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FROM THE OFFICE OF THE MAYOR 

September 12, 2014 

Benicia Planning Commissioners: 

clT"y MMJi.GER· S OFF ICE 
CITY OF BEN ICIA 

As the Mayor of Dixon, I am writing to express my support for Valero's proposed Crude by Rail 
project. I have full faith in the abilities of local and regional first responders and recognize the 
extensive prevention, preparedness and response measures in place at the local, state and 
federal levels to keep our communities safe. 

Transporting crude by rail is not a new phenomenon. In fact, this material has been traveling 
throughout our region by rail for years. The transportation of crude by rail has been 
advantageous to communities throughout California, both economically and environmentally. 
This project will result in a decrease in air emissions including greenhouse gases and 
significantly reduces the likelihood of crude release. 

The competence and skill of safety regulators cannot be overstated. Comprehensive regulations 
are in place to protect our communities and the nation's major railroads are constantly working 
to improve operations and infrastructure statewide. Refineries moving crude by rail operate 
under strict guidelines as well . Their commitment to safety and security has allowed us to move 
crude safely by train across the United States and supports the economy by creating new jobs, 
generating tax revenue and increasing access to domestic energy supplies. 

As one of the newest and most advanced refineries in the nation, the Valero Benicia Refinery 
has demonstrated a commitment to safety that is instilled in everything that they do. They have 
a stellar safety record and have received every year since 2006 cal/OSHA's Voluntary Protection 
Program STAR Site designation for implementing safety programs that go above and beyond 
Cal/OSHA standards. 

Transporting crude by rail is overseen by more than a dozen regulatory agencies. The US 
Department of Transportation, Environmental Protection Agency and Office of Spill Prevention 
and Response are just a few of the regulatory authorities that will oversee the operation of this 
project. Additionally, the refinery has an on-site Fire Department that regularly trains and runs 
drills with the Benicia Fire Department, and a mutual aid agreement in the region to ensure 
their capacity for response both on and off-site. Under federal regulations, the trains 
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transporting this crude will operate at slower speeds, increased track inspections, improved 
tank cars, and better braking systems. 

This project will have many positive impacts on Benicia and surrounding communities. It will 
create 20 full-time, well-paying, much-needed jobs and require approximately 120 skilled 
craftsman jobs during construction . It will also generate additional economic activity 
throughout the region, including in uprail communities. This project will ensure the region's 
vital manufacturing sector remains competitive in a shifting marketplace. Keeping our 
industries competitive and continuing to innovate is the key to economic prosperity for all. 

Thank you for your consideration of this important project. 

Mayor 
City of Dixon 



















 
 
 
 
 
 
 
 

 
 
December 5, 2014 
 
Comments sent via email and overnight mail 
 
Amy Million, Principal Planner 
Community Development Department 
250 East L Street 
Benicia, CA 94510 
amillion@ci.benicia.ca.us 
 
Re: The City of Benicia’s Draft Environmental Impact Report for the Valero Benicia Crude by 
Rail Project 
 
Dear Ms. Million, 

 
On behalf of the Center for Biological Diversity, Communities for a Better Environment, 

and Natural Resources Defense Council, we submit the following comments on the City of 
Benicia’s Draft Environmental Impact Report (DEIR) for the Valero Benicia Crude by Rail 
Project (Project). The Project, if approved, would allow the Valero refinery to receive up to 
70,000 barrels per day of crude oil by train, which equates to a potential for 1.07 billion gallons 
of crude oil imported by train each year. 
 

These comments supplement prior comment letters by detailing the significant 
deficiencies in the DEIR’s assessment of impacts to Biological Resources in Section 4.2. 
Specifically the DEIR (1) fails to adequately analyze and mitigate impacts to biological 
resources at the Project area; (2) fails to adequately analyze and mitigate impacts along the rail 
lines serving the Project; (3) fails to properly analyze the cumulative impacts of increased crude 
oil shipments on biological resources; and (4) fails to adequately evaluate impacts related to 
climate change. 

 
Because this Project would result in significant impacts to biological resources, the City 

cannot certify the DEIR before adopting all feasible mitigation measures. At present, the DEIR 
fails to identify and analyze mitigation measures that would reduce the Project’s impacts. 
However, there are numerous mitigation measures and alternatives that would reduce the impacts 
of the Project. These measures must be analyzed in the DEIR, so that the full range of options are 
publicly disclosed and considered by decision‐makers. 
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I. The DEIR Fails To Adequately Analyze and Mitigate Impacts to Biological Resources in 
the Project Area. 
 

The Project will increase rail traffic activity significantly at the Project site (also called 
Project study area or Project area) by up to 730 oil trains each year, each carrying up to 50 tank 
cars,1 with the potential of 1.07 billion gallons of crude oil per year imported to the Project area. 
The increased rail traffic and heightened probability of an oil spill from these oil trains pose 
significant risks to numerous special-status species occurring at the Project area. The DEIR fails 
to fully disclose and analyze the significant impacts to special-status species at the Project area, 
and fails to propose sufficient mitigation for these impacts.  
 

A. The DEIR incorrectly categorizes numerous special-status species as “absent” 
from the Project area, and thereby avoids analyzing and mitigating impacts to these 
species. 

 
The DEIR improperly classifies numerous special-status species as “absent” from the 

Project study area, and thereby avoids analyzing impacts from the Project on these species. The 
DEIR states that the Project study area includes the Sulphur Springs Creek riparian area and the 
adjacent Project construction footprint. DEIR at 4.2-1. The DEIR acknowledges that Sulphur 
Springs Creek riparian area provides suitable habitat for numerous special-status species:  

 
Sulphur Springs Creek and its associated riparian corridor and in-stream marshes 
provide potentially suitable habitat for the following special-status species: 
California red-legged frog, western pond turtle, tri-colored blackbird, yellow-
headed blackbird, Suisun song sparrow, Samuel’s song sparrow, grasshopper 
sparrow, loggerhead shrike, yellow breasted chat, San Francisco common 
yellowthroat, and short-eared owl. DEIR at 4.2-27. 

 
The DEIR also discusses the potential for the federally and/or state listed California black 
rail, California clapper rail, and salt marsh harvest mouse to occur in the Sulphur Springs 
Creek riparian area, but then arbitrarily dismisses their presence in the Project area 
without citing any evidence showing their absence or conducting any surveys:  
 

Though brackish and salt marshes at the mouth of Sulphur Springs Creek provide 
habitat occupied by California black rail, California clapper rail, and salt marsh 
harvest mouse (CDFW, 2013a), only California black rail has the potential to 
occur in freshwater marshes of upstream Sulphur Springs Creek; this would be 
unlikely due to the small patch sizes of creek marshes and the industrial 
surroundings. DEIR at 4.2-28. 
 
This is especially troubling given that one of the twelve Salt Marsh Harvest Mouse 

Conservation Areas in the Suisun Marsh is directly adjacent to the Project area. See Figure 1. 
Furthermore, the salt marsh harvest mouse, California clapper rail, and California black rail are 
State Fully Protected Species which means that no take or permits for take are allowed.2 

                                                 
1 The Project would allow Valero to accept up to 100 tank cars of crude oil a day in two 50-car trains. DEIR at 3-1.  
2 http://www.dfg.ca.gov/wildlife/nongame/t_e_spp/fully_pro.html  
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 The DEIR fails to consider special-status fish that have the potential to occur in the 
Sulphur Springs Creek riparian area, even though the federally and/or state listed delta smelt, 
Central Valley steelhead, and longfin smelt use the Suisun Marsh and its network of sloughs for 
feeding, rearing, and/or migration as juveniles or adults. DEIR at Table 4.2-1. 
 
Figure 1. Twelve Salt Marsh Harvest Mouse Conservation Areas in Suisun Marsh. 
Source: http://www.dfg.ca.gov/delta/suisunmarsh/atlas/images/smhm%20cons%20areas.jpg 

 
The DEIR also fails to consider special-status plants occurring in the Project area. Table 

4.2-1 of “Special Status Species Considered for the Proposed Project” irrationally excludes plant 
species because they were judged to not experience secondary disturbance-related impacts:  
“Statements regarding the potential for species to occur in Sulphur Springs Creek (a component 
of the Project Study Area) do not extend to plants because they would not experience secondary 
disturbance-related impacts (e.g., noise, visual) from the project.” DEIR at 4.2-5. However, 
plants at Sulphur Springs Creek are vulnerable to oil spills, erosion, sediment loading, chemical 
runoff, and other impacts from the Project, as acknowledged by the DEIR (DEIR at 4.8-15), and 
these impacts must be analyzed and mitigated. 

 
In sum, despite the potential presence of numerous special-status species in the Project 

area, Table 4.2-1 erroneously lists all special-status species as absent from the Project Study 
Area, with the sole exception of the California red-legged frog which is listed as “unlikely.” The 
DEIR concludes without basis that the only “special-status species potentially occurring in the 
Sulphur Springs Creek riparian corridor are California red-legged frog (Rana draytonii), western 
pond turtle (Actinemys marmorata), and nesting birds.” DEIR at 4.2-19. 
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The Project applicant did not conduct any field surveys for special-status species in the 

Project area. Without USFWS protocol-level surveys for special-status species, the DEIR must 
assume they are present and treat any potential habitat as occupied habitat, and impacts to these 
species must be fully analyzed and mitigated. 

 
B. The DEIR fails to analyze and mitigate foreseeable impacts on special-status 
species in the Project area. 

 
Under CEQA Guidelines, a project would cause significant adverse impacts to biological 

resources if it would “have a substantial adverse effect, either directly or through habitat 
modifications, on any species identified as a candidate, sensitive, or special-status species.” The 
DEIR’s cursory and incomplete three-paragraph analysis of the potential impacts of Project 
activities on special-status species (DEIR at 4.2-27-28) has several fatal flaws:  

 
(1) As detailed above, the DEIR only considers a subset of the special-status species that 

may occur in the Project area, and thus its analysis is incomplete. 
 
(2) The DEIR completely fails to analyze the potential for an oil spill from the ~730 

crude oil trains arriving each year at the Project area to reach and harm the Sulphur Springs 
Creek riparian corridor and adjacent Suisun Marsh. DEIR at 4.2-27-28. The Sulphur Springs 
Creek riparian corridor is immediately adjacent to the northeast Project boundary, separated only 
by chain-link fencing. DEIR at 4.2-19. Due to the proximity of sensitive wetland habitat and 
special-status species, the impacts of an oil spill in the Project area could be significant. 
However, the DEIR irrationally fails to analyze the impacts from a spill in the Project area or 
require mitigation measures to prevent a worst-case scenario oil spill from reaching sensitive 
wetlands. For example, the DEIR fails to require mitigation plans, procedures, and contractual 
arrangements to enable a rapid response to an oil spill in sensitive habitats, such as contracts to 
bring personnel to the site to contain an oil spill in wetland habitat, bird rescue personnel and 
rehabilitators immediately after onset of a spill event, and personnel to conduct clean-up in 
sensitive habitat in consultation with the California Department of Fish and Wildlife, National 
Marine Fisheries Service, and U.S. Fish and Wildlife Service.  
 

(3) The DEIR fails to analyze and mitigate many construction-related and operational 
impacts at the Project area to special-status species. DEIR at 4.2-27-28. The DEIR must analyze 
and mitigate the full range of impacts to special-status species imposed by construction and 
increased rail activity due to Project operation, including increased noise pollution, night 
lighting, collisions with trains, barriers to movement, disturbance from human presence, spread 
of invasive species from imported soils, and storm-water runoff containing pollutants from oil 
and other chemicals used at the facility. In its incomplete analysis, the DEIR irrationally 
concludes that the Project is only likely to affect nesting birds, indirectly, and only through 
construction-related activities. DEIR at 4.2-28. Even for nesting birds, the DEIR completely 
evades evaluating whether operational effects could disrupt nesting birds or feeding migratory 
waterfowl by presuming that these species are “tolerant” without providing any scientific 
evidence, monitoring, or analysis to verify that no harm is occurring: "[d]uring operation, the 
noise, vibrations, visual disturbance, and increased human activity associated with the Project 
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become part of the ambient environment, so any birds that subsequently nest nearby are 
presumed to be tolerant of the disturbance." DEIR at 4.2-28. The DEIR must properly evaluate 
and mitigate the full range of construction-related and operational impacts to special-status 
species in the Project area. 
 
II. The DEIR Fails To Properly Analyze and Mitigate Off-Site Impacts to Biological 
Resources Outside of the Immediate Project Area. 
  

The DEIR’s analysis of Project impacts to Biological Resources outside the Project area 
suffers from numerous fatal flaws: (1) the DEIR arbitrarily limits the scope of its off-site 
biological resources impacts analysis to the ~18 miles of rail line running through the Suisun 
Marsh; (2) the DEIR improperly limits its rail accident risk analysis to the ~18 miles of track 
passing through the Suisun Marsh and significantly underestimates the spill risk; (3) the DEIR 
fails to disclose the significance of low-probability, high-consequence oil spill events or mitigate 
oil spill impacts; and (4) the DEIR fails to analyze and mitigate impacts from increased rail 
activity along the rail lines serving the Project.  
 

A. The DEIR irrationally and improperly limits the geographic scope of its off-site 
biological resources impacts analysis. 

 
Despite the fact that the Project will vastly increase rail activity to and from the refinery 

across California and other states, the DEIR irrationally and improperly fails to analyze the 
Project’s off-site impacts to biological resources beyond the ~18 mile stretch of rail line running 
through the Suisun Marsh. The DEIR’s restriction of the geographic scope is arbitrary and 
violates CEQA.  
 
 CEQA requires an EIR to discuss the significant impacts that the proposed project will 
have in the relevant geographic area. Guidelines § 15126.2(a). Agencies must “provide a 
reasonable explanation for the geographic limitation used,” Guidelines § 15130(b)(1)(B)(3), and 
the geographic scope “cannot be so narrowly defined that it necessarily eliminates a portion of 
the affected environmental setting,” Bakersfield Citizens for Local Control v. City of Bakersfield, 
124 Cal. App. 4th 1184, 1216 (2004). 
 

The DEIR acknowledges that impacts from the Project could extend to areas outside of 
the Suisun Marsh along the railroad track used to transport crude oil: “potential indirect impacts 
of accidental releases related to this proposed new transport on the [Suisun] Marsh … also may 
apply to other sensitive areas anywhere along the railroad tracks used to transport crude 
feedstocks.” DEIR at 4.2-31. However, the DEIR fails to explain why it has limited the 
geographic scope to Suisun Marsh, and inexplicably fails to evaluate impacts along the rail lines 
that will be used by the Project. 

 
Because only a handful of rail lines would serve the Project, the analysis of the potential 

impacts to special-status species along these lines is eminently feasible. Within California and 
many western states, for example, very few branches of Union Pacific and BNSF rail lines lead 
to Roseville. See Figures 2 and 3. 
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Figure 2. Union Pacific Railroad Crude-By-Rail Routes.  
Source: http://www.up.com/customers/chemical/crude/index.htm 

Figure 3. BNSF Crude-By-Rail Routes.  
Source: http://www.bnsf.com/customers/oil-gas/ 
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The narrow geographic scope of the biological resources impacts analysis is a serious 
deficiency, particularly because significant train-related harms to species from oil and chemical 
spills, train collisions, noise pollution, and barriers to movement have been scientifically 
documented as detailed below, and these harms will worsen with increased rail activity.  

 
The DEIR should include a full discussion of the impacts of the Project’s rail activity on 

biological resources, including the full range of potential impacts from increased rail activity, the 
origin and route of train trips, the species and habitats that will be impacted along the train 
routes, and mitigation measures. The DEIR’s failure to address these important topics violates 
CEQA. 

 
B. The crude-by-rail routes for UPRR pass through occupied habitat for many 
special-status species. 

 
Union Pacific Railroad (UPRR) rail lines cut through critical habitat for many threatened 

and endangered species along the mainline rail network. In California alone, UPRR track with 
UPRR ownership rights pass directly through critical habitat for 25 federally protected species, 
including terrestrial and aquatic animals and plants. See Table 1 and Figure 4. The Project would 
enable the rail transport and processing of Bakken and Canadian tar sands crude oil to the 
refinery. As shown by the maps of UPRR and BNSF crude-by-rail routes (i.e., Figures 2 and 3), 
the rail lines transporting crude oil from the Bakken shale deposit on the North Dakota-Montana 
border would pass through occupied habitat for many threatened and endangered species, such as 
the grizzly bear in the Northern Continental Divide Ecosystem (NCDE) in northwest Montana. 
The DEIR’s failure to disclose and analyze these impacts to special-status species and sensitive 
habitats along the rail lines violates CEQA. 

 
C. The DEIR improperly limits its off-site oil spill risk analysis to 18 miles of track 
passing through the Suisun Marsh and significantly underestimates the risk of an 
accident resulting in an oil spill. 
 
The DEIR improperly narrows the scope of its oil spill risk analysis to an ~18 mile 

stretch of rail line passing through Suisun Marsh, although it admits that “a spill could occur 
anywhere along the line.” DEIR at 4.2-33. The DEIR should have evaluated the probability of an 
oil spill on the mainline track outside of Suisun Marsh, which would have yielded a significantly 
greater risk of oil spill resulting from the Project due to the larger number of rail miles traveled. 
By improperly limiting the scope of the analysis, the DEIR significantly underestimates the 
probability of an oil spill resulting from the Project. The DEIR’s restriction of its oil spill risk 
analysis to Suisun Marsh is arbitrary and violates CEQA.   
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Table 1. UPRR track with UPRR ownership rights passes directly through critical habitat for 25 
federally protected species in California. 
 

Common Name Scientific Name 
Federal Listing 
Status 

Sacramento Orcutt grass Orcuttia viscida Endangered 
Desert tortoise Gopherus agassizii Threatened 
Bay checkerspot butterfly Euphydryas editha bayensis Threatened 
Suisun thistle Cirsium hydrophilum var. hydrophilum Endangered 
Arroyo toad Anaxyrus californicus Endangered 
Contra Costa goldfields Lasthenia conjugens Endangered 
Vernal pool fairy shrimp Branchinecta lynchi Threatened 
Vernal pool tadpole shrimp Lepidurus packardi Endangered 
La Graciosa thistle Cirsium loncholepis Endangered 
Valley elderberry longhorn beetle Desmocerus californicus dimorphus Threatened 

California tiger Salamander              
(Santa Barbara County DPS) Ambystoma californiense Endangered 
Marbled murrelet Brachyramphus marmoratus Threatened 

California tiger Salamander           
(Central California DPS) Ambystoma californiense Threatened 
Delta smelt Hypomesus transpacificus Threatened 
Southwestern willow flycatcher Empidonax traillii extimus Endangered 
California red-legged frog Rana draytonii Threatened 
Coastal California gnatcatcher Polioptila californica californica Threatened 
Coachella Valley milk-vetch Astragalus lentiginosus var. coachellae Endangered 
Santa Ana sucker Catostomus santaanae Threatened 
Least Bell's vireo Vireo bellii pusillus Endangered 

Ventura Marsh Milk-vetch 
Astragalus pycnostachyus var. 
lanosissimus Endangered 

Gaviota Tarplant Deinandra increscens ssp. villosa Endangered 
Tidewater goby Eucyclogobius newberryi Endangered 

North American green sturgeon 
(southern DPS) Acipenser medirostris Threatened 
San Bernardino Meriiam's kangaroo rat Dipodomys merriami parvus Endangered 
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Figure 4. Critical habitat for threatened and endangered species bisected by UPRR track with 
ownership rights in the San Francisco Bay Area in California. 
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D. The DEIR fails to disclose the significance of low-probability, high-consequence 
oil spill events resulting from the Project or mitigate oil spill impacts. 
  
The DEIR acknowledges that the consequences of an oil spill in Suisun Marsh could be 

“significant.” DEIR at 4.2-33. However, the DEIR dismisses those consequences by arguing that 
the likelihood of a severe event occurring is low, and irrationally concludes that the impacts from 
a train accident that involves a relatively large amount of oil spilled from one or more tank cars 
is less than significant. DEIR at 4.2‐33. This analysis errs in several fundamental ways. First, as 
detailed in the 15 September NRDC et al. letter, the DEIR’s hazards analysis for the risk of oil 
spills suffers from numerous deficiencies which underestimate the risk of accidents. Second, 
even using the Barken report’s flawed estimate, the risk of an oil spill that releases greater than 
100 gallons along the portion of the route traversing the Suisun wetland area (0.381% per year) 
equates to an 11% probability over a 30-year period which is a significant risk. Third, because 
the significance of an accident depends both on its probability of occurring and its magnitude, 
high-magnitude‐low-probability risks like large oil spills are significant impacts under CEQA, 
and must be mitigated. Guidelines § 15143 (“The significant effects should be discussed with 
emphasis in proportion to their severity and probability of occurrence.”). 
 

Oil spills have well-documented lethal and sublethal impacts on species, including 
immediate and long-term effects (Bhattacharyya et al. 2003, Holdway 2002), that must be 
considered in the DEIR. Petroleum oil is a complex mixture of hundreds of different compounds, 
mostly hydrocarbons, with different levels of toxicity to wildlife. Polycyclic aromatic 
hydrocarbons (PAHs) are among the most toxic oil components and have been documented to 
cause significant impacts on wildlife. Direct impacts to wildlife from exposure to oil include 
behavioral alteration, suppressed growth, induced or inhibited enzyme systems and other 
molecular effects, physiological responses, reduced immunity to disease and parasites, 
histopathological lesions and other cellular effects, tainted flesh, and chronic mortality (Holdway 
2002). Oil can also exert indirect effects on wildlife through reduction of key prey species 
(Peterson et al. 2003). 
 

The persistence of toxic subsurface oil leading to chronic exposure, even at sublethal 
levels, can impact wildlife species and ecosystems for decades (Bhattacharyya et al. 2003, 
Peterson et al. 2003). Exposure to crude oil in rivers and streams has been linked to long-term 
population effects in freshwater fish (Krahn et al. 1986), river otters (Duffy et al. 1993, Bowyer 
et al. 1995), and other freshwater species (Harrel 1985). For example, pink salmon embryos 
exposed to oil under conditions similar to those observed after the Exxon Valdez spill exhibited 
delayed effects of reduced growth and significantly lower marine survival (Heintz et al. 2000). 
Crude oil from the Exxon Valdez spill is thought to have caused the elevated mortality of pink 
salmon eggs in oiled streams for at least four years after the spill (Peterson et al. 2003).  
 

One recent example of the significant impacts of low-probability, high-consequence oil 
spill events occurred in Suisun Marsh in 2004 when a Kinder Morgan pipeline spilled 
approximately 123,774 gallons of diesel fuel into Suisun marsh, adjacent to the Union Pacific 
rail line that would carry crude to the refinery if this project is approved.3 The Natural Resource 
Damage Assessment for the spill documents injury and/or death of numerous birds, small 
                                                 
3 https://nrm.dfg.ca.gov/FileHandler.ashx?DocumentID=22852&inline=true 
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mammals, reptiles, fish, aquatic and terrestrial invertebrates, and marsh plants, including deaths 
of the federally and state-listed salt marsh harvest mouse. The most-heavily impacted areas 
included a 9.25-acre area reduced to a plowed field with a projected recovery time of 10-years 
from restoration, and a 68.54-acre area that was 80% injured with a 4-year recovery timeline.  

 
E. The DEIR fails to adequately analyze off-site impacts from increased rail activity 
along the rail lines serving the Project.   
 
Although the Project will vastly increase rail activity by up to four train trips per day (i.e., 

two trains coming and the same trains leaving), equating to up to 1460 trips per year (DEIR at 
4.2-31), the DEIR fails to sufficiently analyze the range of off-site impacts from increased rail 
traffic to wildlife species along the rail lines serving the Project. The DEIR arbitrary limits its 
off-site impacts analysis to oil spills and noise pollution along the rail line running through 
Suisun Marsh, and incorrectly determines that these impacts are not significant. 

 
1. The DEIR’s analysis of noise pollution in Suisun Marsh incorrectly 
concludes that impacts are “less than significant.” 

 
 The DEIR acknowledges that noise pollution from increased rail traffic could affect a 
range of special-status species including California black rail, California clapper rail, burrowing 
owl, Suisun shrew, and salt marsh harvest mouse. DEIR at 4.2-31-32. It determines that “if all 
four trains were added during nighttime hours when presently only about 7 trains run, the 
percentage increase of train cars running during nighttime hours would be closer to 60%.” DEIR 
at 4.2-32. This is a significant increase in noise pollution. However, the DEIR speculates that 
wildlife species “are expected to soon habituate to the increased noise,” without providing any 
scientific evidence that increased noise pollution will not impact special-status species. The 
DEIR dispels any significant risks to special-status on the basis of generalized and conclusory 
statements unsupported by factual information that are specifically prohibited under CEQA.4 

This arbitrary analysis and lack of mitigation violate CEQA. 
 

2. The DEIR fails to analyze and mitigate the impacts of increased rail traffic 
on the rail lines serving the Project. 

 
Scientific studies have documented that train activity negatively affects wildlife through 

(1) mortality from collisions with trains, (2) disturbance from noise and artificial light causing 
stress and behavioral changes, (3) impeding natural movements, thereby restricting the animal’s 
range, making habitat less accessible, and potentially leading to population fragmentation and 
isolation, and (4) pollution of the physical, chemical, and biological environment, for example 
through the emissions of contaminants like heavy metals, which can degrade habitat suitability in 
a much wider zone than the width of the railroad itself (Jackson 1999). Each of these impacts 

                                                 
4 See Berkeley Keep Jets Over the Bay Com. v. Board of Port Cmrs. (2001) 91 Cal. App. 4th 1344, 1371 (striking 
down an EIR “for failing to support its many conclusory statements by scientific or objective data”); San Joaquin 
Raptor Rescue Center v. County of Merced (2007) 149 Cal. App. 4th 645, 659 (“[D]ecision makers and general 
public should not be forced to . . . ferret out the fundamental baseline assumptions that are being used for purposes 
of the environmental analysis.”). 
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would be worsened by the significantly increased rail traffic resulting from the Project, and the 
DEIR must analyze and mitigate the full range of impacts. 

a. Mortality from train collisions

Mortality resulting from animal-train collisions has been documented for a wide range of 
species, including moose (Andreassen et al. 2005, Gundersen and Andreassen 1998, Gundersen 
et al. 1998), grizzly bears (Benn and Herrero 2002, Waller and Servheen 2005, Pissot 2007, 
USFWS 2013), black bears (Pace et al. 2000, Van Why and Chamberlain 2003), wolverines 
(Krebs et al. 2004), wolves (Morner et al. 2005), deer (AP 2014, Kusta et al. 2011, Kusta et al. 
2014), pronghorn (AP 2011), tortoises (Iosif 2012), amphibians (Budzik and Budzik 2014), and 
birds (Spencer 1965). The frequency of train trips was determined to be the most significant 
factor in the number of deer-train collisions across study sites (Kusta et al. 2014). Railroad 
fatalities can have detrimental impacts on animal populations. For example, train-moose 
fatalities in the lower Susitna Valley, Alaska, were a primary contributer to population 
reductions (Modafferi 1991). 

Illustrating the impacts of train collisions to special-status species, the BNSF railway in 
northwestern Montana has long been responsible for killing threatened grizzly bears from the 
Northern Continental Divide Ecosystem (NCDE) population. According to recent data, 50 
grizzly bears from the NCDE population were documented as killed by train collisions between 
1984 and 2013 (USFWS 2014). In 2014 at least two grizzly bears from this threatened 
population were killed by train collisions (Daily Inter Lake 2014). Although BNSF has taken 
some steps to clean up grain spills attracting bears, grizzly bears continue to be killed along this 
section of railroad, which has been attributed in large part to the high volume of rail traffic on 
this line (Waller and Servheen 2005). As a result, the average number of grizzly bear deaths from 
train collisions has not declined over time (USFWS 2014).  

b. Noise pollution

Noise from rail activity has been found to cause adverse impacts to species. Chronic 
noise pollution from road, rail, and other anthropogenic activity is an issue of increasing concern 
(Morley et al. 2014). Birds are particularly vulnerable to noise because it can mask their vocal 
communication, with consequent effects on their health and survival. Schroeder et al (2012) 
documented reduced reproductive fitness in birds exposed to chronic noise from generators. 
Intermittent noise, the expected pattern along a rail line, may also cause stronger effects and 
decrease the ability of birds to habituate to noise (Blickley et al. 2012). While some birds may 
utilize vocal adjustments in response to chronic noise pollution, those adjustments are likely to 
have direct and indirect fitness costs (Read et al. 2014). 

c. Barriers to movement

Railways can act as barriers to movement that can result in population fragmentation and 
isolation. Increased train traffic can increase the impact of the barrier. For example, studies 
indicate that railways act as a barrier to movement for the federally threatened grizzly bear 
population in the Northern Continental Divide Ecosystem (NCDE) in northwest Montana 
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(Waller and Servheen 2005, Kendall et al. 2009). Kendall et al. (2009) found evidence for 
population fragmentation across the western side of the BNSF rail line and Hwy. 2 corridor 
between Glacier National Park and National Forest lands. Population differentiation across the 
corridor indicated that reduced genetic interchange was occurring. Waller and Servheen (2005) 
similarly found that train traffic posed a significant movement challenge for bears. Furthermore, 
their research indicated that the high rail traffic volume was particularly problematic for bear 
mortalities: 

 
While grizzly bears appeared to make behavioral adjustments to temporal patterns 
of highway traffic volume, they were faced with a different situation along the 
railroad. During hours of low highway traffic, when grizzly bears were choosing 
to cross US-2, railroad traffic was high. Trains were more frequent, longer, and 
faster at night than during daylight hours. Furthermore, rail traffic was greater 
during fall when bears were in hyperphagia. This situation arose for a number of 
reasons. First, most track maintenance work was accomplished during daylight 
hours; thus, freight traffic was often curtailed during the day to allow track work 
to proceed. Second, arrival times for freight trains depended partially on their 
departure time. Freight trains loaded on the Pacific coast (approx 800 km to the 
west) during the day left in the evening and arrived in our study area at night the 
next day, 24–36 hr later. The result was that grizzly bears had to contend with 
high railroad traffic when highway traffic was lowest. We observed greater 
grizzly bear mortality caused by trains than that caused by cars on the highway. 
(Waller and Servheen 2005: 997). 

 
Railroads have also been shown to inhibit movement of bumblebees (Bhattacharya et al. 

2003) and pronghorn (Ockenfels et al. 1997). Fenced railroads in Arizona posed movement 
barriers that isolated pronghorn into different populations and shaped home ranges, resulting in 
population fragmentation (Ockenfels et al. 1997). 

 
III. The DEIR Fails to Properly Analyze the Cumulative Impacts of Increased Crude Oil 
Shipments on Biological Resources. 
 

The DEIR’s cumulative impacts analysis for biological resources (DEIR at 5-15-16) is 
wholly inadequate. The DEIR lists numerous current and proposed projects that will increase 
crude oil transport in the San Francisco Bay area by railcar and ship in Table 5-1. However, the 
DEIR concludes without basis that the cumulative impacts from noise pollution, light pollution, 
and oil spills from these projects will be less than significant. For example, the DEIR 
acknowledges that these projects will lead to “a regionwide increase in all types of vessel traffic 
(frequency and/or duration of ships, railcars, etc.), along with an increased number of 
conveyance pipelines planned under regional projects… which would increase the overall 
likelihood of a spill in the region.” However, the DEIR concludes that cumulative impacts would 
be less than significant because the probability of a spill would be small: “a spill would only 
occur under circumstances of an upset or accident, and the probability of occurrence of any 
single event is small; the probability of two or more events occurring at the same time (from the 
Project and another cumulative project) is even smaller.” DEIR at 5-16. As detailed above, the 
significance of an accident depends both on its probability of occurring and its magnitude, so that 
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high magnitude‐low probability risks like large oil spills are significant impacts under CEQA 
(CEQA Guidelines § 15143). The additional risk posed by the Project is clearly cumulatively 
significant in light of the other existing and proposed crude-by-rail projects in the region which 
may use the same rail lines as the project. Therefore, the DEIR must disclose this risk as 
significant and adopt mitigation measure to reduce the risk. 

 
IV. The DEIR Inadequately Evaluates Impacts Related To Climate Change. 
 

The DEIR fails to assess the potential impacts of climate change on the Project, 
particularly from sea level rise and storm surge, which could undermine the railroad tracks along 
the Suisun Marsh. As admitted by the DEIR, flooding can cause train derailment, leading to 
possible fires or spills. However, the DEIR fails to assess whether the railroad lines carrying 
crude-by-rail for the Project would be affected by rising water levels and increased risk of floods. 
 
V. Conclusion 
 

The DEIR has failed to adequately disclose, analyze, and mitigate numerous significant 
impacts to biological resources. These fatal flaws must be corrected before this project may 
lawfully be approved.  

 
We are submitting copies of the cited studies with these comments. Please contact Shaye 
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THE EFFECT OF SCENT-MARKING, FOREST CLEARING, AND 
SUPPLEMENTAL FEEDING ON MOOSE–TRAIN COLLISIONS

HARRY P. ANDREASSEN, Hedmark University College, Department of Forestry and Wildlife Management, Evenstad, N-2480
Koppang, Norway

HEGE GUNDERSEN,1 Hedmark University College, Department of Forestry and Wildlife Management, Evenstad, N-2480 Kop-
pang, and Centre for Ecological and Evolutionary Synthesis, University of Oslo, Oslo, Norway

TORSTEIN STORAAS, Hedmark University College, Department of Forestry and Wildlife Management, Evenstad, N-2480 Kop-
pang, Norway

Abstract: We analyzed how the application of scent-marking, forest clearing, and supplemental feeding correlated
with the number of moose (Alces alces)–train collisions along the most vulnerable railroad stretch in Norway. Data
on 1,045 collisions has been compiled for 18 years since 1985, and remedial actions have occurred during various
periods since 1990. We used sections of the rail line where remedies had never been applied as control sections to
estimate the expected number of collisions per year and per km. In this way, we took into account the yearly vari-
ation in the number of accidents by using the difference between the actual number of accidents and the expect-
ed number of accidents as our response variable. We compared the difference between periods when remedies
were applied to periods without any remedy. We found a general 46% decrease in the number of accidents during
years with a remedy compared to what would have been expected the same years without any remedy. Forest clear-
ing and supplemental feeding seem to be reliable ways of reducing the number of collisions. Scent was only applied
for short distances in a few years, and the beneficial effects we observed were questionable. We conclude that mit-
igative efforts may substantially reduce accidental mortality in moose populations if applied for long distances. We
discuss the economics of game-vehicle collisions by performing a simple calculation to visualize the need for a bio-
economic approach to the problem.

JOURNAL OF WILDLIFE MANAGEMENT 69(3):1125–1132; 2005

Key words: Alces alces L., forest clearing, moose–vehicle accidents, scent-marking, supplemental feeding.
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Human development in past decades has been
followed by a considerable increase in ungulate–ve-
hicle accidents. The high socioeconomic cost of un-
gulate–vehicle collisions (Jaren et al. 1991) and the
unpredictable effects on population development
(Peterson and Danell 1992) have motivated many
attempts to identify effective mitigative techniques.
Bruinderink and Hazebroek (1996) and Romin
and Bissonette (1996) summarized the effectiveness
of various remedial actions in reducing ungu-
late–vehicle accidents and concluded that tech-
niques based on sound, light, or scent-marking were
ineffectual. However, forest clearing along roads
with heavy traffic had some positive effect, and
fences significantly reduced the number of acci-
dents. Romin and Bissonette (1996) also suggested
that supplemental feeding could reduce accidents,
but the lack of data precluded any conclusive rec-
ommendations regarding feed. Fences have proven
to be the most effective way of hindering ungu-
late–vehicle accidents. However, because fences
disrupt habitat connectivity with unknown impact
on the ecological community, there is a need to
explore the efficiency of other techniques.

In Norway, the moose is responsible for the ma-
jority of the ungulate–vehicle accidents (Gunder-
sen et al. 1998), and the Norwegian National Rail
Administration has registered a steady increase in
moose–train collisions from approximately 50 ac-
cidents yearly in the 1950s up to 1,000 yearly acci-
dents in early 1990s (Andreassen et al. 1997, Sta-
tistics Norway 2003). In North America, moose
mortality on highways and railways is a recurrent
management problem (Child 1983, Child et al.
1991, Modafferi 1991). One of the most severely
affected areas in Norway is a section of the Røros-
banen railroad (Gundersen et al. 1998, Gunder-
sen and Andreassen 1998) where collisions occur
mainly during winter; more specifically, they occur
during long winters with deep snow when a high
proportion of the moose population in the sur-
rounding area migrates to winter ranges close to
the railroad (Gundersen et al. 1998). Due to the
severe problems associated with the moose–train
collisions in this specific area, several attempts
have been made to introduce various mitigative
techniques, such as fencing, forest clearing, scent-
marking, and the use of moose feeding stations.

We analyzed the effect of forest clearing, scent-
marking, and feeding stations in reducing the num-
ber of winter collisions along a stretch of the Røros-

1 Corresponding author e-mail: hege.gundersen@
bio.uio.no
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banen railroad. These mitigative techniques were
all replicated at several sites along the railroad in
various years. To consider the yearly variation in the
number of accidents, we estimated the expected
number of accidents from control sections that
were never treated. Hence, we used the difference
between the actual number of collisions and the ex-
pected number of collisions as our response vari-
able, and we compared years with and without any
remedy. We also devised a simple calculation to es-
timate the economics of mitigative techniques.

STUDY AREA
We analyzed data on moose–train collisions

from the most vulnerable stretch along Rørosba-
nen railroad line located in Stor-Elvdal and Ren-
dalen municipalities, southeast Norway (Gunder-
sen et al. 1998, Fig. 1). The railroad within these 2
municipalities was 100 km long (defined as 200- to
300-km rail-line from Oslo) and ran along the bot-
tom of 1 of the main north-south valleys called Øs-
terdalen. The valley is surrounded by hills of bo-
real forest, dominated by Norway spruce (Picea
abies) and Scots pine (Pinus sylvestris), and inter-

spersed with a few boreal deciduous species such
as birch (Betula spp.). Thirty-eight percent of the
moose population migrates down to the highly
trafficked valley as soon as snow starts to accumu-
late in the hills during winter (usually around
Nov–Dec; Gundersen et al. 1998, Gundersen 2003).

METHODS

Source of Moose–Train Collision Data
We collected data on moose killed by trains from

The Norwegian State Railroad (NSB), The Norwe-
gian National Rail Administration, and from the lo-
cal Wildlife Committees of Stor-Elvdal and Ren-
dalen municipalities from 1 July 1985 until 1 April
2003. Each record of a moose–train collision in-
cluded time and position to the nearest 100 m along
the 100-km railroad section. We obtained daily av-
erage temperatures and snow depths from the
Evenstad meteorological station (61°24′N, 11°7′E).

Remedial Actions
Various remedial actions have been applied

within the study area through the initiative of

Fig. 1. The location of the Rørosbanen railroad and the 100-km section of the rail-line through Rendalen and Stor-Elvdal munic-
ipalities in Hedmark County, Norway, 2003.
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NSB, The Norwegian National Rail Administra-
tion, landowners in Stor-Elvdal and Rendalen mu-
nicipalities, and Hedmark University College Di-
vision of Forestry and Wildlife Management. Ten
0.5-km lengths were treated with scent in
1994–1995 and 1995–1996, respectively. Two feed-
ing stations (6.0 and 8.0-km long) were established
in 1994, and 1 station (4.0-km long) was estab-
lished in 1995. Eight forest clearings (0.9 to 14 km
long) were established from 1990 to 2002. Thirty-
one sites were subjected to treatment.

Fences are assumed to be the best way to reduce
ungulate-vehicle accidents (Bruinderink and
Hazebroek 1996, Romin and Bissonette 1996), as
they may act as a complete barrier to moose move-
ment. Previous studies show that fencing reduces
ungulate–vehicle accidents by as much as 60–100%
(Lehtimaki 1981, Ludwig and Bremicker 1983,
McDonald 1991, Gleason and Jenks 1993, Cle-
venger et al. 2001). However, in some instances,
the number of accidents might actually increase
at the ends of fences when animals enter the traf-
fic artery and become trapped between the fences
(Lehtimaki 1981, Clevenger et al. 2001). Fences
can also trap animals that penetrate or climb over
the fence. In 1995, a 1-km, wire-mesh fence was
erected, and it eliminated collisions with moose
except for 1 at a fence end. Because we had only
1 fenced length, and since it was nearly completely
effective, we excluded this 1-km-long stretch from
further analyses and instead analyzed other, more
subtle, remedies.

Scent-Marking.—Scent is supposed to make un-
gulates more alert and aware of dangers, hence
making them more vigilant when the scent is com-
bined with sound and light from vehicles. How-
ever Lutz (1994) found that game stopped react-
ing to the scent after 2 days. A commonly used
scent is Duftzaun® (HAGOPUR® GmbH, Lands-
berg am Lech, Germany), which consists of com-
ponents from bears (Ursus arctos), wolves (Canis lu-
pus), lynx (Lynx lynx) and humans. In our study,
Duftzaun® scent was placed along the railroad
during the winters of 1994–1995 and 1995–1996.
Ten sections, each 500 m long, were chosen each
winter. Duftzaun® was sprayed on trees and bam-
boo canes at 5-m intervals on along the railway.
One treatment lasted for about 3–4 months, so
only 1 spraying was needed each winter. The spray-
ing was applied during the first days when accu-
mulated snow exceeded 20 cm (i.e., late Nov
1994–1995 and early Jan 1995–1996).

Forest Clearing.—Clearing of vegetation along
trafficked arteries has been suggested to reduce

ungulate-vehicle accidents (Jaren et al. 1991, Glea-
son and Jenks 1993, Romin and Bissonette 1996,
but see Rea 2003). It is recommended that trees
and shrubs available for moose should be re-
moved within 20–60 m from the track. Clearing of
forest and browse was applied on 8 occasions
along our study area. These sections were com-
pletely cleared of vegetation higher than 30 cm, so
they were completely devoid of food and cover
during winter conditions when they were covered
by snow. Such clearings were maintained by re-
peated cutting of vegetation every year since.

Feeding.—Supplemental feeding seems to be an
effective way to change moose movements, either
by reducing migratory distances, or by making an-
imals stay in certain locations (Carbaugh et al.
1975, Miller and Litvaitis 1992, Gundersen et al.
2005). Wood and Wolfe (1988) tested the efficacy
of intercept feeding and found a reduction in the
number of mule deer (Odocoileus hemionus)–vehi-
cle collisions in 5 of 6 tests, although only 2 were
significant. In our study, landowners initiated sup-
plemental winter feeding of moose in 4 side-val-
leys used by moose during migration towards the
winter range. Feeding stations were established by
the landowners as an attempt to reduce traffic ac-
cidents in the area. Two of these side-valleys do,
however, end up at the same location along the
railroad (1 from the eastern and 1 from the west-
ern side). Hence, we analyzed 3 sections along the
railroad for the effect of feeding on the number
of collisions. The supplemental food consisted of
baled and silaged graminoids and/or herbs of
varying breeds and combinations, usually oat
(Avena sativa) and canola (Brassica napus). One
bale of silage weighs about 600 kg, and on average,
5.3 bales (range 1–36) were used at each feeding
station each winter. All stations were placed near
snow free roads with low human activity so that the
food supplementation could easily be performed
by car. The feeding period lasted from when the
snow accumulated in the hillsides, usually in
November, until the snow melted or summer
migration began in April–May.

Analyses
We transformed the observed number of colli-

sions per year in a remedied site by dividing the
number of collisions with the length (km) of the
site. This yielded the observed number of colli-
sions per year (t) and km for each site (Oi,t).

Previously, we showed that 83% of the yearly vari-
ation in moose–train collisions in the area may be
explained by the duration of the winter (Gunder-
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sen et al. 1998). Hence, we cannot simply compare
the number of accidents during years when the
remedy was applied with periods when it was not
applied, as this may be confounded with winter
conditions. To take into account the annual vari-
ation, we lumped all stretches that had never been
allocated for a remedy, hereafter termed control
section, and estimated the expected number of
moose collisions per km every year (Et) by adding
all moose collisions along control sections divided
by 48.8 km (i.e., the total length of control sec-
tion). The equivalent length where a remedy had
been applied, hereafter termed remedy sections,
was 51.2 km.

To compare the various remedial techniques, we
employed a general linear mixed model with pois-
son error, log link, and ln(Et) as an offset using
the SAS macro GLIMMIX (Littell et al. 1996).
Hence, the predicted estimates of the model were
the yearly deviations between the observed and ex-
pected number of collisions. Due to the log-trans-
formations, the actual estimates were ln(Oi,t) –
ln(Et) that, when back-transformed, gave the
value of 1 if there was no difference between the
actual and expected number of collisions (i.e.,
Oi,t/Et = 1), >1 if there were more collisions than
expected, and <1 if there were fewer collisions
than expected. We treated the 31 sites subject to
remedies as random factors in the analyses to take
into account innate variations within each section
that was treated with a remedy for >1 year (i.e., for-
est clearing and supplemental feeding).

Within the remedy sections, we knew the ob-
served number of collisions for years with and
years without the application of the remedy. We
included type of remedy and application (coded
as yes and no) in the model as a between- and
within-subject effect, respectively, with site as the
subject defined as a random factor. Any difference
in the effectiveness of various remedies was then
found in a significant interaction between remedy
and application, while the general effect of apply-
ing a remedy was found in a significant effect of
the main factor application. Hence, a significant
effect of application appeared when the Oi,t/Et
differed between periods with and without the ap-
plication of the remedy.

RESULTS

Effect of Remedies
We selected only the moose–train collisions

that occurred during the winter from November
to March (i.e., 86% of the total number of colli-

sions registered) since feeding and scent-mark-
ing was performed only during winter. The mean
number of collisions each winter was 0.58 (SE =
0.08) moose/km. Of the 1,045 collisions in the
analysis, 672 (64%) were located within remedy
sections in at least 1 year. Hence, since 64% of the
collisions were located inside 51.2% of the rail-
road (total length of remedy sections), remedial
actions were allocated within areas with high risk
of collisions.

Except for 1 site treated with scent, all other 30
remedy sites showed a decrease in the number of
accidents during application of the remedy com-
pared to the control sections. Although this trend
was not statistically significant (effect of applica-
tion: F1,30 = 3.54, P = 0.071), there was an average
reduction of 46% (95% CL: –5, 73) in the number
of accidents during the application of remedies.
Within the remedy sections there were 2.5 times
more moose killed (i.e., odds ratio, 95% CL: 1.8,
3.5) per km and year compared to control sections
before the initiation of the remedy. During the ap-
plication of the remedy, the numbers of killed
moose approached the numbers in control sec-
tions (i.e., odds ratio: 1.3; 95% CL: 0.8, 2.3). There
was no difference in the efficiency of various re-
medial actions (interaction effect of remedy * ap-
plication: F2,28 = 0.34, P = 0.715).

A closer examination into each of the 3 remedial
actions we analyzed separately showed that in ar-
eas cleared of forest there was a 49% reduction in
collisions (95% CL: 10%, 71%; F1,14 = 5.66, P =
0.032), in food supplemented areas a 40% reduc-
tion in collisions (95% CL: 17%, 57%; F1,4 = 9.55,
P = 0.037), and in scent-marked areas a 85% re-
duction in collisions (95% CL: –8%, 100%; F1,38 =
0.84, P = 0.366). However, the large variation in
the effectiveness of scent meant that this remedy
was not statistically significant (Fig. 2).

If the overall number of accidents decreased
over time, the remedies may have only seemed ef-
fective because they were in the later years of the
study. However, while the number of moose killed
per km in remedy sections remained constant
through time, it tended to increase in control sec-
tions (Fig. 3).

At some sections of the railway, various applica-
tions were carried out simultaneously. We tested
whether 2 remedies were more effective than only
1 remedy by comparing sections cleared of forest
or supplemented with food with sections with both
clearing and supplementation. Due to the high
variation in the effect of scent applied over short
distances over few years, we did not test the effect
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of including scent as a second remedy. Two reme-
dies applied simultaneously did not reduce the
number of collisions significantly compared to ar-
eas with only 1 remedy (reduction of 5%; 95% CL:
–61%, 44%; F1,15 = 0.04, P = 0.849).

Quantifying the Reduction
Because most remedial actions are expensive,

they may be more readily adopted if the application
is effective and quantifiable. We illustrated the eco-
nomic benefit of remedies using an example with
forest clearing and supplemental feeding (Table 1).
We limited the costs to the maintenance of reme-
dies and the benefits to the value of moose meat
(i.e., the predominant economic benefit of hunt-
ing in Norway).

We assumed an average winter with 58
moose–train collisions. As 2.5 times more moose
were killed per km along remedy sections than
elsewhere before the application of remedies, we
expected 42 moose to be killed yearly along the
51.2 km of remedy sections.

If feed was applied to 18 km of the study area, a
40% reduction in moose collisions compared to
expected collisions suggests that 5.9 moose were
saved yearly due to feeding. If clearing was applied
to 18 km of the railway, a 49% reduction in moose
collisions due to clearing suggests that 7.2 moose
were saved yearly. If this
much meat was sold, the
net benefit would be
US$8,260 and US$10,080
due to feed and clearing,
respectively.

Supplemental feeding
in the study area costs
on average US$18,000 a
year (applied to 18 km),
while maintenance of
clearings cost approxi-
mately US$9,000 a year
(US$500 per km;
Storaas et al. 2001). We
found that forest clear-
ings are profitable,
while feed yields a
deficit (Table 1). How-
ever, initially clearing a
forest costs approxi-
mately US$5,500 per
km, and the cost and
benefit do not necessar-
ily accrue to the same
person or agency.

DISCUSSION
Our analyses showed that remedial actions were

allocated to high-risk sections where the number
of accidents in general was higher than control
sections. Within remedial sites, however, there was

Fig. 2. The effect of various remedial actions against
moose–train accidents in Rendalen and Stor-Elvdal municipal-
ities, Hedmark County, Norway, Jul 1990–Apr 2003. The esti-
mates are the back-transformed deviations between the ob-
served (O) and expected (E) numbers, (i.e., Oi,t/Et). A value of
1 indicates that the number of collisions was as expected that
year, according to the yearly variation. Black and white mark-
ers represent periods with and without the application of reme-
dies, respectively.

Fig. 3. Number of moose-train collisions per year in control sections (open circles) and sites
allocated to remedies (black circles) in Rendalen and Stor-Elvdal municipalities, Hedmark
County, Norway, from July 1990 through April 2003. Note that the site-specific deviation
between these 2 was the response in our analyses. The linear predictor was positive in con-
trol sections (dotted line: F1,16 = 5.42, p = 0.033) and constant in remedy sections (continu-
ous line: F1,16 = 0.18; p = 0.676). Removing the 2 outlying years with very few expected num-
ber of collisions (1988 and 1989) did not have any substantial effect on the analysis.
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a reduction in number of accidents compared to
control sections. Remedies prevented the general
increase in collisions that we observed in control
sections. We are confident that the reduced colli-
sion rate was due to the applied remedies since
the beneficial reduction in collisions took place in
30 out of the 31 analyzed sites.

Scent-marking showed the highest average effect
(85%) on reducing the number of collisions. In an
experimental study, Lutz (1994) was not able to
show that Duftzaun® reduced the number of un-
gulate-vehicle accidents in the long term. The
high variation in our estimates of the success of
scent might be due to the remedy being applied
only in 500-m long distances. Such short distances
yield small and accidental numbers of collisions
and thus high variation. Scent-marking is, how-
ever, a method that might be worth pursuing if ap-
plied over longer distances or in combination with
other treatments, such as forest clearing.

Forest clearing was applied for various distances
along the train track, and its beneficial effect in re-
ducing collisions was similar to what was found
previously for moose–train collisions in Norway
(Jaren et al. 1991). Forest clearings not only hin-
der the animal from browsing near the road/rail-
road but also reduce the time spent near roads or
rail-lines since the animals move straight across the
clearing (Jaren et al. 1991). Furthermore, forest

clearings increases the visibility of moose for the lo-
comotive conductor (or car–driver; Bashore et al.
1985).

Supplemental feeding of ungulates has fre-
quently been applied as an emergency measure
during hard winters (Cederlund 1982, Ozoga and
Verme 1982, Baker and Hobbs 1985, Boyce 1989,
Aagnes and Mathiesen 1995, Ouellet et al. 2001)
and reduced the number of mule deer-vehicle col-
lisions (Wood and Wolfe 1988). Our results suggest
that feeding stations located at the side-valleys that
guide moose to their winter range in Østerdalen
might reduce collisions along the outlet of the val-
ley. This might occur because fewer moose migrate
all the way to the winter range, or they postpone
their migration and thus spend a shorter time in
the risky areas. However, feeding might only have
a beneficial effect in certain areas characterized,
for instance, by migration. The use of feeding sta-
tions by moose and its effectiveness at reducing
forest damage has been described elsewhere (Gun-
dersen et al. 2005). Hence, feeding stations might
actually alter moose behavior in ways that are ben-
eficial for industrial forestry and moose–vehicle ac-
cidents. The effect of feeding stations probably de-
pends strongly on their location. Consequently,
knowledge about the spatial distribution of local
moose population is crucial. More studies on the
allocation of feeding stations are needed.

The 3 methods applied were not instituted with
a predetermined experimental design but rather
as a practical experiment to reduce collisions.
However, the application of several different treat-
ments within the same general area provided an
opportunity to compare the effect of various tech-
niques. Complications arose, however, due to the
yearly variation in winter conditions associated
with the number of accidents. For this reason, we
analyzed the yearly difference in the number of ac-
cidents within remedy sections (observed) and the
number of accidents in control sections (ex-
pected). Furthermore, the number of collisions
was highly site-specific (Gundersen et al. 1998)
which hampers the comparison between remedies
applied in different sites. However, the replicates
(3–20) of each remedy may reduce some of the
temporal site-specific factors that might confound
the analyses, whereas the constant innate factors
of site are taken into account as a random factor.

Other remedies have been suggested and ap-
plied in an attempt to reduce ungulate–vehicle ac-
cidents (see Bruinderink and Hazebroek 1996,
Romin and Bissonette 1996, and Putman 1997 for
reviews). For a remedy to have any effect it must

Table 1. A breakdown of the economics of remedies, assum-
ing the number of moose killed per km in the remedy sections
before application of a remedy. We calculated the costs and
benefits based on 18 km, as this was the length applied with
feed. Income per moose was limited to meat value.

Suplemental Forest
Description feeding clearing

Background numbers
Moose killed / km and year 0.82 0.82
Length of application (km) 18.0 18.0
Costs of remedy (per km)a 1,000 500
Efficiency of remedy 40% 49%
Number of moose savedb 5.9 7.2

Economic calculations
Cost per year (US$) 18,000 9,000
Total income (US$)c 8,260 10,080
Total Profit (US$) –9,740 1,080
Profit per km (US$) –541 60

a Costs associated to supplemental feeding are actual val-
ues (K. Nicolaysen, Stor-Elvdal Landowner Organization, per-
sonal communication), while cost of forest clearing and meat
income (US$1,400 per moose) are approximate values
(Storaas et al. 2001).

b The number of moose saved is the product of moose killed,
length of application, and efficiency of remedy.

c Total income is the product of income per moose and num-
ber of moose saved.



J. Wildl. Manage. 69(3):2005 1131MOOSE–TRAIN COLLISIONS • Andreassen et al.

prompt the animal to run away or otherwise
change its behavior. Fencing is presumably the
most effective way to prevent ungulate–vehicle
accidents (e.g., Falk et al. 1978, Ludwig and
Bremicker 1983), but its application is limited be-
cause it is expensive (Reed et al. 1982). The main
problem with erecting a fence, however, is that it in-
terferes drastically with the animals’ normal move-
ment patterns. Well-built bypasses, under, over, or
at ground level limit the interference with the ani-
mals’ movements (Reed et al. 1975, Reed 1981,
Lehnert and Bissonette 1997), but they increase the
economic costs considerably (Reed et al. 1982).

Our results suggest that remedies to reduce un-
gulate-vehicle accidents are generally beneficial, but
they do not completely eliminate collisions. The re-
duction of such accidental mortality gives wildlife
managers more predictable estimates of the popu-
lation size when, for instance, planning hunting
quotas. Reducing accidents might have substantial
economic benefits (Jaren et al. 1991). There seems
to be a net economic benefit of remedies according
to our simple calculation; however, a more detailed
and long-term, bio-economic analysis is needed. For
instance, forest clearing is expensive to initiate, but
it has a low maintenance cost and may be beneficial
over the long-term. The long-term economic profit
of remedies that we analyzed should be compared
to the building of fences and bypasses that can be
comparatively costly. A bio-economic approach
should preferably include a cost–benefit analysis at
the level of landowners, local community, and na-
tional society. This is important since collisions
mean not only a loss of meat and hunting revenue
at the local level but also more widespread costs
such as personal stress and injuries.

MANAGEMENT IMPLICATIONS
Due to temporal and spatial differences in the

application of the remedies, we can not strongly
recommend 1 remedial action over another. Al-
though scent-marking showed the best average ef-
fect, it was highly variable and the technique was
questioned by Lutz (1994). Supplemental feeding
seemed to be beneficial, but it is expensive on a
yearly basis. Forest clearing may be more economi-
cal from a long-term perspective because initial cut-
ting is the main expense. Whatever remedial ac-
tion is chosen, we expect the best results when it is
applied over long distances because the high-risk
areas change considerably from year to year and
may be unpredictable (Gundersen et al. 1998).

However, the selected mitigation also has to de-
pend on the impact on the whole ecological com-

munity. For instance, forest clearing may affect the
mobility of species that need cover to move safely,
and feed increases browsing considerably close to
feeding stations (Gundersen et al. 2005) with un-
known consequences for the forest community or
the economic consequences for the landowner.
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Trains kill more than 800 antelope and deer 
on Montana tracks this winter 
March 06, 2011 1:26 pm  •  By the Associated Press 

GREAT FALLS - Hundreds of pronghorn antelope and deer have been killed by trains in 
Montana this winter after herds gathered on tracks to escape deep snows, a state wildlife official 
says. 

Mark Sullivan, of Fish, Wildlife & Parks, said that a train recently killed about 270 pronghorn 
antelope near Vandalia in northeastern Montana, and 18 deer were found dead on the tracks by a 
grain elevator near Chinook. 

Many antelope not killed by the impact had be destroyed by Blaine County authorities. 

"To hunt and shoot animals is just different than shooting wounded animals like that," Blaine 
County Undersheriff Pat Pyette told the Great Falls Tribune. "You're close to it. You can look 
into their eyes. We see a lot of things, but (the deputy) was sick to his stomach after that." 

Sullivan said hundreds of animals have been hit on Montana's Hi-Line. 

"This is an exceptional winter on the Hi-Line," he said. "The numbers are getting close to 800 
animals reported, and I'm sure there are a fair number of animals killed by trains that we don't 
know about." 

Burlington Northern Santa Fe spokesman Gus Melonas said because of the deep snow, the 
company this year is working with state officials to track deer and antelope deaths. He said the 
company has always worked with Glacier National park to track the number of moose and bears 
killed by trains. 

"The trains are designed to blow away the light snow, so to those animals it's clear ground for 
them," Melonas said. "Because of the weather, the animals migrated to the path of least 
resistance, and that's the railroad, unfortunately." 

He said railroad truck drivers are called in to scare animals away from tracks when train 
operators spot a large herd. Also, he said, the company is trying not to leave grain and corn that 
might attract deer and antelope to the tracks. 

The winter in general has been tough on wildlife, Sullivan said, and a prediction of a cold and 
snowy March has wildlife managers concerned. 



"These animals have been fighting winter since November," he said. "How the spring is will 
have a lot to do with how many animals make it out alive." 

Craig Miller, a biologist with the Bureau of Land Management, has tracked pronghorn migration 
for the last four years. He said he has lately spotted scattered groups of animals rather than the 
herds of hundreds he saw at the start of the winter. 

"Perhaps they've broken into smaller groups, but I have a feeling that winter kill is going to be 
pretty high," he said. 

Wildlife managers plan flights in April to count deer, and in July will count antelope when the 
animals return to summer feeding grounds. The number of hunting licenses will be set based on 
those numbers. 

"I'm sure we'll be dropping our license numbers a fair amount so the animals can rebuild," 
Sullivan said. 
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GRIZZLY BEAR MORTALITY AND HUMAN ACCESS IN BANFF AND YOHO 
NATIONAL PARKS, 1971-98 

BRYON BENN, Faculty of Environmental Design, University of Calgary, 2400 University Drive, Calgary, AB T2N 1 N4, Canada 
STEPHEN HERRERO, Faculty of Environmental Design, University of Calgary, 2400 University Drive, Calgary, AB T2N 1 N4, 

Canada, email: herrero@ucalgary.ca 

Abstract: We conducted spatial and temporal analyses to examine the relationship between access, changing grizzly bear management strategies, 
and grizzly bear (Ursus arctos) mortality for 1971-98 in Banff and Yoho National Parks, Canada. We summarized mortality by cause of death, sex, 
age, and cohort. The annual number of grizzly bear deaths declined significantly between 1971-84 and 1985-98. However, the female portion of 
this mortality was 80% from 1985-98 compared to 50% during the earlier period. Human-related causes were the primary sources of recorded 
grizzly bear mortality in the study area (119 of 131 known mortalities). Control of problem bears accounted for 71% of 119 known human-caused 
mortalities, followed by highway and railway mortalities (19%), unknown cause of death (9%), and research (<1%). All 95 human-caused mortali- 
ties with known accurate locations were within 500 m of roads or 200 m of trails. Eighty percent of these mortalities occurred below 2000 m. Kills 
were concentrated at Banff townsite, Lake Louise, and along the Trans Canada Highway. Management of development, trail access, and human food 
and garbage are critical for managing grizzly bear mortality in the national parks. We present specific recommendations. 

Ursus 13:213-221 (2002) 

Key words: access, Banff National Park, Canada, development, grizzly bear, mortality, Ursus arctos, Yoho National Park, zone of influence 

Grizzly bears in Banff and Yoho National Parks are part 
of a regional ecosystem in Canada called the Central 
Rockies Ecosystem (Fig. 1). The Central Rockies Eco- 
system is experiencing intensive exploration and devel- 
opment of coal, oil, gas, and timber reserves. Cattle 
production, housing and highway development, and out- 
door recreation are also increasing. Moreover, present 
attitudes toward the grizzly bear, a potentially dangerous 
animal (Herrero 1985) and competitor with humans for 
food and space (Mattson 1990), challenge human-griz- 
zly bear coexistence. As a result, the grizzly bear is suf- 
fering from continuing habitat degradation and potentially 
unsustainable mortality rates in some regions of the Cen- 
tral Rockies Ecosystem (Herrero et al. 2000). 

Fig. 1. The National Parks of the Central Rockies Ecosystem. 

The national park portions of the Central Rockies Eco- 
system continue to experience increases in human use, 
commercial development, and major transportation ex- 
pansion with the doubling of the number of lanes of the 
Trans Canada Highway through Banff National Park 
(Banff-Bow Valley Study 1996). Grizzly bear hunting 
occurs on most provincial lands surrounding the parks. 
Interagency planning for effective land use at the regional 
scale (Herrero 1994), whereby bears can meet their ener- 
getic requirements and encounters between humans and 
bears can be reduced, may be the best option for reducing 
grizzly bear mortality (Mattson and Knight 1991). 

Natural survival rates for adult grizzly bears in unhunted 
populations are high and consistent (Knight and Eberhardt 
1985, McLellan 1990), whereas young bears die more fre- 
quently of natural causes such as intraspecific aggression 
(Stringham 1983), accidents (Nagy et al. 1983), and nu- 
trition related causes (Nagy et al. 1983, Knight et al. 1988). 
However, tracking natural mortality is very difficult be- 
cause habitat is often remote and heavily forested and 
carcasses are soon scavenged. Nonetheless, natural mor- 
tality is probably a minor cause of adult mortality 
(McLellan et al. 1999). Mortality data from North 
America show that human-caused mortality far outnum- 
bers natural mortality (Craighead et al. 1988, McLellan 
1990, Dood and Pac 1993, Gunson 1995). Historical 
(Storer and Tevis 1955, Noble 1972, McCrory and Herrero 
1982) and recent works (McLellan and Shackleton 1988a, 
Mattson et al. 1996) consistently link the type and degree 
of human land use with grizzly bear mortality. 

Sustainable total and harvest mortality rates for bears 
have been estimated in computer-simulated populations 
(Bunnell and Tait 1980, Harris 1986). However, the 
threshold mortality rate where grizzly bear populations 
begin to decline can rarely be determined precisely. The 

This content downloaded from 128.114.163.7 on Thu, 4 Sep 2014 17:25:02 PM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


214 Ursus 13:2002 

determination of population numbers and vital rates for 
grizzly bears requires long term study, and the number of 
undetected mortalities is typically estimated by inference. 
McLellan et al. (1999) used unreported mortality of 
radiocollared bears from various western cordilleran stud- 
ies to estimate the percentage of unreported human-caused 
mortality. They found that management agencies would 
have only detected 45-51% of human-caused mortality 
of radiocollared grizzly bears. 

Roads are frequently implicated in contributing to in- 
creased grizzly bear mortality. They facilitate access for 
a host of human activities, increase the frequency of ener- 
getically costly flight responses, and increase vehicle re- 
lated mortalities (Mattson et al. 1987, Nagy et al. 1989, 
Gibeau et al. 1996). As well, roadside vegetation may 
attract bears to roads, compounding the risk. At some 
undetermined level of human use, grizzlies, in particular 
established adult females, cease crossing major transpor- 
tation corridors (Gibeau and Herrero 1998). 

We analyzed grizzly bear mortality for Banff and Yoho 
National Parks for 1971-98. Results are discussed be- 
fore and after changes in grizzly bear management strate- 
gies and relative to access. 

STUDY AREA 
The study area was Banff (6,836 km2) and Yoho na- 

tional parks (1,313 km2) (Fig. 1). The vegetation and cli- 
mate for the entire Central Rockies Ecosystem was 
described in Benn (1998). Major transportation corridors 
dissect both national parks. Approximately 58% (4,726 
km2) of the study area is suitable grizzly bear habitat 
(<2,400 m), above which there is little grizzly bear forag- 
ing (Gibeau et al. 2001). Thus, grizzly bear habitat is 
restricted to major vegetated valley systems. Human use 
is also concentrated in these valleys. Zones of human 
influence around trails, roads, and other developments 
occupy about 25% of the suitable habitat (Gibeau et al. 

2001). Grizzly bear population estimates for Banff Na- 
tional Park were 55-85 (G.W. Vroom, 1974, Grizzly and 
wolf observations, Banff National Park, Banff, Alberta, 
Canada) and 60-80 (Gibeau et al. 1996). 

METHODS 
Mortality and translocation databases for grizzly bears 

were supplied by Banff and Yoho National Parks for 1971- 
98. Additional mortality records came from other wild- 
life files provided by Parks Canada Wester Region Office, 
annual warden and superintendent reports, a consultant's 

report (Millson 1978), and several graduate theses (Noble 
1972, Taylor 1984). Mortalities included dead bears, bears 

translocated to remote areas north and west of the parks 
that were not known to have returned, translocated bears 
that died in other jurisdictions, and bears placed in zoos. 
We used these mortality data to summarize mortality by 
cause, sex, age, and cohort. 

Spatial Analyses 
Locations of bear mortalities were referenced to the 

universal transverse Mercator (UTM) grid to the nearest 
100 m and included a descriptor such as a river, creek, or 
cultural feature. Interviews were conducted with past and 
present wardens and wildlife managers to collect addi- 
tional information about specific mortalities and their lo- 
cations. We classified locations as accurate, reasonable, 
and estimate. Accurate locations had a UTM designation 
to +100 m and a geographic descriptor. Reasonable loca- 
tions were within some stated distance from a known road, 
trail, drainage, or development. Mortalities with estimated 
locations were excluded. 

Digital data containing human access information at a 
scale of 1:50,000 were supplied by Parks Canada. The 
road layer included railway lines and roads open to the 
public and negotiable by 2-wheel drive vehicle. The trail 
layer included roads closed to the public, utility corridors, 
and any other linear access features accessible by hiking, 
mountain biking, or horseback. 

Access and mortality data were entered into a geo- 
graphic information system, MapInfo 4.0 (MapInfo Cor- 
poration, Troy, New York, USA). Zones of influence 
(ZOI) of 500 m and 200 m were set around roads and 
trails, respectively, based on the judgment of the authors. 
Buffer widths of 500 m for motorized roads and 300 m 
for non-motorized trails were used in the cumulative ef- 
fects model for grizzly bear in Yellowstone National Park 
(Mattson 1999). The Central Rockies Ecosystem has 
steeper and narrower valleys than Yellowstone, thus we 
are comfortable with 200 m for non-motorized trails in 
this forested mountain landscape. Road and trail buffers 
were combined into a single coverage and the area of over- 

lap was only calculated once. Mortality locations in the 
area of overlap were analyzed as occurring within road 
buffers because roads were assumed to have a greater ef- 
fect on mortality risk than trails. 

Mortalities were tallied with respect to proximity to 
townsites and commercial tourist operations. We assumed 
that bears were attracted to these areas by the presence of 
food and garbage (Mattson et al. 1987, Weaver et al. 1987). 
This assumption was supported by limited data from mor- 

tality records and discussions with bear managers. 
We recorded the elevation of 95 human-caused grizzly 

bear mortality locations and the elevations of some tour- 
ist destinations and park developments. 
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Temporal Analyses 
We stratified mortality data into 2 periods to relate 

changes in mortality characteristics with changing pat- 
terns of human use and evolving management concerns 
and actions. We chose 1984-85 as the break, although no 
major changes occurred in any single year. Rather, a se- 
ries of events in the early 1980s led to a progressive modi- 
fication in management practices. These events included 
(1) the 1980 Whiskey Creek bear maulings in Banff Na- 
tional Park (A. Westhaver and A. Williams, 1980, Report 
of the superintendent's review team on the bear mauling 
incidents, Banff National Park, Resource Conservation and 
Interpretive Service, Banff, Alberta, Canada; Herrero 
1985), which stimulated improved garbage management 
and increased efforts at communication and public edu- 
cation with respect to bears, (2) closure of the Banff land- 
fill in 1981, and (3) commencement of fencing of the Trans 
Canada Highway from Banff's east park gate in 1983. 
Also, we recognized that it would take a few years for the 
bear population to adapt behaviorally to events such as 
the landfill closure. Finally, for ease of comparison, these 
periods were of equal length (1971-84, 1985-98). The 
Mann-Whitney U-test was used to test for differences in 
the annual number of grizzly bear deaths between peri- 
ods, with ca = 0.05. The following hypotheses were tested: 
* Ho,: The annual number of grizzly bear mortalities in 
Banff and Yoho National Parks did not decline 
significantly from 1971-84 to 1985-98. 
* Ho: The annual number of problem grizzly bear 
mortalities in Banff and Yoho National Parks did not 
decline significantly from 1971-84 to 1985-98. 

Finally, we analyzed cause of death by seasons. We 
used 3 seasons of importance to bears (Apr-Jul = pre- 
berry, Jul-Oct = berry, Oct-Dec = post-berry). 
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RESULTS 
We collected 108 and 11 records of human-caused mor- 

tality from Banff and Yoho National Parks, respectively. 
The average annual mortality was 4.3 grizzly bears/year, 
with peaks of 15 recorded deaths in 1972 and 13 in 1980 
(Fig. 2). 

Management actions and vehicle and train collisions 
accounted for 71% and 19%, respectively, of the 119 hu- 
man-caused grizzly bear deaths. The remaining 10% in- 
cluded 1 research related incident and 11 deaths from 
unknown causes. In addition to mortalities recorded within 
Banff and Yoho National Parks, at least 7 research griz- 
zlies known to use Banff and Yoho National Parks were 
killed in British Columbia and Alberta (M.L. Gibeau and 
S. Herrero, 1998, Eastern Slopes Grizzly Bear Project, 
Year 4-1997, Progress Report for the Eastern Slopes Griz- 
zly Bear Project Steering Committee, Calgary, Alberta, 
Canada). We knew the sex and age of 83 dead grizzly 
bears (Table 1). Adult females and dependent young (cubs- 
of-the-year and yearlings) accounted for 65% of this to- 
tal. Females accounted for 51% of all mortalities of known 
sex since 1971 (Table 1), and even after closure of the 
Banff landfill in 1981, 18 of 22 bear mortalities with sex 
known were female (Fig. 3). An additional 11 mortalities 
were unclassified as to sex during this time. 

Of 85 problem wildlife mortalities, 64.7% were de- 
stroyed and 35.3% were handled for translocation pur- 
poses. Fifteen of the grizzlies handled died accidentally, 
and 15 were translocated. Five of the translocated bears 
were placed in the Calgary Zoo and 5 died in Alberta 
within 1-2 years of capture (1 shot legally, 2 shot ille- 
gally, 1 problem wildlife, 1 unknown cause). 

Eleven family groups consisting of at least 6 cubs-of- 
the-year and 10 yearlings were destroyed or translocated 
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Fig. 2. Annual human-caused grizzly bear mortalities by type for Banff and Yoho National Parks, 1971-98, (n = 119). PW = 
problem wildlife, H/RR = highway/railway, Other = research or unknown. 
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Table 1. Percent grizzly bear mortality (number) by sex, age, 
and cohort for Banff and Yoho National Parks, 1971-98 (n = 
119). 

Sex Age Cohort 

male 33.9 (40) adult 34.7 (41) dependent 29.4 (35) 
female 35.3 (42) dependent 29.7 (35) adult female 16.0 (19) 
unknown 31.1 (37) subadult 12.7 (16) adult male 15.1 (18) 

unknown 22.9 (27) subadult female 7.6 (9) 
subadult male 1.7 (2) 
unknown 30.3 (36) 

from the ecosystem. This was considered a minimum 
number as 69% of 64 recorded problem wildlife mortali- 
ties were adult females (17) and dependent (cubs-of-the- 
year or yearlings) bears (27). Twenty-one records had no 
sex or age attached. Of 15 vehicle and train collisions 
where the cohort was known, adult males accounted for 
47%, dependent bears 33%, and adult and subadult fe- 
males 20%. 

Spatial Analyses 
All 95 human-caused grizzly bear mortalities, classi- 

fied as having accurate or reasonable locations, occurred 
within zones of influence along roads and trails or around 
human settlements (Fig. 4). Mortality concentrations oc- 
curred at Banff and Lake Louise townsites and along the 
Trans Canada Highway (Table 2). A minimum of 59 
mortalities throughout the analysis period was associated 
with the presence of human food and garbage. 

Eighty percent of all known mortality locations were 
below 1,800 m. The remaining 20% occurred at 1,800- 
2,100 m (Fig. 5). 

Temporal Analyses 
We rejected both Hypotheses 1 and 2. The mean an- 

nual number of mortalities declined significantly from 
1971-84 (x = 7.07) to 1985-98 (x = 1.43; U= 164.5, P 
= 0.0010). The mean annual number of problem wildlife 
mortalities also declined significantly from 1971-84 (x = 
4.93) to 1985-98 (x = 1.14; U= 151.0, P = 0.0066). 

Most mortalities in both periods were problem bears 
(67% during 1971-84; 80% during 1985-98). Although 
the number of problem bear deaths declined during 1985- 
98, the percentage of females increased from 50% to 80%. 
Adult females and dependent bears (cubs-of-the-year and 
yearlings) increased from 66% of the total mortality in 
the early period to 79% during period 2. Only 2 of 22 
highway and railway mortalities occurred in the latter 
period. 

We knew the date of death in 72 instances. More deaths 
(57%) occurred during the berry season (mid-Jul-late Sep) 
than during the pre-berry (35%) and post-berry (8%) sea- 
sons. Seventy-five percent and 58% of 48 dated mortali- 
ties of problem bears occurred during the peak tourist 

Table 2. Types of developments and land uses where 
human-caused grizzly bear mortalities occurred in Banff and 
Yoho National Parks, 1971-98 (n = 95; some sites are tallied 
twice so total is >95). 

Location of kill No. Detail of location 

highway/railway 22 Trans Canada (16), Banff-Jasper (2), other 
(1), railway (3) 

townsite 27 Lake Louise (15), Chateau Lake Louise (7), 
Banff (2), Field (3) 

garbage dump/landfill 19 Banff (15), Lake Louise (4) 
campground 16 
ski resort 8 Lake Louise (3), Norquay (3), Sunshine (2) 
commercial lodge 11 
warden cabin 3 
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Fig. 3. Percent females in annual grizzly bear mortality. Numbers above the bars are the total mortalities with sex known for 
that year. 
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Fig. 4. Grizzly bear mortality locations in relation to roads and trails in Banff and Yoho National Parks, 1971-98. 

season (late Jun-early Sep) and during the berry season, 
respectively. 

DISCUSSION 
The 119 recorded human-caused grizzly bear deaths in 

Banff and Yoho National Parks were considered to be the 
minimum number from 1971-98. Past and present wild- 
life managers suggested that there were probably more 
mortalities than were recorded, particularly during the 
1970s (R. Kunelius, Banff National Park, Alberta, Canada, 
personal communication, 1998; M. Gibeau, Eastern Slopes 
Grizzly Bear Project, University of Calgary, Alberta, 
Canada, personal communication, 1998; D. Poll, Parks 
Canada, Western Region Office, Calgary, Alberta, Canada, 
personal communication, 1998). This large number of 
deaths caused by humans contrasts strongly with the ad- 
jacent and larger Jasper National Park, where in 1975-98 
there were only 39 known grizzly bear mortalities (W. 
Bradford, Wildlife Warden, Jasper National Park, Alberta, 
Canada, personal communication, 1999). 

Problem bear mortality was the most significant cause 
of death for this study. Management interventions helped 
reduce the total number of deaths (male and female) in 
1985-98. However, the percent of female mortalities 
during this period increased from 50% to 80%, and the 
average annual female mortality was still higher than the 
total human-caused mortality target set based on the park's 
population estimate. This human-caused female mortal- 
ity is the highest percent of total human-caused mortality 
reported for over 10 years for any grizzly bear popula- 
tion. As well, the human-caused mortality of dependent 
bears (cubs-of-the-year or yearlings) remained high 
throughout the study. These results may be explained by 
changing habitat use by specific cohorts over time. The 
higher male mortality in the early period was probably 
the result of more male bears feeding closer to people (in 
landfills and unsanitary campgrounds, Noble 1972). With 
the landfill closures and improved camper attitudes and 
garbage management, adult males may have selected habi- 
tats remote from human activity zones. Subadult griz- 
zlies and adult females with young may have been more 
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likely to use habitats near people, presumably to avoid 
adult males (Mattson et al. 1992, Gibeau et al. 1996). Thus, 
they may have been prone to habituation to humans and 
attraction to human food and garbage, increasing their 
mortality risk relative to males (Fig. 3) and their potential 
to be destroyed or translocated as problem animals 
(Mattson et al. 1987). This dynamic was previously de- 
scribed for the Yellowstone Ecosystem (Craighead et al. 
1995). 
The high accidental mortality of bears during manage- 

ment actions was the result of several points. All of these 
incidents occurred in the 1971-84 period. At this time, 
managers had less experience with tranquilizing drugs and 
handling techniques, and attitudes differed regarding ani- 
mal welfare and grizzly bear conservation. We believe 
that all of these factors have improved in recent years. 

Road mortality declined during 1985-98 even though 
traffic volumes increased. We have no definitive data to 
explain this; however, one likely cause is that the high- 
way was fenced in stages to keep wildlife off the high- 
way. Also, traffic became distributed over a 24-hour period 
and may have become so continuous as to act as a barrier 
to bears crossing unfenced portions of the corridor. 

We found that grizzly bears died at low elevations and 
near human settlements and access. Roads, trails, and 
developments are almost always placed in valley bottoms, 
often fragmenting riparian habitats. Similarly, concen- 
trations of kills at settlements and along roads and trails 
occurred throughout the Central Rockies Ecosystem (Benn 
1998) and in other grizzly bear populations (Mattson et 
al. 1987, Nagy et al. 1989, Mace et al. 1996). Gibeau et 
al. (2001) showed that human use and developments re- 
duced the amount of secure habitat for grizzly bears. 
Roads and trails improve access, and when placed in im- 
portant seasonal habitats, increase the potential for nega- 

tive bear-human encounters (McLellan and Shackleton 
1988b). Increased access to the backcountry has been 
shown to alter bear behavior (McCullough 1982, Jope 
1985), increase bear-human conflicts (Dalle-Molle and 
Van Horn 1989), increase the number of grizzly bear re- 
movals (Martinka 1982, Leonard et al. 1990), and dis- 
place certain cohorts, such as females with young (Mattson 
et al. 1987, Gilbert 1989). 

The abrupt decline in grizzly bear mortality into the 
mid 1980s was correlated with closing the Banff landfill, 
improving garbage management, increasing public edu- 
cation regarding living and recreating in bear country, 
improving tolerance of grizzly bears, fencing of the Trans 
Canada Highway, and increasing use of aversive condi- 
tioning techniques over removals. However, the high 
mortality rate of the early period may have depressed the 
park's grizzly bear population. This effect could have 
continued through the 1985-98 period due to a lag effect 
and mortality concentrated in the female cohort. Closures 
of Yellowstone National Park landfills were followed by 
sharp declines in reproductive and survival rates 
(Craighead et al. 1974). 

Finally, we found that a high proportion of mortalities 
occurred during the berry season. In mid-July to early 
October, grizzlies in the Central Rockies Ecosystem feed 
primarily on buffaloberry (Shepherdia canadensis) at 
lower elevation, often along roads and near people. 

Human intolerance, inadequate management of access 
and food attractants, and a high rate of commercial devel- 
opment continue to be important contributing factors to 
grizzly bear mortality in Banff National Park. However, 
specific steps have been taken to reduce human-caused 
grizzly bear mortality. Recommendations by the Eastern 
Slopes Grizzly Bear Project to the Banff-Bow Valley Task 
Force (Gibeau et al. 1996) led to the implementation of 
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an annual human-caused mortality target of <1% of the 
estimated grizzly bear population. Also, habitat effec- 
tiveness targets aimed at supporting grizzly bear habitat 
use have been set for most carnivore management units. 
By implementing measures aimed at reducing potential 
conflicts between humans and grizzlies, human-caused 
grizzly bear mortality and the potential for human injury 
can be reduced. 

There is an urgent need for these measures to be suc- 
cessful in the national parks and the rest of the Central 
Rockies Ecosystem. Because precise measurements of 
population demographic rates are only now becoming 
available, management of mortality must be conservative 
and management plans must consider adjacent jurisdic- 
tions in Alberta and British Columbia (Herrero et al. 1998). 
A recent population and habitat viability assessment work- 
shop predicted both population and habitat declines for 
grizzly bears in the Central Rockies Ecosystem (Herrero 
et al. 2000). Because Banff and Yoho national parks are 
assumed to serve as core refugia for sensitive species such 
as grizzly bears, and because grizzly bear hunting exists 
on most of the land surrounding these national parks, hu- 
man-caused mortality inside the parks must be minimal. 
Ecological integrity is the stated priority of the national 
parks (Banff National Park 1997), and the grizzly bear 
serves as the premier indicator of the health of the terres- 
trial ecosystem (Banff-Bow Valley Study 1996). Manag- 
ing grizzly bear mortality at a level that prevents population 
decline is fundamental. 

MANAGEMENT IMPLICATIONS 
The following recommendations are based on the stated 

goal of Parks Canada to maintain a naturally regulated 
population and distribution of grizzly bears in the moun- 
tain national parks (Banff National Park 1997). These 
recommendations are offered as ways to prevent future 
increases in mortality, to reduce the unnecessary killing 
of grizzly bears, and to assist in the inter-jurisdictional 
management of grizzly bear mortality. 

During the analysis period, a considerable number of 
grizzly bear deaths went unrecorded in official park data- 
bases, and the records were often incomplete. This has 
improved in recent years and must continue to improve. 

There is some variation in the way mortality data are 
classified between jurisdictions in the Central Rockies 
Ecosystem. Park wildlife managers should work with 
managers from other jurisdictions to develop the same 
coding conventions and to clearly define the different 
causes of death. 

Acquiring accurate mortality locations is necessary for 
understanding and managing mortality with respect to 
access, development, and use of the landscape. Mortality 

needs to be monitored in the future to understand the ef- 
fectiveness of management decisions. Additional infor- 
mation needs to be collected such as the distance a bear 
died from an access route or facility, the type of access 
route, the condition of the access route at the time of the 
mortality, the mode of travel of the person(s) responsible 
for the removal of the bear, presence of food attractants 
including natural foods, and what, if any, human behav- 
iors played a role in the mortality. 

Management of garbage and human and pet food con- 
tinues to be a problem around Banff, Lake Louise, and in 
some campgrounds. Effective legislation and enforcement 
should be employed with respect to food and garbage 
handling. All backcountry users should be required to 
store food, garbage, and horse feed in bear-proof metal or 
seamless PVC containers, or effectively elevate attracta- 
nts between trees or isolate camp within an effective por- 
table electric fence. 

To understand the effects that new management strate- 
gies and increases in human use of grizzly bear habitat 
have on grizzly bear mortality and population status, analy- 
ses should be repeated and reassessed in the future with 
more accurate population estimates. 

The use of aversive conditioning programs on roadside- 
and campground-habituated bears, especially females, 
should be increased. On-site releases and aversive condi- 
tioning of many problem bears would reduce the costs 
and risks associated with translocating grizzlies. 

Efforts should continue to inform the public about bear 
activity in high human use areas and to educate the public 
with respect to how to behave in bear country. 

All of these recommendations will require adequate 
funding and administrative support. 
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Abstract

We investigated how habitat fragmentation affects the movement of marked bumblebees between plant patches in a temperate
conservation area in metropolitan Boston, Massachusetts. Our study was conducted on populations of sweet pepperbush (Clethra

alnifolia L. f.) separated by a road and natural woodland, and buttonbush (Cephalanthus occidentalis L.) separated by a railroad.
Bumblebees showed high site fidelity and only rarely crossed roads or railroads. When bees captured at one sweet pepperbush
population were moved across a road to a new sweet pepperbush population and released, they returned to their original site, some
within 20 min of their capture. When all inflorescences were removed from one sweet pepperbush patch, most bees moved to

another sweet pepperbush population on the same side of the road. The results show that while bumblebees have the ability to cross
a road and railroad, these human structures may restrict bumblebee movement and act to fragment plant populations because of
the innate site fidelity displayed by foraging bees. Moreover, marked bees were almost never observed to move between populations

unless they were displaced, or forced to seek additional forage sites. # 2002 Elsevier Science Ltd. All rights reserved.

Keywords: Habitat fragmentation; Bumblebees; Bombus; Clethra alnifolia; Anthropogenic barriers; Pollination

1. Introduction

Animal movement is important for the pollination
and seed dispersal of plants. Fragmentation of habitats
by roads, railroads, fields, buildings and other human
activities can restrict animal movement (Mader, 1984;
Didham et al., 1996; Forman and Alexander, 1998). If
animals are unable to cross such barriers, they may not
obtain sufficient nectar, pollen, and fruit resources to
survive. Flowers may remain unvisited and fruits
undispersed, leading to declines in gene flow (Oos-
termeijer et al., 1994; Westerbergh and Saura, 1994) and
seed production and the eventual decline of plant popu-
lations (Jennersten, 1988; Lamont et al., 1993; Noder-
haug, 1995; Steffan-Dewenter and Tscharntke, 1999).
Habitat fragmentation is becoming more of a danger

to the persistence of plant populations due to an ever-
increasing human population, and an increasing altera-
tion of the natural environment (Saunders et al., 1991).

Despite the recognized impact of habitat fragmentation
on plant–pollinator interactions (Aizen and Feinsinger,
1994a,b; Steffan-Dewenter and Tscharntke, 1999), few
field studies have been conducted on how artificial bar-
riers affect pollinator movement. Evidence from frag-
mented forests in Brazil suggests that some understory
butterflies (Lovejoy et al., 1986) and euglossine bees
(Powell and Powell, 1987) may not readily cross pas-
tures. Yet it is generally unknown how roads con-
structed across a landscape affects pollinator movement.
Bumblebees in the genus Bombus and related genera

are important pollinators of numerous temperate plant
species (Heinrich, 1976, 1979a). Therefore, it is valuable
to document how habitat fragmentation affects bum-
blebee movement and thus, plant gene flow. Bumblebees
are known to be strong fliers, and are able to travel
considerable distances (Heinrich, 1979a; Osborne et al.,
1999); they are certainly capable of crossing a human-
dominated landscape interwoven with barriers such
as roads and railroads. But do landscape elements
such roads or railroads restrict bumblebee movement in
their normal foraging activities, or will bumblebees
cross such features as they would any other intervening
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space of natural habitat? If captured in one plant patch
and released in another patch of the same species, will
bumblebees cross a roadway or natural barrier to return
to their original site or adopt the new patch as a forag-
ing site? Will bumblebees forced to move from a site
where all flowers have been removed, seek out replace-
ment forage sites located across a road, or will they tend
to relocate to new sites on the same side of the road as
their original forage site? Such questions are critical to
understanding the ability of pollinator and plant popu-
lations to persist in a fragmented landscape.
Bumblebees show high vagility and are known to dis-

play flower constancy and high site fidelity (Heinrich,
1976; Osborne and Williams, 2001). Therefore, it would
be important to discern how habitat fragmentation
superimposed on this behavior affects their foraging
activity. We hypothesized that bees would be more
likely to move between sites separated by natural habi-
tat than sites separated by a road. To test this hypoth-
esis we conducted a series of experiments using marked
bumblebees in a suburban forest habitat.

2. Methods

2.1. Study location, plant species and bumblebee species

The study was conducted at the Webster conservation
area (N 42� 190 33.100, W 71� 100 31.900), a deciduous
temperate woodland, located in Newton, Massachu-
setts. The study focused on a small (�1225 m2) wetland
population of buttonbush (Cephalanthus occidentalis L.,
Rubiaceae) divided into two fragments (sites A and B)
by a raised 14 m wide railroad bed, and scattered moist
woodland populations of sweet pepperbush (Clethra
alnifolia L. f, Clethraceae; Fig. 1) on either side of a 4-
lane, 14 m wide road, the Hammond Pond Parkway.
The four sweet pepperbush study populations are refer-
red to as sites I, II, III and IV, with site I located on one
side of the road and the remaining three sites on the
other side of it (Fig. 1).
Buttonbush is a deciduous shrub that ranges in height

from 1 to 4 m, and bears small white tubular flowers
clustered on ball shaped inflorescences. Sweet pepper-
bush is a tall deciduous shrub that ranges in height from
1 to 3 m or more, with small white fragrant flowers
borne on terminal racemes 5–15 cm long. Both shrub
species are frequently visited by bumblebees, which are
the primary pollinators of sweet pepperbush (Hemi-
ngson, 1986). In buttonbush, cross-pollination is known
to enhance fruit set greatly compared to self-pollination
(Imbert and Richards, 1993). The term ‘bees’ or ‘bum-
blebees’ referred to in this paper are worker bees of
Bombus impatiens and B. affinis, and also include several
(3–15%, depending on site and year) carpenter bees
(Xylocopa species). For all observations and experiments,

counts of bumblebees reported include only those bees
whose tag numbers could be read.

2.2. Mark and recapture of bees

In July 1997, 93 bees were captured on the button-
bush plants in both fragments (Table 1), cooled to make
them passive and marked with Opalithplättchen or
numbered plastic tags (Kearns and Inouye, 1993) glued
to their thorax. Marked bees were returned to the shrub
where they were originally captured within 10–20 min of
capture. The area was surveyed for marked bees for 1–2
h on 6 days over a 2-week period.
In August of 1997, 137 bumblebees were marked at

four sweet pepperbush sites designated ‘‘site I’’, ‘‘site
II’’, ‘‘site III’’ and ‘‘site IV’’ (Fig. 1), with most bees
captured from site I and site II (Table 1). Sites were
separated from each other by a road or by intervening
forest. The sites were observed for 0.5–1.5 h for 5–6
days over a 7–9 day period. In late July and early
August of 1998, 137 bees were marked but only at sites
I and II that are separated by the Hammond Pond
road.

2.3. Bee displacement experiments

In late July of 1998 and early August of 1999, we
captured bumblebees at the site I sweet pepperbush
population, marked them, and then released them at site
II located across the road. In 1999, we conducted a
similar displacement of bees from site II to site I. Reci-
procal displacements were also carried out between site
II and site III located within the woods and separated
by trees and shrubs (Table 2). After the displacement of
bees, the original capture sites were monitored for a
total time range of 205–570 min (depending on site)
over a 4-day period to determine how many bees
returned to their capture site. A Chi-Square test was
performed to determine whether fewer bees returned to
their original site when separated from it by a road than
when separated by natural, woodland habitat.

2.4. Experiment where bees are forced to seek new
forage sites

In mid August 2000, we marked 102 bees at the sweet
pepperbush site II. After marking the bees, we removed
all flowers from the plants at that site in order to force
bees to seek additional forage sites. We hypothesized
that bees would be more likely to move to replacement
populations separated from site II by natural woods
rather than seek populations located across a road.
Nearby sweet pepperbush sites (I, III and IV) and a field
with flowering purple loosestrife (Lythrum salicaria L.,
Lythraceae)—a major weed of wetlands in temperate
North America—were monitored on 6 days over a 9 day
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period for a total time range of 15–500 min (depending
on site) for marked bees.

2.5. Site differences between sites I and II

Most of our experiments centered on the two bigger
sweet pepperbush sites (I and II) separated by a road.
Therefore, we decided to examine if these sites differed
in aspects of inflorescence density that might determine
bee visitation rates. Although fruit/seed set provide
direct assessment of successful pollinator visits, we did
not measure this, as fruit set is very high in sweet pep-
perbush (Jordan and Hartman, 1995). Since pollinator
visitation is a function of plant density (Kunin, 1997),
in 1998 we demarcated four quadrats (25 m2 each) at
site I and 11 quadrats of similar size at site II to census
bees and record visitation rates of pollinating bees per
quadrat at these sweet pepperbush sites (Fig. 1). Fewer
quadrats were demarcated at site I because thick growth
of the thorny greenbrier vine, (Smilax rotundifolia L.,
Liliaceae) hindered movement outside the marked quad-
rats. At site II, 11 quadrats were demarcated at the center
of the population and to one side of the trail as fewer bees
were seen at the peripheral plants of the population. Bees
were censused on 8 days over a 12-day period from late

July to early August. Observation sessions lasted 5 min
per quadrat. Inflorescence density (number of inflor-
escences present per quadrat) was also determined at both
sites. A Mann–WhitneyU test was conducted to compare
both sites on inflorescence density per quadrat.
In 2000, we counted the number of inflorescences on

randomly selected plants at sites I and II. Sweet pep-
perbush plants primarily propagate vegetatively
through the regeneration of clonal sprouts (Jordan and
Hartman, 1995); therefore in a given area several ramets
could belong to the same genet. To avoid picking stems
belonging to the same genet, we randomly selected 20
single stems separated by a distance of 2 m or more in
the general area of the demarcated quadrats at sites I
and II to represent single plants (Fig. 1). This was done
prior to the flower removal experiment. A t-test (two
tailed) for independent samples was performed to
determine if the two sites differed for mean inflorescence
count per plant. We also determined if the two sites
differed in bee visitation rates. On each of these plants we
further selected one inflorescence (of similar size and
number of open flowers) and counted the number of
bumblebee visits to it during a 5-min observation session.
Bumblebee visits per inflorescence per 5-min observa-
tion session were monitored between 13:30–16:50 on 4

Fig. 1. Location and approximate area of sweet pepperbush populations (sites I–IV) in wetland patches in the Webster conservation reserve.

Hatched areas at sites I and II show observation quadrats.
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August and 9:50–13:05 on 5 August 2000 for site II, and
between 13:45–17:05 on 5 August and 9:00–13:30 on 8
August 2000 for site I.

3. Results

3.1. Observation and movement of marked bees across
barriers

Of the 367 bees marked at all sites in 1997 and 1998,
31% were observed again on subsequent days (Table 1).
These recapture rates conform to other studies of
marked bees (Kwak et al., 1991; Dramstad, 1996;
Osborne and Williams, 2001).
Marked bees were almost exclusively observed at the

patches where they were originally captured, marked
and released. Only three bees were observed at sites
other than where they were marked (Table 2). In 1997 at
the buttonbush sites, two of the 80 bees marked on the
north side of the railroad tracks (site A) were subse-
quently observed on the south side of the tracks (site B)
foraging on purple loosestrife. Bees marked on the
sweet pepperbush plants that year were only observed at
the original sites where they had been marked over the
course of several weeks. In 1998, the 137 bees marked at
the sweet pepperbush sites also showed the same site
fidelity with one exception. A single bee (W9) marked at
site II was observed 130 m away at a large patch of pur-
ple loosestrife, separated by intervening forest (Fig. 1).

3.2. Bee displacement experiments

Twelve (48%) of the 25 bees caught at site I in
1998, marked, and released 20 min later at site II,
were observed again (Table 2). One of these bees was later
observed foraging at site II. The remaining 11 bees were

observed again only at site I, one of which was observed
there only 20 minutes after being moved to site II.
In the 1999 experiments involving reciprocal dis-

placement of bees between sites separated by a road
(sites I and II) versus sites separated by natural forest
(sites II and III), 36–59% of the displaced bees were
observed again. Only two bees, one each from sites I
and II were observed foraging at their site of release.
The remaining 31 bees observed had crossed back to
their original capture site. The reciprocal displacement
between sites II and III showed a slightly greater ten-
dency of bees to forage at the new site. One bee from
site II continued to visit site III, while three bees
from site III continued to visit site II. Of these three
bees displaced from site III to site II, one bee (B37) was
observed on subsequent days to forage at both its
release and capture sites.
There was no significant difference between the effect

of a road (separating site I and site II) or natural
woodland (separating site II and site III) on bee move-
ment between site of release and site of capture
(�2=1.92, df =1, P-value > 0.05). However, the power
of the test was low (1��=0.28). Contrary to our pre-
diction, our results show a trend, albeit non-significant,
for fewer bees to travel back to their original site when
the sites were separated by forest than when separated
by a road.

3.3. Response of bees forced to seek new forage sites

Of the 102 bees marked at site II from where all
flowers were subsequently removed, 12 bees were
observed again (Table 2). Eleven of the 12 bees observed
were seen on sweet pepperbush plants located at sites on
the same side of the road as site II (Fig. 1). Of these,
seven were seen at site IV, which is located 35 m away
from site II. One bee was seen at site III where not more

Table 1

Number of bees (Bombus and Xylocopa) marked and observed later at study sites (excludes bees from the displacement and flower removal

experiments)

Site Number of bees marked Number of marked bees observed Fraction of marked bees observed

1997 1998 1997 1998 1997 1998

Buttonbush

A (north) 80 – 18 – 0.23 –

B (south) 13 – 0 – 0.00 –

Total 93 18 0.19

Sweet pepperbush

I 55 82 19 37 0.35 0.45

II 59 55 18 18 0.31 0.33

III 12 – 4 – 0.33 –

IV 11 – 1 – 0.09 –

Total 137 137 42 55 0.40 0.40

40 M. Bhattacharya et al. / Biological Conservation 109 (2003) 37–45



Table 2

Bumblebee movements across anthropogenic barriers at the Webster conservation area (the number of bees marked at each site are denoted in parentheses)

Direction of bee movement Year Number of marked

bees observed across

barrier

Barrier (width m) Fraction of recoveries

to marked bees

observed across barrier

Number of marked

bees displaced to

release site

From site: To site:

Buttonbush

A (80) B (13) 1997 2 Railroad (14 m) 0.11 –

Sweet pepperbush

Site II (55) Field (0) 1998 1 Natural forest (130 m) 0.02 –

Bee displacement experiment

Capture site Release site

Site I (25) Site II 1998 11 Road and Natural forest (14+70 m) 0.92a 1

Site I (46) Site II 1999 20 Road and Natural forest (14+70 m) 0.95 1

Site II (46) Site I 1999 26 Road and Natural forest (14+70 m) 0.96 1

Site III (35) Site II 1999 17 Natural forest (40 m) 0.85 3

Site II (33) Site III 1999 11 Road and Natural forest (14+70 m) 0.92 1

Flower removal experiment

Capture and release site Observation site

Site II (102) Site I 2000 1 Natural forest (40 m) 0.08 –

Site II (102) Site III 2000 1 Natural forest (40 m) 0.08 –

Site II (102) Site IV 2000 7 Natural forest (35 m) 0.58b –

Site II (102) Patch near site II 2000 1 Natural forest (20 m) 0.08 –

Site II (102) Site II 2000 2 – – –

a At this site, 11 of 12 (92%) marked bees observed had moved back to their original site.
b Of the 12 marked bees observed from those tagged at site II, seven (58%) were observed at site IV after flower removal at site II.
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than 2% of the plants were flowering that year, and one
bee was seen at a small patch of plants adjacent to the
flowerless site II. Only a single bee was observed across
the road at site I (located 84m from site II), which was
flowering strongly. Two of the marked bees were seen to
return to site II where we had missed removing flowers
from one plant.

3.4. Differences between site I and site II

Sweet pepperbush sites I and II did not differ sig-
nificantly in the density of inflorescences, but site I had
higher bee visitation rates compared to site II. In 1998,
mean inflorescence density per quadrat between sweet
pepperbush site I and site II (Table 3) did not differ
significantly (U=16, P=0.47). However, site I had on
average almost double the number of bee visits per
quadrat compared to site II. Similarly, in 2000, mean
inflorescence count per plant between sites I and II did
not vary significantly (tstat=0.70, df=29, P-
value=0.49). However, overall bee visitation rates to
inflorescences from morning to late afternoon over the
course of 2 days in 2000, were significantly higher at site
I compared to site II (Table 3).

4. Discussion

4.1. Artificial and natural barriers

Regardless of the distances (35–110 m) that separate
sweet pepperbush patches, or the presence of a natural
or artificial barrier between them, none of the bees
marked at any of the sweet pepperbush sites were
observed to move on their own among patches. The
high site fidelity of foraging bees was particularly unex-
pected at site III, which had very few inflorescences in
1997, and is located only 37 and 40 m from the larger
sites I and II, respectively (Fig. 1). These observations
match similar reports, where no bees were observed to

cross a gap of 4–8 m separating two forage sectors
within a patch (Comba, 1999). Rasmussen and Brøds-
gaard (1992), report 2.6% of bumblebees moved
between patches separated by distances of 10–40 m,
while Osborne and Williams (2001) report a slightly
higher percentage of bumblebee movement (12–14%)
between patch groups in an experimental area. We
failed to observe inter-patch movement possibly because
of the greater distances separating our study patches.
Bumblebees appear to be reluctant to cross barriers

unless floral resources at their forage sites are declining
or have been removed. We observed no instances of bee
movement from one population of plants to another of
the same species. The two bees that moved from but-
tonbush site A to site B were leaving an area with
declining floral resources and moving to an area
with abundant purple loosestrife flowers. A bumblebee
(W9), which moved from the sweet pepperbush site II to
an open field, was also observed to be visiting purple
loosestrife flowers (Table 2). These instances of bee
movement to purple loosestrife may reflect the need for
bees to seek new floral resources as their current forage
plants finish flowering and they shift their ‘‘majoring’’
to other flowering plants (Heinrich, 1979b). The
response of bees forced to seek replacement sites when
flowers at their foraging site were removed, shows bees
tend to move to new flower patches of the same species
available nearby. They likely expend less energy in
moving to nearby familiar forage flowers, compared to
looking for new species of flowers and learning to work
them. We observed fewer marked bees in this experi-
ment (�12%), perhaps due to survey constraints spread
over a much wider area. Since the flowers at site II were
removed during the peak of flowering, the bees probably
did not make the gradual transition from declining floral
resources to a new species of flowering plants, and pre-
ferred to switch to nearby sweet pepperbush patches
instead. Only one bee was observed at site I located
across the road on one day, which shows bees are capable
of crossing barriers to look for familiar forage plants.

Table 3

Mean (�1 S.D.) visitation rates of marked and unmarked bumblebees on sweet pepperbush plants, and inflorescence counts per quadrat at sites I

and II in 1998, and mean (�1 S.D.) visitation rates of bumblebees and inflorescence count per plant in 2000

Sweet pepperbush

sites

1998 2000

Na Bumblebee visitor Nb Inflorescence count

per quadrat

Na Bumblebee visits

per inflorescence

Nc Inflorescence count

per plant

Unmarked Marked

I 156 4.52�2.85* 1.77�0.96* 4 403.75�230.85 93 2.68�2.58* 20 22.65�3.90

II 28 2.21�1.62* 0.43�0.57* 11 316.91�237.27 80 0.90�1.13* 20 28.55�7.49

a Number of 5 min observation sessions.
b Number of quadrats observed per site.
c Number of plants per site.

* P<0.01, t-test for independent samples.
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4.2. Bumblebee displacement

The fact that bees return to their original site after
being experimentally transported between sites show
that roads and railroads are not insurmountable bar-
riers to bumblebee movement. However, the very low
numbers of bees that crossed these barriers without
being experimentally transported (Table 2), underscores
the high site fidelity of foraging bees (Heinrich, 1976;
Bowers, 1985; Dramstad, 1996; Saville et al., 1997;
Comba, 1999; Wesselingh et al., 2000; Osborne and
Williams, 2001). Our observations confirm those of
other studies where bumblebee pollinators mostly
remain site constant regardless of the availability of
equally rewarding (Osborne and Williams, 2001) or
even richer forage patches nearby (Comba, 1999), and
tend to visit closest neighboring plants within patches
(Rasmussen and Brødsgaard, 1992; Comba, 1999). We
did not measure wind direction or wind speed during
bee displacement, although wind is known to influence
bumblebee flights with longer flights downwind than
upwind (Comba, 1999). However, as part of a current
study conducted by the authors, bees displaced 100–500
m from their foraging site in winds of 4–8 mph from all
directions were eventually able to find their way back to
their forage sites, some within 10–15 min. Therefore, in
our displacement experiments it is unlikely that bees
were influenced significantly by winds.
Our observations suggests that although a railroad

and a road are not impassable barriers to bumblebee
movement, they may constrain or discourage bee
movement by contributing to spatial cues that deter-
mine bee site-specific foraging behavior. This may
explain the trend observed for higher numbers of dis-
placed bees to remain at the release site to which they
were moved, when capture and release sites were sepa-
rated by a more homogeneous natural habitat (Table 2).
In uniform habitats, bumblebees react with longer inter-
plant flights and fewer backward turns, and can perceive
environmental landmarks that break the uniformity of
their forage patches (Plowright and Galen, 1985). When
bees reach the edge of a patch most bees turn back and
continue to forage (Rasmussen and Brødsgaard, 1992).
Thus, a road or railroad that bisects a plant population
may be a strong landmark possibly acts as a barrier, as
site-specific bees may turn back from the road and
restrict their foraging to only one fragment of the divi-
ded population.
Site fidelity was also underscored by the rapid return

of displaced bees to their original sites. Feeding site
fidelity was strong enough to propel these bees across a
road back to their original forage site. Bees are known
to follow a fixed flight path to return to their original
forage sites (Heinrich, 1976; Thomson et al., 1987;
Thomson, 1995; Wesselingh et al., 2000). Studies by
Manning (1956) and Kunin (1997) show bees use spatial

cues to return to individual plants and flowers, often
where they have obtained higher nectar rewards (Drei-
sig, 1995; Wesselingh et al., 2000). This suggests that
bees are sensitive to site characteristics. However, the
rapid return of bees to their capture site when released
on the same species of plants at a different site, suggests
site fidelity is a stronger cue in foraging behavior than
flower constancy. Nevertheless, the few bees that did
not return to their original site indicate that bees can
adopt new patches as foraging sites. Perhaps these bees
were young foragers with the flexibility of changing
their traplines to adopt a new or richer forage site. The
fraction (0.08–0.15) of displaced bees for sites II and III
sweet pepperbush patches separated by forest was
almost double that for sites I and II separated by a road
(0.04–0.08; Table 2). Site quality—determined by size of
forage area or inflorescence density—may play a role as
suggested by the adoption of the larger site II by three
bees displaced from the smaller site III to the larger site
II. In contrast one displaced bee from site II adopted
site III.
Although inflorescence density per quadrat or the

number of inflorescence per plant did not significantly
differ between the smaller site I and the larger site II, the
rate of marked and unmarked bumblebee visits appear
to be much higher at site I compared to site II (Table 3).
We did not qualitatively or quantitatively measure nec-
tar or pollen resources at the different sweet pepperbush
sites. However, with fewer bees visiting inflorescences at
site II compared to site I, flowers at site II were expected
to have more nectar and pollen available. Therefore,
bees displaced from site I to site II were expected to
encounter less competition by exploitation or nectar
removal, which should have facilitated their displace-
ment to the more profitable site, and vice versa. This
proved not to be the case. Thus patch size or profit-
ability may not be the only qualities affecting bee dis-
placement. For instance, the road could be a major
landmark for ‘‘traplining’’ bees that facilitates in orien-
tation and recognition of original forage sites.

4.3. Response of bumblebees forced to seek new forage
sites

Bees can traverse roads in their quest for new forage
plants but rarely do so when forage is available owing to
their high site fidelity. This is demonstrated by the
observation of a single marked bee at site I after being
forced to move from site II. However, of the 12 marked
bees observed after flowers were cut at site II, 11 were
seen at sweet pepperbush patches occurring on the same
side of the road as site II and separated from it by nat-
ural woods. The close proximity of site IV to site II may
explain why seven of the 11 bees were seen at site IV,
which is 35 m away from site II. In comparison, site I is
located at 84 m from site II in addition to being separated
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from it by a road (Fig. 1). Yet site I is larger than site IV
and appeared to have more bee visitors (personal
observation) compared to it. However, it has been sug-
gested patch size may not have as strong an effect on
pollinator visitation rate as does flower density (Kunin,
1997) or plant density (Comba, 1999). Although we
didn’t compare inflorescence or plant densities and bee
visitation rates between sites I and IV, the number of
bees visiting site I were much higher compared to site IV
(personal observation). Indeed, site I continued to
attract a higher number of bees compared to site IV,
although it was near the end of its flowering. This could
be due to the sunnier location of site I near the road or
due to the higher production of nectar by the remaining
flowers, either of which were not quantified in our
study. Within site IV, marked bees from site II were
invariably observed within the same forage area of the
population over a number of days. This conforms to
similar observations by Comba (1999). Indeed a section
of the plants at site IV were flowering strongly but had
very few bees perhaps because the plants were under
constant shade. Our observations suggest that bees are
more likely to remain on one side of a barrier if con-
tinuing resources are available there, and will seek new
food sources when the original supply begins to decline.
While bumblebee movement may not be impeded by

habitat fragmentation, habitat loss through activities
such as road construction can definitely result in loss of
potential nest sites for bees—an important issue that
needs to be addressed in future studies on habitat frag-
mentation (Cane, 2001). Further studies on spatial dis-
tribution and variation in plant population genetic
structure at the landscape level, along with detailed
investigations of bumblebee flights and the sources of
origin of pollen carried by bumblebees will help to clar-
ify the effects of habitat fragmentation on pollinator
movement.

5. Conclusions

Bumblebee pollinators are not restricted by barriers
such as roads and railroads at the landscape level, where
normal plant patchiness is comparable to habitat frag-
mentation by artificial barriers. High site fidelity dis-
played by bumblebees may further restrict their
movement more than previously suspected because of
this aspect of their foraging behavior. Although bum-
blebees are occasionally long-distance pollinators
(Heinrich, 1979a), especially where flowers are sparse,
they do not appear to travel between patches frequently
where sizable patches of flowers are available. This
applies even when patches are separated by natural
habitat and the intervening distance is fairly short (30–40
m). When a natural population is divided into two sec-
tions by a road, field, or railroad, individual bumblebees

may tend to treat it as two separate populations and not
readily cross the intervening area. This is particularly
true where each smaller plant population is large
enough to meet their foraging needs. Thus, division of
plant patches by roads and other structures may further
reduce the naturally low frequency of bumblebee
movement between plant patches, leading to lower rates
of visitation in small isolated populations. The result
may have implications for decline in gene flow in frag-
mented populations of plant species that depend on
bumblebee visitation.
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Toxicity to freshwater organisms from oils and oil spill chemical
treatments in laboratory microcosms
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‘‘Capsule’’: Toxicity of oil and diesel fuel to freshwater biota may be increased by use of oil spill cleaning agents.

Abstract

Toxicity and temporal changes in toxicity of freshwater-marsh-microcosms containing South Louisiana Crude (SLC) or diesel

fuel and treated with a cleaner or dispersant, were investigated using Chironomus tentans, Daphnia pulex, and Oryzias latipes.
Bioassays used microcosm water (for D. pulex and O. latipes) or soil slurry (for C. tentans) taken 1,7, 31, and 186 days after treat-
ment. SLC was less toxic than diesel, chemical additives enhanced oil toxicity, the dispersant was more toxic than the cleaner, and
toxicities were greatly reduced by day 186. Toxicities were higher in the bioassay with the benthic species than in those with the two

water-column species. A separate experiment showed that C. tentans’ sensitivity was intermediate to that of Tubifex tubifex and
Hyallela azteca. Freshwater organisms, especially benthic invertebrates, thus appear seriously effected by oil under the worst-case-
scenario of our microcosms. Moreover, the cleaner and dispersant tested were poor response options under those conditions.

# 2002 Elsevier Science Ltd. All rights reserved.

Keywords: Oil; Dispersant; Cleaner; Toxicity; Temporal change

1. Introduction

Most research on the fate and effects of oil entering
the aquatic environment has focused on marine systems,
as most of the large oil spills that have received much
attention and evoked public outcry have occurred in
marine environments. Parallel concern for the fresh-
water environment has lagged behind. However, oil
spills do occur in freshwaters as a consequence of the
many oil-related activities in this environment (Green
and Trett, 1989). Hence, it is important to study impacts
and cleanup options for petroleum spills in freshwater
habitats.
Oil is retained much longer in marshes and other low-

energy environments than on wave-swept coasts (Baca
et al., 1985). Oils have been found in sediments at low-
energy sites as much as 5 years after the occurrence of
spills (Burns and Teal, 1979; Sanders et al., 1980), and
they may be released into the water column long after

the initial spill. Thus water-column species as well as
species inhabiting the sediment may be affected by oil
spilled in low-energy environments. Oil may have various
chronic effects on water-column species. These effects
include neurosensory disruption, behavioral and develop-
mental abnormalities and reduced fertility (Green and
Trett, 1989). Oil spilled on the water surface may also limit
oxygen exchange, coat the gills of aquatic organisms,
cause pathological lesions on respiratory surfaces, and
thus cause problems for aquatic organisms with their
oxygen-supply and respiration. Effects of oil on fresh-
water benthic organisms may result from oil settling on
the sediment surfaces and accumulating in the sediment.
This can prevent invertebrate colonization or results in
various lethal and sublethal effects (Hoehn et al., 1974).
For example, exposure to crude Dubai oil caused 100%
mortality in the benthos-dwelling isopod Asellus aquaticus,
with severe toxicity observed after only a few hours at
concentrations at 9.8 mg/l and above (Ramusino and
Zanzottera, 1986). Complete recovery of benthic com-
munities may be a matter of years, with communities in
the mean time consisting solely of pollution-tolerant
organisms (Harrel, 1985).
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Oil spill cleanup treatments aim to minimize ecologi-
cal damage, and information regarding the effect of
chemical treatments on acute and chronic effects of an
oil spill for both sediment-inhabiting and water-column
organisms is essential for arriving at an optimal
response to oil spills. Chemical additive treatments for
clean-up of oil spills can involve the use of cleaners and
dispersants. Dispersants are used to promote the break-
up or dispersion of an oil slick into small droplets that
distribute into the water column (Clayton et al., 1992).
Cleaners allow oil to be washed from surfaces, such as
rocks or vegetation, and thereby also facilitate the
recovery of the oil.
In comparison to the number of marine studies on the

effects of surfactants and dispersants, relatively few
investigations have been done in freshwater systems
(Green and Trett, 1989). Under marine conditions,
wave action and surface turbulence are usually high, the
volume and depth of water treated is usually large and
the land/water interface comparatively small, while the
opposite is true in freshwater systems (Green and Trett,
1989). Mixing and dilution are therefore usually poor in
freshwater systems and infiltration into marginal eco-
systems may be accelerated. Also, fundamental differ-
ences exist between the physiology of marine and
freshwater organisms. The increased osmotic challenges
experienced by freshwater species and their need to
conserve salts has lead to the reduction in permeability
and surface area of exposed membranes. Surfactants
and dispersants can have marked effects on the integrity
of these membranes and may disrupt vital transport
mechanisms (Green and Trett, 1989). For example, dis-
persants were highly toxic to bluegill sunfish (Lepomis
macrochirus) and channel catfish (Ictalurus punctatus).
Early hydrocarbon-based surfactant formulations

proved to be highly toxic and have been superseded by
less toxic concentrates and water miscible compounds
(USEPA, 1993). However, these newer formulations can
still exert their toxic effects on aquatic organisms. In
invertebrates, effects of dispersants include reductions in
brood size, offspring size, and duration of reproductive
periods, and changes in larval molting patterns
(Shcherban, 1980; Van Emden et al., 1974). Synergistic
interactions in toxicity between oils and dispersants
appear common (Sprague and Carson, 1970; Mitchell
and Bennett, 1972; McCarthy and Lindblom, 1978;
Allen, 1984). The presence of these toxicity interactions
may differ among oils. For example, toxicity of Light
Arabian Crude and No. 2 fuel oil to mangroves was
increased by Corexit 9527, while it was decreased for
Bunker C oil (Getter and Baca, 1984).
Another option for chemical treatment of an oil spill

is the use of a cleaner such as Corexit 9580 (BioVersal
USA, 1990; Fiocco et al., 1991). Their toxicity appears
to be fairly low (BioVersal USA 1990; Fiocco et al.,
1991). However, very little research has been done on

the effectiveness and toxicity implications for the use of
cleaners in freshwater oil spills.
The project described here investigated the toxicity

and temporal changes in this toxicity of two oils (South
Louisiana Crude or SLC, and diesel) and two chemical
additive treatments (the dispersant Corexit 9500, and
the cleaner Corexit 9580) in laboratory microcosms
containing fresh marsh soils, during a 6-month period
following addition of the hydrocarbon mixtures. The
project used soils from two different freshwater marsh
sites in Louisiana that share dominant vegetation
(Panicum hemitomon) but differ in soil composition.
Toxicity was assessed using three freshwater animals,
i.e. two water column species (Daphnia pulex and the fish
Oryzias latipes), and a benthic species (the chironomid
Chironomus tentans).
Since encountered toxicities were very high for C.

tentans, a side project compared the sensitivity of this
species to that of two other freshwater benthic species
(the amphipod Hyallela azteca, and the oligochaete
Tubifex tubifex). This experiment used SLC and the
cleaner (Corexit 9580).

2. Materials and methods

For the main project, soil samples were collected from
two freshwater marsh sites in Louisiana and were used
to set up 144 microcosms per site. At specific time points
following the addition of oil and/or treatment chemicals,
the microcosms were taken apart and water and soil
portions were used in the toxicity experiments. Toxicity
tests for each marsh site were done at different times, for
logistical reasons. A side project was conducted to
compare toxicity among three different benthic species.
This project was set up with soils from only one marsh
site, toxicity was determined at only one time point, and
the design consisted of 28 microcosms.

2.1. Soil collection and microcosm preparation

For the main project, soils were collected from Big
Burn (near Cameron Prairie National Wildlife Refuge,
Louisiana, USA) on July 11 1997; and on October 24
1997 from Forked Islands (Louisiana, USA). Both
marshes share the same dominant vegetation (Panicum
hemitomon). Soil characterization was done on two soil
cores from each collection site, and consisted of deter-
mining bulk density, mineral density, organic density,
organic content, and water content. Cores were sectioned
into 3-cm increments. Each increment was weighed to
determine wet density, dried (at 100 �C) to a constant
mass, and weighed to determine dry bulk density. Sub-
samples of each increment were combusted at 400 �C for
12 h to determine organic matter content. Characteriza-
tion of the soils revealed considerable differences with
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respect to mineral content and organic composition.
For the 23 Big Burn soil samples, mean bulk density
was 0.075 g/cm3 (range 0.05–1.0 g/cm3), mean organic
content was 69% (range 53.0–85.1%), mean mineral
density was 0.026 g/cm3 (range 0.005–0.047 g/cm3), and
mean water content was 88.9% (range 87.3–90.5%).
For the 24 Forked Island soil samples, mean bulk density
was 0.050 g/cm3 (range 0.037–0.063 g/cm3), mean
organic content was 89% (range 82.4–95.6%), mean
mineral density was 0.006 g/cm3 (range 0.001–0.011 g/
cm3), and mean water content was 91.6% (range 89.8–
93.4%). Hence the Big Burn soil had a higher bulk
density and contained much more mineral matter, and
hence less organic matter, than the Forked Island soil.
Upon return to the laboratory, the soil was cut up with
knives to promote the breakdown of bulky plant material
and destruction of the living root network. Each bulk
sample was homogenized, large roots of Panicum hemi-
tomon were removed and smaller roots were cut up. No
additional water was added to the bulk soil samples.
The soil slurries thus obtained were used to prepare the
microcosms.
When the homogenized soil was being placed in

microcosms, six 100-ml subsamples were set aside and
used to characterize the soil in the microcosms. Vari-
ables and methodology were the same as those used for
the characterization of the soil cores. Differences in soil
characteristics between samples from the two collection
sites were less pronounced, though the same trends still
existed. A total of 144 microcosms was prepared for
each marsh site. Individual microcosms were prepared
in 1-l erlenmeyer flasks which had been thoroughly
rinsed with dichloromethane. Each flask was filled with
480 ml of the soil slurry, the sides were then rinsed down
and the final volume in each flask was brought up to 800
ml with well water. The sides of the flask were wrapped
in aluminum foil to limit the amount of light entry, but
the mouths of the flasks were kept uncovered to allow
natural evaporation. The microcosms were allowed to
acclimate to the laboratory conditions for 5 months
before initiation of the exposures. Deionized water was
added to the microcosms once every two weeks during
the aging process in order to maintain the 800-ml level
in each flask.
The side-project used the same laboratory microcosm

design described for the main project. The soil used for
preparing these microcosms was collected from Forked
Island at the same time as that used for the main pro-
ject. A total of 28 laboratory-microcosms were prepared
similarly to those used for the main experiment.

2.2. Treatment of microcosms with oils and dispersants

For the main project, two oils (South Louisiana
Crude and diesel fuel) and two chemical additives (the
cleaner Corexit 9580 and the dispersant Corexit 9500)

were employed for the exposures, in a design resulting in
the following nine different test treatments: control,
cleaner by itself, dispersant by itself, SLC by itself,
SLC+cleaner, SLC+dispersant, diesel by itself, diesel+
cleaner, and diesel+dispersant. Since bioassays were
conducted at four different times (on day 1, day 7, day
31, and day 186 after addition of test treatments) and
sampling of microcosms for conducting the bioassays
was destructive, a different microcosm was set up for each
time point. We used four replicates for each treatment�
time combination. Treatments with only chemical addi-
tives were not weathered, but treatments with oil and
oil+chemical additives were weathered in deionized
water before they were used for the exposures. The
weathering was done to more closely approximate
environmental conditions following an oil spill, and the
‘‘chemical treatments only’’ chemicals were not weath-
ered to reflect the fact that chemical additives are
applied fresh and thus initially encountered by the
organisms in that state. The oil treatments without
chemical additives were weathered using a 1:3 oil:water
ratio by volume, and treatments with both oils and
chemical responses were weathered using a 5:1:15 oil:
chemical additive:water ratio by volume. Weathering
was done prior to addition to the microcosms in 1000-
ml beakers containing 600 ml deionized water. Each
beaker was continuously stirred at a uniform speed
under a fume hood for 17.5 h. The stirring speed was
kept such that there was a vortex, but the vortex was
not pulled down towards the stirrer bar. The weathering
was done for all six treatments that contained oil. After
weathering, oil fractions were separated from water
fractions using a separatory funnel. The mixtures were
allowed to sit until the phases had clearly separated (10
min for oil+water mixtures, 60 min for oil+water+
dispersant/cleaner mixtures). Separated fractions were
weighed to determine loss during weathering and to
allow the later addition to microcosms on weight rather
than volume basis. Loss in weight of SLC by itself due
to weathering was 12.72%. Each fraction was stored in
an amber glass jar under refrigeration until both oil and
aqueous fractions were applied to the microcosms. Since
not all exposures were started at the same time, the
separation was required to allow the addition of similarly-
composed treatments to replicate microcosms.
For treatments with oil, specific amounts (by weight)

of oil and water fractions were added to microcosms,
with the weights equivalent to 6 ml unweathered oil, 18
ml of water and 1.2 ml of dispersant or cleaner per 800-
ml microcosm. Treatments with only chemical additives
received additives and water by weight, equivalent to 18
ml of deionized water and 1.2 ml of cleaner/dispersant,
while controls received only 18 ml of deionized water.
Each fraction was added separately in order to maintain
the 3:1 oil:water ratio used for weathering. The specific
volumes of oil added to microcosms were based on trials
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in other experiments that indicated that this amount of
oil would produce approximately 75% coverage of the
surface area in our microcosms. After addition of the
oils and chemical additives, microcosms were left
undisturbed during the treatment period (except for the
addition of deionized water to compensate for loss of
volume due to evaporation).
The side-project used seven different test treatments:

control, cleaner by itself (two concentrations), SLC by
itself (two concentrations), and SLC+cleaner (two
concentrations). There were again four replicate micro-
cosms per treatment. The following combinations were
weathered in 1000-ml beakers containing 600ml deionized
water: (1) SLC (200 ml); and (2) SLC+cleaner (200 ml
oil +40 ml COREXIT 9580). Each beaker was con-
tinuously stirred at uniform speeds under a fume hood
for 17.5 h. The oil and water fractions were separated
and stored using the procedures utilized for the main
project. Treatments with only the cleaner received specific
amounts of additives and water by weight, equivalent to
18 ml of deionized water and 1.2 ml of cleaner per
microcosm for one test concentration, and 9 ml of water
and 0.6 ml cleaner for the other concentration. Controls
received only 18 ml of deionized water. For treatments
with oil, oil and water fractions were added to the
appropriate microcosm in a specific oil:cleaner:water
ratio by weight (equivalent to 6 ml unweathered oil, 18
ml of water and 1.2 ml of cleaner per microcosm for one
test concentration, and 3 ml of unweathered oil, 9 ml of
water and 0.6 ml of cleaner for the other test con-
centration). After addition of the oils, microcosms were
left undisturbed for seven days (except for the addition
of deionized water to compensate for loss of volume due
to evaporation), at which point the bioassays were started.

2.3. Use of microcosms in bioassays

Prior to conducting bioassays for the main project,
the volume of the microcosms to be used that day was
brought up to 850 ml using dechlorinated tap water.
Each microcosm was divided into two 425-ml portions,
with one portion used for hydrocarbon analyses (meth-
odology and results reported elsewhere) and the other
portion used for the bioassays as follows: (1) A 200-ml
subsample (soil/water slurry) was used for bioassays
with the benthic invertebrate Chironomus tentans; (2)
The remainder of the sample was divided among two
250-ml centrifuge bottles (teflon coated) and centrifuged
at 4000 rpm for 15 min at room temperature. The
supernatant was used to perform the bioassays on the
Japanese medaka (Oryzias latipes) and theDaphnia pulex.
For the side-project, microcosm volumes were again

brought up to 850 ml. Most of the microcosm contents
(600 ml of soil slurry) was distributed evenly over six
test chambers for duplicate bioassays for each of the
three test species (see below).

2.4. Bioassays

Bioassay procedures used throughout were based on
the guidelines set forth in ASTM Standards on Aquatic
Toxicology and Hazard Evaluation (American Society
for Testing and Materials, 1993). Bioassays were con-
ducted in duplicate for each of the four microcosm
replicates. Since it was not feasible to conduct all 216
exposures (nine test treatments with four replicate
microcosms, three test species, and two replicates per
bioassay) for a specific time point simultaneously, the
experiments for each of the two soil types were con-
ducted three months apart, while experiments with the
four microcosm replicates were staggered over 16 days.
However, the 54 bioassays for a single replicate for one
specific time point were conducted simultaneously for
all treatments. Bioassays were conducted at room tem-
perature (22–25 �C).
Chironomus tentans was cultured from egg-masses

obtained from a culture at the Department of Fisheries
and Wildlife, Michigan State University. Chironomids
were cultured in 4-l glass culture bowls with about 5-cm
substrate (shredded and acetone-leached paper towel)
and culture water (dechlorinated tap water). Larvae
were fed a suspension of finely ground fish food in
dechlorinated tap water. Experiments were conducted
with 28 to 30-day old larvae. Each set of experiments
(one replicate of one specific time period for all test
treatments) was conducted with chironomids from one
culture (started with first instar larvae from at least
three eggmasses). For every microcosm, two 250-ml
exposure beakers were set up with the soil and water
from that microcosm, each beaker containing 100 ml of
test slurry. Six larvae of uniform size were added to each
beaker. The tops of the test chambers were covered with
aluminum foil perforated to allow air exchange. No
aeration of test chambers or feeding of larvae was done
during the bioassay. The mortality was assessed on day
four, when the beaker contents were sieved. Larvae not
recovered were assumed to be dead (since dead larvae
break down rapidly under these conditions). The results
of the two replicates for each microcosm were averaged,
and only the means were used in the data analyses.
Medakas (Oryzias latipes) were obtained from

Ward’s. The adults were kept under 14-h light and 10-h
dark conditions and fed twice a day with fish food flakes
or brine shrimp nauplii. Eggs were collected on a daily
basis and kept in dishes with dechlorinated tap water
with some methylene blue (a fungicide). Newborn fry
were removed daily from the culture dishes and fed
Paramecium once a day, but were not fed during the
bioassays. The bioassays used fry less than 72 hours old.
For each test treatment, exposures were conducted in
duplicate for each microcosm, in 50-ml beakers each
containing 40 ml of the supernatant obtained from cen-
trifugation of a portion of the contents of an individual
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microcosm. Five randomly-chosen medaka fry were
placed in each test chamber. No aeration was supplied
during the bioassay. The toxicity endpoint was mortality,
which was assessed on days 1, 2 and 4. Dead fish were
removed from the test chambers. The survival counts
for the duplicates of each microcosm were averaged
over the 3 days and the overall mean for each micro-
cosm was used in the data analyses.
Daphnia pulex was obtained from Carolina Biological

Supply, maintained in the laboratory in 2-l culture bowls
with dechlorinated tap water, supplied with gentle aeration,
and fed once every two days with Chlamydomonas. New-
born daphnids (0–1 day old) were used in the bioassays.
These bioassays were set up in 24-well tissue culture plates,
with duplicate wells containing five daphnids and 1 ml of
supernatant from the centrifuged microcosm contents. The
number of surviving daphnids in each chamber was
monitored on days 1 and 2. The counts for the duplicates
of each treatments were averaged over the two days, and
the overall means were used in the data analyses.
For the bioassays in the side-project, three different

freshwater benthic invertebrate species were used: the
chironomid Chironomus tentans, the amphipod Hyallela
azteca, and the oligochaete Tubifex tubifex. The chir-
onomid source and culturing methods were identical to
those for the main experiment. The amphipods were
obtained from Chesapeake Cultures and tubifex worms
were obtained from Ward’s. Both species were main-
tained in the laboratory in dechlorinated tap water with
gentle aeration. They were fed finely ground fish food
flakes. Juvenile amphipods (about 2–3mm long and 4–5
days old) were used for the bioassays, while the tubifex
worms used were not limited to a specific age or size
group. The bioassays in the side-project were done only
at one time, i.e. on day 7 after addition of the test
treatments . Duplicate test chambers (400-ml beakers)
were set up for each of the three different bioassay species,
each test chamber holding 100 ml of the test slurry. Six
organisms were added to each test chamber, and chambers
were covered with aluminum foil with perforations
allowing air exchange. No aeration of test chambers or
feeding of the organisms was done during the bioassay.
Mortality of the test organisms was used as the biological
endpoint, and was assessed on day four. The organisms
were separated from the sediment using a 500-mm standard
size sieve. The animals not recovered were assumed to
be dead. The number of surviving animals was averaged
for the two duplicates for each microcosm, and these
means were used in the data analyses.

2.5. Statistical analyses

Results of all bioassays of the main project were ana-
lyzed using a 4-way ANOVA SuperANOVA (Statview).
The dependent variable was the arcsine

p
p of survival.

The four factors tested were oil scenario, chemical

additive, microcosm time, and species. The effect of the
site factor was not considered for the analyses, as the
two different sites were used merely to extend the validity
of the results over more than just one marsh site and one
soil collection time. Hence any variability due to the two
soil collections was considered to be random variability.
This made for a more conservative test for investigating
effects of oil treatment, chemical additive, bioassay
type/species, and treatment duration.
Results of the side-project were analyzed using a

three-way ANOVA using SuperANOVA (Statview).
The dependent variable was arcsine

p
p of survival, and

the factors tested were oil, chemical response, and
bioassay species.

3. Results

3.1. Main project

The four-way ANOVA showed significant effects for
each main factor (i.e. oil scenario, chemical additive,
time, and species), as well as for all interactions between
the factors (Table 1). The effects of the nine different
test treatments on the medaka, daphnids, and chiro-
nomids are shown in Figs. 1–3 respectively.

3.1.1. Variation in toxicity among bioassays
Toxicities differed appreciably among the three

bioassays which varied in test species and microcosm
component used (Figs. 1–3). Mortality was especially
high in the chironomid bioassay. For example, 100%
mortality occurred on day 1 for all treatments except
the control (Fig. 3). In general, mortality was as follows:
medaka<daphnid<chironomid, with overall least
square means for survival of these three species being
60.9, 52.2, and 18.3%, respectively.

3.1.2. Toxicity of oils, chemical responses, and oil/
response combinations
For all three species, the diesel was generally more

toxic than South Louisiana Crude, with overall least
square means of survival being 12.2 and 43.4%, respec-
tively. For all three species, treatments with the dis-
persant were more toxic than the treatments with the
cleaner, which in turn were more toxic than those without
any chemical additive. Over all experiments combined,
least square means for survival in the three additive
treatments were 26.6, 44.1, and 60.9% for dispersant,
cleaner, and no chemical additive respectively. The che-
mical additives showed some toxicity in the absence of
oil, but toxicities were especially high when both oil and
chemical additives were present. This interactive effect
was again stronger for the dispersant than for the cleaner,
with the highest mortalities in all three species being
observed for the diesel+dispersant treatment (Figs. 1–3).
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3.1.3. Temporal changes in toxicity
Toxicity of the treatments generally decreased over

time (Figs. 1–3). Overall, the least square means for
survival on day 1, day 7, day 31, and day 186 were 31.1,
35.4, 46.0, and 62.9% respectively. For all three species,
treatments without oil (i.e. dispersant or cleaner by
itself) became much less toxic over time, and were vir-
tually non-toxic by day 186. The two oil treatments
showed a similar pattern, but considerable toxicities
remained by day 186, especially for the diesel treatments.
However, this reduction in toxicity over time was more
marked in case of the medaka (Fig. 1) and daphnids
(Fig. 2) than for the chironomids (Fig. 3). For the
medaka and daphnid bioassays, survival increased
markedly with time, and by day 186 the toxicities of
most treatments were reduced drastically (Figs. 1 and
2). However, the temporal change in toxicity was very
slow for the chironomid bioassay (Fig. 3). For all time
point tested, there was 0% survival in the SLC treat-
ments with the cleaner and dispersants, and all of the
diesel treatments. Only the cleaner and dispersant by
themselves slowly lost their toxicity for the chironomids,
and became non-toxic by day 186. Treatments with only
SLC did not show any survival till day 31, and survival
increased slightly more by day 186.

3.2. Side project

3.2.1. Comparison of the sensitivities of the three benthic
test species
The results of the three-way ANOVA on the sediment

bioassays with the benthic invertebrates (chironomids,
amphipods, and tubifex worms) revealed highly sig-

nificant main effects, as well as significant interactions
between all factors (Table 2). Overall, the amphipod
was the most sensitive to the test treatments, while the
tubificid was the most tolerant. Overall least square
means for survival of amphipods, chironomids, and
tubifex were 26.5, 33.4, and 90.8%, respectively. In the
presence of SLC, survival was only seen in the tubifex
worms (Fig. 4). Similarly to the results of the main
project experiments, survival was reduced in the pre-
sence of oil or cleaner, while survival was further
reduced when both oil and cleaner were present (Fig. 4).

4. Discussion

As always, the limits to the general applicability of an
experiment’s results are dictated by the experimental
design. We used one concentration of two specific oils
and two chemical treatments, and tested toxicity of the
microcosm contents to three freshwater species at four
specific time points. The fact that microcosms soils were
obtained from two different marsh sites expands the
applicability beyond one specific soil type. The conditions
of our laboratory microcosms probably represented a
‘‘worst-case scenario’’ for an oil spill in a freshwater
marsh, with no wind, water exchange, or wave actions
to disperse or dilute the oil and chemical treatments.
While those effects are likely to play a role in oil degrada-
tion and removal, wind and wave actions are less pro-
nounced in marshes and estuaries than in open marine
environments. For example, it was shown that the pre-
sence of numerous mud banks limited the flushing
effects of tides in a Florida bay (Holmquist et al., 1989).

Table 1

Summary of the four-way ANOVA results for survival (arcsine
p
p transformed) in the main projecta

Effect df Sum of squares Mean square F value P value

Oil scenario 2 134.973 67.487 1513.74 <0.0001

Additive 2 40.707 20.354 456.54 <0.0001

Time 3 36.196 12.065 270.63 <0.0001

Species 2 55.388 27.694 621.18 <0.0001
Oil scenario�additive 4 6.814 1.703 38.21 <0.0001

Oil scenario�time 6 3.722 0.620 13.92 <0.0001

Oil scenario�species 4 12.224 3.056 68.55 <0.0001

Additive�time 6 2.979 0.496 11.14 <0.0001
Additive�species 4 2.861 0.715 16.05 <0.0001

Time�species 6 3.293 0.549 12.31 <0.0001

Oil scenario�additive�time 12 9.149 0.762 17.10 <0.0001
Oil scenario�additive�species 8 10.609 1.326 29.75 <0.0001

Oil scenario�time�species 12 12.238 1.020 22.88 <0.0001

Additive�time�species 12 1.089 0.091 2.04 0.0191

Oil scenario�additive�time�species 24 6.295 0.262 5.88 <0.0001
Residual 754 33.615 0.045

a This experiment compared toxicity for three oil scenarios (none, diesel, SLC), three additive treatments (none, cleaner, dispersant), three

freshwater species (daphnid, medaka, chironomid) and four time points (day 1, 7, 31, 186) after the treatment of the microcosms. ANOVA results

are shown for the main effects and all interactions.
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In some cases, chronic oil toxicity persists in the envir-
onment despite the initial flushing and weathering of oil
as seen in case of the Bahı́a Las Minas oil spill on the
Caribbean coast of Panama. Despite initial weathering
and tidal flushing following the oil spill, anoxic man-
grove muds served as long-term reservoirs for toxic
hydrocarbons and caused chronic oiling and con-
tamination of contiguous coastal communities for over
five years (Levings et al., 1994). Thus, while being a
worst-case scenario, results obtained in the microcosms
provide insight into effects on organisms in oiled fresh-
water marshes.

The results revealed that South Louisiana Crude is
less toxic than diesel, which is consistent with other
studies which showed that diesel fuels are generally
more toxic than the heavier crude oils (Moore and
Dwyer, 1974; Michael, 1977; Rice et al., 1977).
Both cleaner and dispersant exhibited toxic effects,

even in the absence of oil. The toxicity of the cleaner
was less than that of the dispersant. Moreover, when the
cleaner was used at half of the concentration used in the
initial experiment, toxicity on day 7 after treatment was
relatively minor in the chironomid bioassay. Previous
research has shown that cleaners are less toxic than dis-
persants (BioVersal USA, 1990; Fiocco et al., 1991).
Cleaners have been used effectively for treating oil spills;

Fig. 1. Survival (least square mean�S.E.) showing oil and chemical

additive treatment effects for exposures with the medaka. The bioas-

says for medaka used only the water from the microcosms. Samples

sizes are n=8 (with exception of for n=7 for two means, indicated by

*). Results are shown separately for each of the four different time

points (day 1, 7, 31, and 186) on which bioassays were started. A 1.57

value for arcsine
p
p corresponds to 100% survival.

Fig. 2. Survival (least square mean�S.E., n=8) showing oil and che-

mical additive treatment effects for exposures with the daphnia.

Exposures for daphnids used only the microcosm water. Results are

shown separately for each of the four different time points (day 1, 7,

31, and 186) on which bioassays were started. A 1.57 value for arcsine
p
p corresponds to 100% survival.
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for example, a cleaner prevented mortality of oiled
freshwater marsh grasses in greenhouse experiments
(Pezeshki et al., 1995), and a new non-dispersing cleaner
was effective in restoring oiled mangroves without any
toxic effects on the biota (Teas et al., 1993).
The most important result of this study is that the

toxicity of both SLC and diesel was enhanced on addi-
tion of the dispersant and cleaner. This enhancement
occurred for both water-column species (exposed to
water-only of the treated microcosms) and benthic spe-
cies (exposed to complete microcosm subsamples), and
remained throughout the 186-day period following the
oil and chemical treatments. These findings are con-
sistent with those of other studies, where the toxicity of

oils generally increased on application of dispersants
(Sprague and Carson, 1970; Mitchell and Bennett,
1972). It was recently shown that such an enhancement
may be dependent on toxicity endpoint, exposure duration
and bioassay species (Singer et al., 1998). The interaction
in toxicity between oil and dispersant is probably due to
the dispersant causing the incorporation of the highly
toxic volatile liquid hydrocarbons (VLHs) from the oil
slick into the water column. These VLHs are readily
transferred through biological membranes (McDonald
et al., 1984). For example, experiments with No.2 fuel
oil and the dispersants Corexit 7664 and Corexit 9527
showed that either of the dispersants combined with the
oil increased the total water-soluble fraction of No.2
fuel oil in seawater and, consequently, toxic and terato-
genic responses in larvae of inland silversides (Mid-
daugh and Whiting, 1995). The dispersion of VLHs into
the water column may thus increase the toxicity to both
water column as well as benthic species, as the dispersed
hydrocarbons in the water column may sink and ulti-
mately become incorporated in the sediment (Green and
Trett, 1989). Also, benthic organisms may accumulate
water-column hydrocarbons directly from the water
column or from the interstitial water in the sediment as
a consequence of chemical exchange between the water
column and the interstitial water. In the current study,
the oil+cleaner treatments were less toxic than the
oil+dispersant combinations. This is likely to be due to
the fact that most commercial cleaners do not disperse
hydrocarbons from an oil slick into the water column
like the dispersants do (BioVersal USA 1990; Fiocco et
al., 1991). While one could hypothesize that the addi-
tion of cleaner or dispersant could speed up microbial
degradation and therefore reduce toxicity at later time-
points, our study following toxicity over a 6-month
duration did not find any evidence for such a scenario.
In support of this conclusion, results from hydrocarbon
analyses conducted as a companion-study to this one,

Fig. 3. Survival (least square mean�S.E., n=8) showing oil and che-

mical additive treatment effects for exposures with the chironomids.

Tests with chironomids were performed with the microcosm soil slurry

(water+oil). Results are shown separately for each of the four differ-

ent time points (day 1, 7, 31, and 186) on which bioassays were started.

A 1.57 value for arcsine
p
p corresponds to 100% survival.

Table 2

Summary of the three-way ANOVA results for survival (arcsine
p
p

transformed) in the side-projecta

Effect df Sum of

squares

Mean

square

F

value

P

value

Oil scenario 2 12.776 6.388 292.55 <0.0001

Additive 2 3.220 1.610 73.73 <0.0001
Species 2 17.707 8.854 405.47 <0.0001

Oil scenario�additive 2 0.626 0.313 14.33 <0.0001

Oil scenario�species 4 2.028 0.507 23.22 <0.0001

Additive�species 4 0.252 0.603 2.89 0.0292

Oil scenario�additive�species 4 2.920 0.730 33.43 <0.0001

Residual 63 1.376 0.022

a This experiment compared toxicity for three oil scenarios (none,

SLC, SLC diluted), three additive treatments (none, cleaner, cleaner

diluted), and three benthic species (chironomid, oligochaete, amphipod).

ANOVA results are shown for the main effects and all interactions.
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did not detect an increased loss of hydrocarbon from
the microcosms in the presence of the cleaner or dis-
persant (unpublished results).
The toxicities of SLC and diesel diminished sig-

nificantly over time in the daphnid and medaka bioassays,
and SLC by itself was non-toxic by 6 months. In the
chironomid bioassay, however, there was only a slight
change in the toxicity of SLC and no change at all in the
toxicity of diesel, even by 6 months. Both the cleaner
and dispersant lost their toxicity over time, becoming
virtually non-toxic to the daphnids, medaka, and chiro-
nomids by day 186. Similarly, for microcosms with both
oil and chemical additives present, toxicities decreased
over time. Improvements in the presence of the cleaner
were more pronounced than those in dispersant-treated
microcosms, while some improvement was observed for
SLC, but not for diesel. This difference in toxicity
reduction between the two oils could have been due to a
difference in the rate of volatilization of the toxic com-

ponents of the two oils, or a difference in their rate of
biodegradation. It has been shown that these rates are
dependent on the composition of the oil (Green and
Trett, 1989), and a study accompanying the present one
showed that the temporal decline in hydrocarbon levels
in the microcosms was faster for the SLC-containing
ones than for those containing diesel (unpublished
results). It has been shown that diesel added to meso-
cosms inhibits the oil-degrading bacterial communities
during the first few weeks (Delille et al., 1998).
Mortalities in our experiments were especially high

for the chironomid bioassay, with 100% mortalities in
several treatments occurring over the entire 6-month
period. The results are consistent with a field observa-
tion on the long term toxicity of oils and dispersants in
sediments, where chironomids were totally eliminated
even more than two years after an oil spill (Harrel,
1985). This long-term toxicity probably indicates that
toxic components of oils and chemical additives persist
in the sediments for quite a long time, and that rates of
volatilization of the hydrocarbons from the soils are
very slow. Previous studies have indicated that the
sinking of oil into river and marsh sediments rapidly
turns the sediment surface anoxic, resulting in anaerobic
degradation of crude oil components by nitrate-reducing
and methanogenic bacteria (Atlas, 1981). However, this
anaerobic degradation is unlikely to remove significant
quantities of oil from anoxic sediments. So oil may persist
in the sediment for a long time once it becomes trapped
in anoxic sediments (Green and Trett, 1989). In our
experiment, the reduction in toxicity of the oil treatments
was more pronounced for the water-column species than
for the benthic species, indicating a quicker loss of the
water-soluble fractions than the other fractions.
The results of the experiments with the chironomid

(C. tentans) brought up the question whether chironomids
were especially sensitive, or if the results indicate that
hydrocarbon components other than the water-soluble
fraction had a large contribution to toxicity (as the two
water-column species were exposed to the microcosm
water only while the chironomid bioassay used a complete
microcosm subsample). The comparison of the sensitivities
of the three benthic invertebrate species revealed that
the chironomids are not especially sensitive. The sensi-
tivity of the chironomids was intermediate to that of the
amphipods and tubificid worms. These findings are
consistent with the fact that oligochaetes, especially
tubifex worms, are very tolerant benthic invertebrates
(Chapman et al., 1979); and oligochaetes usually dominate
the freshwater benthic invertebrate community immedi-
ately after an oil spill (Harrel, 1985). That benthic
amphipods as a group are sensitive to oil pollution has been
demonstrated repeatedly (Sanders et al., 1980; Elmgren and
Frithsen, 1982; Elmgren et al., 1983). Our results are also
consistent with other studies which showed that Hyallela
aztecawasmore sensitive to PAH-contaminated sediments

Fig. 4. Survival (least square mean�S.E., n=4) for each of the three

benthic species in the test treatments of the side project (control, clea-

ner at two different levels, SLC at two different levels, and

SLC+cleaner at two different levels). Results are shown separately for

each of the test species. An arcsine
p
p value of 1.57 corresponds to

100% survival.
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than C. tentans (Ankley et al., 1994) and C. riparius
(Côté et al., 1998). So these results indicate that chir-
onomids are not overly sensitive, and therefore prob-
ably a good indicator for overall effects of oil toxicity
for the benthos.
In conclusion, this study revealed that the two oils in

freshwater marsh microcosms did seriously affect the
test species, and that this toxicity was especially pro-
nounced for the benthic species. Diesel was more toxic
than SLC, and the toxicity of both oils was enhanced on
addition of the cleaner or dispersant. This enhancement
persisted over time, indicating that these chemical addi-
tives may not be well suited for cleaning up oil spills in
or near freshwater marshes. While applicability of the
results is limited by the scope and design of the experi-
ments, they shed light on an area in which little research
has been done and improve our understanding of the
effects of oil spills and chemical responses to oil spills in
freshwater marshes.
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Côté, C., Blaise, C., Michaud, J., Ménard, L., Trottier, F.G., Lifshitz,

R., 1998. Comparisons between microscale and whole-sediment

assays for freshwater sediment toxicity assessment. Environ. Tox-

icol. Wat. Qual. 13, 93–110.
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Experimental Evidence for the Effects of Chronic 
Anthropogenic Noise on Abundance of Greater 
Sage-Grouse at Leks 
JESSICA L. BLICKLEY,*t DIANE BLACKWOOD,** AND GAIL L. PATRICELLI* 

"Department of Evolution and Ecology and Graduate Group in Ecology, 2320 Storer Hall, One Shields Avenue, University of 
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Abstract: Increasing evidence suggests that chronic noiseIrom human activities negatively affects wild 
animals, but most studies have failed to separate the effects of chronic noise from confounding factol's, 
sucb as habitat fragmentation. We played back recorded continuous and intermittent anthropogenic sounds 
associated with natural gas drilling and roads at leks of Greater Sage-Grouse (Centrocercus urophasianus). 
For 3 breeding seasons, we monitored sage grouse abundance at leks with and without noise. Peak male 
attendance (i.e., abundance) at leks experimentally treated with noise from natural gas drilling and roads 
decreased 29% and 73%, respectively, relative to paired controls. Decreases in abundance at leks treated with 
noise occw-red in the first year of the study and continued throughout tbe experiment. Noise playback did 
not have a cumulative effect over time on peak male attendance. There was limited evidence for an effect of 
noise playback on peak female attendance at leks or male attendance the year after the experiment ended. 
OUI' l'esults suggest tbat sage-grouse avoid leks with anthropogenic noise and that intermittent noise has a 
greater effect on attendance tban continuous noise. Our results bigbligbt tbe threat of anthropogenic noise to 
population viability for this and other sensitive species. 

Keywords: chronic noise, energy development, Centrocercus ul'ophasianus, roads 

Evidencia Experimental de los Efectos de Ruido Antropogenico Cronico sobre la Abundancia de Centro cercus 
urophasianus en Leks 

Resumen: El incremento de evidencias sugiere que el ruido cr6nico de actividades bumanas afecta negati
vamente a los animales silvestres, pero la mayor{a de los estudios no separim los efectos del ruido cr6nico de 
los factores de confusi6n, como la fragmentaci6n del habitat. Reprodujimos sonidos antropogenicos intermi
tentes y continuos asociados con la perforaci6n de pozos de gas natural y caminos en leks de Centro cercus 
urophasianus. Durante 3 epocas reproductivas, monitoreamos la abundancia de C. urophasianus e leks con 
y sin ruido. La abundancia maxima de machos (i.e., abundancia) en leks tnltados con ruido de la per
foraci6n de pozos de gas natural y caminos decreci6 29% y 73% respectivamente en relaci6n con los controles 
pareados. La disminuci6n en abundancia en leks tratados con ruido ocurN6 en el primer ano del estudio 
y continu6 a 10 largo del experimento. La reproducci6n de l'uido no tuvo efecto acumulativo en el tiempo 
sob I'e la abundancia maxima de macbos. Hubo evidencia limitada para un efecto de la reproducci6n de 
ruido sobre la abundancia maxima de bembras en los leks 0 sobre la asistencia de machos el ano despues 
de que concluy6 el experimento. Nuestros l'esultados sugieren que C. urophasianlls evita leks con ruido anro
pogenico y que el ruido intermitente tiene un mayor efecto sobre la asistencia que ell'uido continuo. Nuestros 
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resultados resaltan amenaza del,-uido antropogenico para la viabilidad poblacional de esta yoU-as especies 
sensibles. 

Palabras Clave: Centro cercus urophasianus, desarrollo energetico, ruido cronico, caminos 

Introduction 

Noise associated with human activity is widespread and 
expanding rapidly in aquatic and terrestrial environ
ments, even across areas that are otherwise relatively 
unaffected by humans, but there is still much to learn 
about its effects on animals (Barber et al. 2009). Effects 
of noise on behavior of some marine organisms are 
well-documented (Richardson 1995). In terrestrial 
systems, the effects of noise have been studied less, but 
include behavioral change, physiological stress, and the 
masking of communication signals and predator sounds ' 
(Slabbekoorn & Ripmeester 2008; Barber et al. 2009). 
These effects of noise on individual animals may lead 
to population decreases if survival and reproduction 
of individuals in noisy habitats are lower than survival 
and reproduction of individuals in similar but quiet 
habitats (patricelli & Blickley 2006; Warren et al. 2006; 
Slabbekoorn & Ripmeester 2008). Population declines 
may also result if animals avoid noisy areas, which may 
cause a decrease in the area available for foraging and 
reproduction. 

There is evidence of variation among species in their 
sensitivity to noise. Noise sensitivity may also differ with 
the type of noise, which varies in amplitude, frequency, 
temporal pattern, and duration (Barber et al. 2009). Du
ration may be particularly critical; most anthropogenic 
noise is chronic and the effects of chronic noise may dif
fer substantially from those of short-term noise in both 

. severity and response type. For example, brief noise ex
posure may cause elevated heart rate and a startle re
sponse, whereas chronic noise may induce physiologi
cal stress and alter social interactions. Ther~fore, when 
assessing habitat quality for a given species, it is criti
cal to understand the potential effects of the full spec
trum of anthropogenic noise present in the species' 
range. 

The effects of noise on wild animals are difficult to 
study because noise is typically accompanied by other en
vironmental changes. Infrastructure that produces noise 
may be associated with fragmentation of land cover, vi
sual disturbance, discharge of chemicals, or increased hu
man activity. Each of these factors may affect the physiol
ogy, behavior, and spatial distribution of animals, which 
increases the difficulty of isolating the effects of the 
noise . 

Controlled studies of noise effects on wild animals in 
terrestrial systems thus far have focused largely on birds. 
Recent studies have compared avian species richness, oc
cupancy, and nesting success near natural gas wells oper-
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ating with and without noise-producing compressors. In 
these studies, spatial variation in noise was used to con
trol for confounding visual changes due to infrastructure 
(Habib et al. 2007; Bayne et al. 2008; Francis et al. 2009). 
Results of these studies show that continuous noise af
fects density and occupancy of a range of bird species 
and leads to decreases or increases in abundance of some 
species and has no effect on other species (Bayne et al. 
2008; Francis et al. 2009; Francis et al. 2011). Results of 
these studies also show that noise affects demographic 
processes, such as reproduction, by reducing the pair
ing or nesting success of individuals (Habib et al. 2007; 
Francis et al. 2009). 

Although these studies in areas near natural gas wells 
controlled for the effects of most types of disturbance 
besides noise, they could not address the effect of noise 
on naIve individuals in areas without natural gas wells 
and compressors. Furthermore, there have been no con
trolled experiments that address the effects of chronic 
but intermittent noise, such as traffic, which may be more 
difficult for species to habituate. Road noise may have 
large negative effects because it is widespread (affecting 
an estimated 20% ofthe United States) (Forman 2000) and 
observational studies indicate that noise may contribute 
to decreases in abundance of many species near roads 
(e.g., Forman & Deblinger 2000). 

Noise playback experiments offer a way to isolate noise 
effects on populations from effects of other disturbances 
and to compare directly the effects of noise from dif
ferent sources. Playback experiments have been used to 
study short-term behavioral responses to noise, such as 
effects of noise on calling rate of amphibians (Sun & 
Narins 2005; Lengagne 2008), heart rate of ungulates 
(Weisenberger et al. 1996), diving and foraging behav
ior of cetaceans (Tyack et al. 2011), and song structure 
of birds (Leonard & Horn 2008), but have not been used 
to study effects of chronic noise on wild animals because 
producing long-term noise over extensive areas is chal
lenging. We conducted a playback experiment intended 
to isolate and quantify the effects of chronic noise on 
wild animals . We focused on the effects of noise from 
natural gas drilling on Greater Sage-Grouse (Centrocercus 
u1"Ophasianus). 

Greater Sage-Grouse occur in the western United States 
and canada and have long been a focus of sexual selec
tion studies (Wiley 1973; Gibson 1989; Gibson 1996). 
Greater Sage-Grouse populations are decreasing in den
sity and number across the species ' range, largely due to 
extensive habitat loss (Connelly et al. 2004; Garton et al. 
2010). The species is listed as endangered under Canada's 
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Species at Risk Act and is a candidate species for listing 
under the U.S. Endangered Species Act. Deep natural gas 
and coal-bed methane development have been expanded 
rapidly across the species' range since 2000 and sub
stantial evidence suggests that these processes may con
tribute to observed decreases in the number of Greater 
Sage-Grouse (Holloran 2005; Walker et al. 2007; Holloran 
et al. 2010). Many factors associated with deep natural gas 
and coal-bed methane development are thought to lead 
to these decreases, including habitat loss, increased oc
currence of West Nile Virus, and altered flre regimes due 
to the expansion of nonnative invasive species (Naugle 
et al. 2004; Walker et al. 2007; Copeland et al. 2009). 

The noise created by energy development may also af- . 
fect sage grouse by disrupting behavior, causing physio
logical stress, or masking biologically important sounds. 
During the breeding season (February-May), male sage 
grouse gather on communal breeding.grounds called leks. 
Male attendance (number of male birds on the lek) at sage 
grouse leks downwind of deep natural gas development 
decreases up to 50% per year compared with attendance 
at other leks, which suggests noise or aerial spread of 
chemical pollution as factors contributing to these de
creases (Holloran 2005). 

We sought to test the hypothesis that lek attendance by 
male and female sage grouse is negatively affected by both 
chronic intermittent and continuous noise from energy 
development. To do so, we conducted a noise playback 
experiment in a population that is relatively unaffected 
by human activity. Over 3 breeding seasons (late February 
to early May), we played noise recorded from natural gas 
drilling rigs and traffic on gas-fleld access roads at sage 
grouse leks and compared attendance patterns on these 
leks to those on nearby control leks. 
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We conducted our experiment at leks because lekking 
sage grouse are highly concentrated in a predictable area, 
which makes them good subjects for a playback exper
iment. More importantly, sage grouse may be particu
larly responsive to noise during the breeding season, 
when energetic demands and predation risk are high 
(Vehrencamp et al. 1989; Boyko et al. 2004). Addition
ally, noise may mask sexual communication on the lek. 
Lekking males produce. a complex visual and acoustic 
display (Supporting Information) and females use the 
acoustic component of the display to fmd lekking males 
and select a mate (Gibson 1989; Gibson 1996; Patricelli 
& Krakauer 2010). Furthermore, lek attendance is com
monly used as a metric of relative abundance of sage 
grouse at the local and population level (Connelly et al. 
2003; Holloran 2005; Walker et al. 2007). We used counts 
of lek attendance (lek counts) to assess local abundance 
relative to noise versus control treatments. 

Methods 

Study Site and Lek Monitoring 

Our study area included 16 leks (Table 1 & Supporting In
formation) on public land in Fremont County, Wyoming, 
U.S.A. (42 0 50', 1080 29') . Dominant vegetation in this 
region is big sagebrush (Artemisia tridentata wyomin
gensis) with a grass and forb understory. The primary 
land use is cattle ranching, and there are low levels of 
recreation and natural gas development. 

We paired leks on the basis of similarity in previous 
male attendance and geographic location (Table 2 & 
Supporting Information). Within a pair, one lek was 

Table 1. Pairing, treatment type, location, and baseline attendance for leks used in noise playback experiment. 

Lek Pait· Pair noise type Noise 01' control Yea/'s of playback Baseline attendance' 

Gustin A drilling control 3 26 
Preacher Reservoir A drilling noise 3 49 
North Sand Gulch B road control 3 32 
Lander Valley B road noise 3 67 
East Twin Creek C drilling control 3 44 
Coal Mine Gulch C drilling noise 3 83 
East Carr Springs D road control 3 67 
Carr Springs D road noise 3 92 
Powerline E drilling control 2 49 
Conant Creek North E drilling noise 2 44 
Monument F road control 2 53 
Government Slide Draw F road noise 2 55 
Nebo G drilling control 2 18 
Arrowhead West G drilling noise 2 24 
Onion Flats 1 H road control 2 41 
Ballenger Draw H road noise 2 38 

• Baseline altendance is Ibe average peak //w/e altendance value (annl/a/max imulI/ number of lIIa/es observed averaged across years) f o r Ibal 
lekjroJII 2002 102005. 
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Table 2. Mixed-effect candidate models used to assess change in peak attendance of male Greater Sage-Grouse at leks from pre-experiment 
baseline attendance during the natural gas drilling noise playback (2006-2008) and after the experiment (2009). 

Model (year)" KU tvUC/ w ·d , 

Male experiment (2006-2008) 
treatment x type+season" 9 0 0.64 
treatment x type" 7 1.8 0.26 
treatment+experiment year 6 6.1 0.03 
treatment+season 7 6.8 0.02 
treatment 5 7.3 0.02 
treatment x experiment year 7 8.0 0.01 
treatment x type+treatment x season+experiment year 12 8.6 < 0.01 
treatment x type+treatment x season 11 9.9 < 0.01 
treatment x type+treatment x season+treatment x experiment year 13 10.0 < 0.01 
treatment+type 6 10.4 < 0.01 
treatment x season 9 16.2 <0.01 
null- random effects only 4 57.0 <0.01 

Male after experiment (2009) 
null, random effects only" 3 0.0 0 .84 
treatment 4 3.3 0 .16 

t1All7ll0dels contain. pair as a I'C/ndolll eJfect, and e.\peri1l1ent (2006 - 2008) m odels also include year as a I'CIndom effect. Co variates: treatm ent, 
lek treatment (noise or control) assigned to individual lek s witbin. a pail~ type, pair liaise treatment ~Jlpe (road or drilling aSSigned to pair); 
season, time of year (early [late Februm)' to I week prior to p eak female attendance f or tbat lek;female peak I'C/ /'lgedfrom 15 Marcb to 6 April]. 
7Ilid /1 week bef ore and aj!erfemale p eak], and late [starting I week aj!er/emale p eak]); e.\periment yem ; years of experimental noise e_\ p osure. 
U Number a/parameters in tbe m odel. 
e Difference in AICe (Akaike 's inf ormation n-ilerion /01' small sample siz e) values }i'01ll tbe lIIodel w itb lowest AICe. 

r! A/w ike w eigbt. 
"Model w itb substantial support (6.A ICe < 2). 

randomly assigned to receive experimental noise treat
ment and the other lek was designated a control. We ran
domly assigned the experimental leks to receive playback 
of either drilling or road noise. In 2006, we counted at
tendance at 8 leks (2 treated with drilling noise, 2 treated 
with road noise, and 4 control). In both 2007 and 2008, 
we included an additional 8 leks for a total of 16 leks (4 
treated with drilling noise, 4 treated with road noise, and 
8 controls) . 

Throughout the breeding season, we counted males 
and females on leks with a spotting scope from a nearby 
point selected to maximize our visibility of the lek. We 
visited paired leks sequentially on the same days between 
05:00 and 09:00, alternating the order in which each 
member of the pair was visited. We visited lek pairs ev
ery day during the breeding season in 2006 and, after 
expanding our sample size in 2007, every 2-4 days in 
2007 and 2008. Peak estimates of male attendance from 
>4 visits are a highly repeatable measure of abundance 
at individual leks (Garton et al. 2010), so the lower fre· 
quency of visits in 2007 and 2008 was unlikely to have a 
substantial effect on estimates of peak male attendance. 
At a minimum, we conducted 2 counts per visit at 10-
to IS-min intervals. The annual peak attendance was the 
highest daily attendance value at each lek for the sea
son for males or females . For m,ales we also calculated 
the peak attendance in 3 nonoverlapping date ranges: 
early (late February .to 1 week prior to peak female atten
dance for that lek; female peak ranged from 15 March to 
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6 April), mid (1 week before and after female peak), and 
late (starting 1 week after female peak). 

Noise Introduction 

We recorded noise used for playback near natural gas 
drilling sites and gas-field access roads in a region of ex
tensive deep natural gas development in Sublette County, 
Wyoming (pinedale Anticline Gas Field and Jonah Gas 
Field). We recorded drilling noise in 2006 within 50 
m of the source on a digital recorder (model PMD670, 
44.1 kHz/16 bit; Marantz, Mahwah, New Jersey) with a 
shotgun microphone (model K6 with an ME60 capsule; 
Sennheiser, Old Lyme, Connecticut). We recorded road 
noise in 2005 with a handheld computer (iPAQ h5550 
Pocket PC, 44.1 KHz/16 bit; Hewlett Packard, Palo Alto, 
California) and omnidirectional microphone (model K6 
with an ME62 capsule; Sennheiser). Drilling noise is rela
tively continuous and road noise is intermittent (Support
ing Information). Both types of noise are predominantly 
low frequency ( <2 kHz). 

We played noise on experimental leks from 2 to 4 rock
shaped outdoor speakers (300 W Outdoor Rock Speakers; 
TIC Corporation, City of Industry, California) hooked to 
a car amplifier (Xtantl.l; Xtant Technologies, Phoenix, 
Arizona) and an MP3 player (Sansa m240; SanDisk, 
Milpitas, California). The playback system was powered 
with 12 V batteries that we changed every 1-3 days 
when no birds were present. We placed the speakers 
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in a straight line across one end of the lek (Fig. la) . In 
2006 we placed 3 speakers at leks treated with drilling 
noise and 2 speakers at leks treated with road noise. In 
2007 and 2008, we increased the number of speakers, 
placing 4 at each noise-treated lek to increase the area in 
which noise was present on the lek. At control leks, we 
placed dummy speakers of similar size and color to play
back speakers (68-L plastic tubs). Within each lek pair, 
dummy and real speakers were placed in similar configu
rations. To control for playback-related disturbance, the 
leks in each pair were visited an equal number of times 
during the morning for counts of birds and in the after
noon for battery changes. 

We played drilling noise and road noise on leks at 70 
dB(F) sound pressure level (unweighted decibels) mea
sured 16 m directly in front of the speakers (Fig. 1 & Sup
porting Information). This is similar to noise levels mea
sured approximately 400 m from drilling rigs and main 
access roads in Pinedale (J. L. Blickley and G. L. Patricelli, 
unpublished data). Four hundred meters (0.25 miles) is 
the minimum surface disturbance buffer around leks at 
this location (BLM 2008). We calibrated and measured 
noise playback levels with a hand-held meter that pro
vides sound-pressure levels (System 824; Larson-Davis, 
Depew, New York) when wind was <9.65 k/h. On 
drilling-noise-treated leks, where noise was continuous, 
we calibrated the noise playback level by measuring the 
average sound level (Leq [equivalent continuous sound 
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~ 
Figw'e 1. (a) Placement of 
speakers (on noise-treated leks) 

~ 
or dummy speakers (on control 
leks) (boxes) at Greater 
Sage-Grouse leks. (b) Mean 
maximum noise level 
(unweighted decibels, dB[Fj, and 
A-weighted decibels, dB[Aj, 

dB(A) 
measured in Lmax [highest 

dB(F) root-mean-square sound pressure 
level within the measurement 
period]) at Gt'eater Sage-Grouse 
leks measured on transects at 
25-m intervals froni the line of 

: speakers on a typicallek treated 
with road noise. Playback levels 
of natural gas drilling noise 
(measured in Leq) followed the 

100 120 same pattern. Ambient levels of 
noise at control leks ranged from 
30 to 35 dB(A). 

level]) over 30 s. On leks treated with road noise, where 
the amplitude of the noise varied during playback to 
simulate the passing of vehicles, we calibrated the play
back level by measuring the maximum sound level (Lmax 
[highest root-mean-square sound pressure level within 
the measurement period]). . 

For leks treated with drilling noise, recordings from 
3 drilling sites were spliced into a 13-min mp3 ftle that 
played on continuous repeat. On leks treated with road 
noise, we randomly interspersed mp3 recordings of 56 
semitrailers and 61 light trucks with 170 thirty-second 
silent ftles to simulate average levels of traffic on an access 
road (Holloran 2005). Noise playback on experimental 
leks continued throughout April in 2006, from mid Febru
ary or early March through late April in 2007, and from 
late February through late April in 2008. We played back 
noise on leks 24 hours/day because noise from deep natu
ral gas drilling and vehicular traffic is present at all times. 
This experimental protocol was reviewed and approved 
by the Animal Care and Use Committee at University of 
California, Davis (protocol 16435). 

To measure noise levels across experimental leks, we 
measured the average amplitude (15 s Leq) of white-noise 
played at 1-5 points along transects that extended across 
the lek at 25-m intervals roughly parallel to the line of 
speakers. We calibrated white-noise measurements by 
measuring the noise level of both the white noise and ei
ther a representative clip of drilling noise or a semitrailer 
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10 m directly in front of each speaker. To minimize dis
turbance, we took propagation measurements during the 
day. Daytime ambient noise levels are typically 5- 10 dBA 
higher than those in the early morning (J. 1. Blickley and 
G. 1. Patricelli, unpublished data) and are likely higher 
than those heard by birds at a lek. 

After the experiment, we counted individuals on all 
leks 2-6 times from 1 March through 30 April 2009. In 
2009 we continued to play noise on 2 experimental leks 
as part of a related experiment, so we did not include 
th~se lek pairs in our analysis of postexperiment male 
attendance at a lek. 

Response Variables and Baseline Attendance Levels 

Sage grouse leks are highly variable in size and, even 
within pairs, our leks varied up to 50% in size. To facilitate 
comparison of changes in attendance on leks of different 
sizes, we calculated the attendance relative to attendance 
levels before treatment (Le. , baseline attendance levels). 
We obtained male baseline abundance from the Wyoming 
Game and Fish Department. We used the standard lek
count protocol (Connelly et al. 2003) to count birds at 
leks approximately 3 times!breeding season. Due to the 
small number of counts in pre-experiment years, we cal
culated male baseline attendance by averaging the annual 
peak male attendance at each individuallek over 4 years 
(2002-2005). We assessed changes in early-, mid-, and 
late-season peak male attendance from this 4-year base
line attendance. Female attendance was highly variable 
throughout the season with a short (1-3 day) peak in at
tendance at each lek. Due to the limited number of annual 
counts, female counts from 2002 to 2005 were not reli
able estimates of peak female attendance and could not 
be used as baseline attendance levels. Because we intro
duced noise to experimental leks after the peak in female 
attendance in 2006, we used maximum female counts 
from 2006 as a baseline for each of the 8 leks monitored 
that year. We assessed changes in alillual peak female at
tendance from this I-year baseline attendance. The 8 leks 
added to the experiment in 2007 were not included in 
statistical analyses of female attendance due to the lack 
of a baseline. 

Statistical Analyses 

We used an information-theoretic approach to evaluate 
the support for alternative candidate models (Table 2) . All 
candidate models were linear mixed-effect models that 
assessed the relation between covariates and the propor
tional difference in annual and within-season peak atten
dance and baseline attendance (both males and female) 
(Tables 2 & 3). We ranked models on the basis of dif
ferences in Akaike's information criterion for small sam
ple sizes (.6.AlCc) (Burnham & Anderson 2002). Akaike 
weights (w;) were computed for each model on the basis 
of .6.AICc scores. We calculated model-averaged variable 
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Table 3. Mixed-effect candidate models used to assess change in peak 
annual attendance of female Greater Sage-Grouse at leks from 
pre-experiment baseline attendance in 2006 during noise playback. 

Model" Kb MICe" W . d , 

Null, random effects only" 4 0 0.71 
Treatment" 5 1.9 0.27 
Treatment+experiment year 6 8 0 .01 
Treatment x experiment year 7 14 < 0 .001 

"A ll m odels contained pa ir and year as random effects. Due to tbe 
sm all sample size (4 pairs), pair type variable (road versus drilling) 
was not included in tbe m odel set. Co varia tes: treatment, lek treat
m ent (noise or control assigned to individual lek s witbil1 a p air); 
e.\jJeriment year, years of experimental noise e.\posllre. 
bNllmber oJparallleters in tbe lIlodel. 
C Difference in AICc (Aka ike's information criterion f or sll/all salll
pie size) vallles fro1//. tbe m ost strongly supported (lowest AICc) 
m ode/. 
rI Akaille w eigbt. 
"Model w itb substantial suppo/·t (6.AICc < 2). 

coefficients, unconditional 95% CI, and variable impor
tance (weight across models) for variables contained in 
models that were strongly supported (.6.AlCc < 2). All 
statistical analyses were performed in R (version 2.12.1) 
(R Development Team 2010). 

The detection probability for males and females is likely 
to vary across a season and among leks (Walsh et al. 
2004). We sought to minimize sources of error and max
imize detection by conducting frequent counts from lo
cations with a clear view of the lek and by implementing 
a paired treatment design (each noise lek is compared 
with a similar control lek, monitored by the same ob
server on the same days). To ensure that detection prob
ability did not differ among noise and control leks, we 
corrected our data for detection probability. First, we 
used detection error rates, estimated as difference be
tween the maximum count and the count immediately 
before or after the maximum count within a day (for both 
males and females), and then we applied the bounded
count method (for males only; Walsh et al. 2004). With 
the multiple-count estimator, estimates of detection be
tween noise and control leks did not differ (males: t = 
1.02, df= 6,p = 0.35; females: t = 0.21, df= 3,p = 0.84). 
We analyzed both corrected and uncorrected counts and 
found that neither correction qualitatively changed our 
results; therefore, results are presented for uncorrected 
counts. 

Results 

Male Attendance 

Peak male attendance at both types of noise leks de
creased more than attendance at paired control leks, but 
the decreases varied by noise type. In the most strongly 
supported models of the candidate set (w; = 0.90, all 
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Table 4. Model-averaged parameter direction and effect sizes and 
variable importance for all variables present in strongly supported 
models (~AICc < 2 in Table 2) of changes in peak attendance ofmaIe 
greater sage-grouse at leks from baseline attendance during 
experimental noise playback. 

Variable 

Intercept 
Treatment, noise 
Type, road 
Treatment, noise*type, road 
Season, mid 
Season, late 

Percent effect 
size (5E) 

31 (22) 
-29(7) 

33 (22) 
-40(10) 

18(6) 
23(6) 

Variable 
importance' 

1.0 
0 .91 
0.91 
0.91 
0 .66 

• Variable illlportim ce is tbe Slimmed weigbt of afllllodels contain ing 
tbat variable. 

other models ~AICc > 6.1) (fable 2), there was an inter
action of the effects of experimental treatment (control 
versus noise) and noise type (drilling versus road) on 
annual peak male attendance. At leks treated with road 
noise, decreases in annual peak male attendance were 
greater (73%), relative to paired controls, than at drilling 
noise leks (29%). As indicated by the effect size for the 
main effect of pair type, attendance at control leks paired 
with road noise leks was 33% greater relative to the base
line than control leks paired with drilling noise leks (Ta
ble 4). However, changes in attendance were compared 
within a pair to control for such differences. Male atten
dance increased over the course of a season, with 18% 
and 23% increases in peak male attendance in mid and 
late season from the early-season peaks, ·but seasonal in
creases were similar across noise and control leks (fable 
4 & Fig. 2b). 

There was no evidence that the effect of noise on atten
dance changed as years of exposure to noise increased. 
The models with substantial support did not contain a 
main effect of years of exposure or an interaction of years 
of exposure and treatment type (control versus noise) 
(fable 2). In spite of decreases in attendance throughout 
the experiment, peak male attendance exceeded baseline 
attendance on all leks in 2006, 13 leks in 2007, and 11 
leks in 2008 (Table 4 & Fig. 2c). There was an increase 
in sage grouse abundance regionally in 2006 (Fig. 3). 

After the experiment (2009), attendance at leks we 
experimentally exposed to drilling and road noise was 
lower relative to paired controls (fable 2) . The model 
that included the treatment variable showed an effect 
size of -30% (across road and drilling noise leks) but had 
only moderate support (~AICc = 3.3) relative to the null 
model. 

Female Attendance 

Peak female attendance at leks treated with noise in 
2007 and 2008 decreased from the 2006 baseline, rel
ative to control leks (Table 3). The most strongly sup-

467 

ported model in the set was the null model; however, 
the model that included noise treatment was highly sup
ported (~AICc < 2). The effect size of noise treatment on 
female attendance was -48% (10% SE), which is similar 
to the effect of noise on male attendance averaged across 
both noise types (51%) . 

Discussion 

Results of previous studies show abundance of Greater 
Sage-Grouse decreases when natural gas and coal-bed 
methane fields are developed (Holloran 2005; Walker 
et al. 2007; Doherty et al. 2008). Our results suggest that 
chronic noise may contribute to these decreases. Peak 
male attendance relative to the baseline was lower on 
noise leks than paired control leks, and the decrease was 
larger at road noise leks (73% decrease in abundance com
pared with paired controls) than drilling noise leks (29%; 
Fig. 3). These decreases were immediate and sustained. 
The effects of noise occurred in the first year of the study 
and were observed throughout the experiment, although 
patterns of male attendance within a season were simi
lar at noise and control leks. Differences in male atten
dance between noise and control leks in the year after 
the experiment were not supported in the top models, 
which suggests attendance rebounded after noise ceased. 
However, the sample size for this analysis was small, 
and the effect size (30% average decreases in male atten
dance for both noise types) suggests a residual effect of 
noise. 

There are 2 mechanisms by which noise may reduce 
male attendance. First, males on noise leks may have had 
higher mortality than males on control leks. Noise play
back was not loud enough to cause direct injury to in
dividuals, but mortality could be increased indirectly by 
noise playback if the sounds of predators (coyotes [Ca

nis latmnsj or Golden Eagles [Aquila chrysaetos]) were 
masked by noise. However, on-Iek predation events were 
rare. We observed S 1 predation event per lek per season 
during the experiment (observations of sage·grouse car
casses or feathers at a lek U. 1. Blickley, personal obser
vation]) . The cumulative effect of rare predation events 
would lead to a gradual decrease in attendance, rather 
than the rapid and sustained decrease we observed. Fur
thermore, experimental noise was likely too localized to 
substantially affect off-Iek predation because noise lev
els decreased exponentially as distance to the speakers 
increased (Fig. Ib). To date, increased predation risk of 
adults due to anthropogenic noise has not been demon
strated in any species, but some species increase vigilance 
when exposed to noise, leaving less time for feeding, 
displaying, and other important behaviors (Quinn et al. 
2006; Rabin et al. 2006). Noise may also affect off-Iek 
mortality indirectly. For example, noise-stressed males 
may be more susceptible to disease due to a suppressed 
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Figure 2. Percent difference between baseline attendance (i.e., abundance before experiments) of male Greater 
Sage-Grouse and (a) peak male attendance on control leks and leks tmated with noise from natural gas drilling 
and road noise, (b) peak male attendance in the early (late Februmy to 1 week plior to peak female attendance 
for that lek), mid (I week before and after female peak [female peak ranged from 15 March to 6 April}), and late 
(starting 1 week after female peak) breeding season; on control leks and leks treated with noise, and (c) peak 
male attendance at control leks and leks treated with noise in experimental yem's 2006, 2007, and 2008 in 
Fremont County, Wyoming (US.A.) (horizontal lines, median value; box ends, upper and lower quartiles, 
whiskers, maximum and minimum values). Data are observed values, not model output. 

immune response (Jankowski et al. 2010). Although long
term stress from noise is unlikely to be the primary cause 
of the rapid decreases in attendance we observed here, 
it may have been a contributing factor over the course 
of the experiment. Furthermore, in areas of dense in
dustrial development, where noise is widespread, noise 
effects on mortality may be more likely. 

Alternatively, noise may lower male attendance 
through displacement, which would occur if adult or ju
venile males avoid leks with anthropogenic noise. Such 
behavioral shifts are consistent with the rapid decreases 
in attendance we observed. Adult male sage grouse typ
ically exhibit high Iek fidelity (Schroeder & Robb 2003) 
and visit leks regularly throughout the season, whereas 
juvenile males visit multiple leks and their attendance 
peaks late in the season (Kaiser 2006). If juveniles or 
adults avoid noise by visiting noisy leks less frequently 
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or moving to quieter leks, overall attendance on noisy 
leks could be reduced. We could not reliably differen
tiate between juveniles and adults, so we do not know 
the relative proportion of adults and juveniles observed. 
Consistent with displacement due to noise avoidance, 
radio-collared juvenile males avoid leks near deep natu
ral gas developments in Pinedale, Wyoming, which has 
resulted in decreases in attendance at leks in close prox
imity to development and increased attendance at nearby 
leks with less human activity (Kaiser 2006; Holloran et al. 
2010). Reduced recruitment of juvenile males is unlikely 
to be the only driver of the patterns we observed because 
we did not observe larger decreases in lek attendance on 
noise-treated leks later in the season, when juvenile atten
dance peaks. Rather, we found immediate decreases in 
attendance early in the season when playback began (Fig. 
2b), at which time there are few juveniles on the lek. This 
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Figut'e 3. Maximum abundance of male Greater 
Sage-Grouse from 2002 to 2008 at control leks (n = 8) 
(no anthropogenic sound played) and othet'leks in 
the region that were not part of the experiment 
(t'egionalleks) (n = 38). 

is consistent with both adult and juvenile noise avoid
ance. We did not find evidence for a cumulative negative 
effect of noise on lek attendance, although cumulative 
effects may have been masked by regional population 
declines after 2006, a year of unusually high abundance 
(Fig. 3). 

Female attendance at leks treated with noise was lower 
than that on control leks; however, the null model and 
the model that included noise treatment were both highly 
supported, providing only moderate support for the ef
fects on noise on attendance. For this model, the overall 
estimated effect of noise on female attendance (-48%) 

was similar to that of the effect of noise on male atten
dance. Due to the high variability of female daily maxi
mum attendance throughout the season and small sam
ple size for this analysis (female attendance data available 
for only 4 of the 8 lek pairs), our statistical power to 
detect differences in female attendance was limited and 
effect sizes may not be representative of actual noise 
effects . 

Our results suggest that males and possibly females 
avoid leks exposed to anthropogenic noise. A poten
tial cause of avoidance is the masking of communica
tion. Masked communication is hypothesized to cause 
decreases in abundance of some animal species in urban 
and other noisy areas. For example, bird species with low
frequency vocalizations are more likely to have low abun
dance or be absent from natural gas developments, roads, 
and urban areas than species with high-frequency vocal
izations, which suggests that masking is the mechanism 
associated with differences in abundance (Rheindt 2003; 
Francis et al. 2009; Hu & Cardoso 2010). Sage-grouse may 
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be particularly vulnerable to masked communication be
cause their low-frequency vocalizations are likely to be 
masked by most sources of anthropogenic noise, includ
ing the noises we played in our experiment (Supporting 
Information). This may be particularly important for fe
males if they cannot use acoustic cues to fmd leks or 
assess displaying males in noisy areas. 

Alternatively, individuals may avoid noisy sites if noise 
is annoying or stressful, particularly if this noise is associ
ated with danger (Wright et al. 2007). Intermittent road 
noise was associated with lower relative lek attendance 
than continuous drilling noise, in spite of the overall 
higher mean noise levels and greater masking potential at 
leks treated with drilling noise (Supporting Information). 
Due to the presence of roads in our study area, sage 
grouse may have associated road noise with potentially 
dangerous vehicular traffic and thus avoided traffic-noise 
leks more than drilling-noise leks. Alternatively, the pat
tern of decrease may indicate that an irregular noise is 
more disturbing to sage grouse than a relatively contin
uous noise . Regardless, our results suggest that average 
noise level alone is not a good predictor of the effects of 
noise (Slabbekoorn & Ripmeester 2008) and that species 
can respond differently to different types of noise. 

Our results cannot be used to estimate the quantita
tive contribution of noise alone to observed decreases in 
Greater Sage-Grouse abundance at energy development 
sites because our experimental design may have led us 
to underestimate or overestimate the magnitude of these 
effects. Decreases in abundance due to noise could be 
overestimated in our study if adults and juveniles are dis
placed from noise leks and move to nearby control leks, 
which would have increased the difference in abundance 
between paired leks. Similar displacement occurs in ar
eas of energy development, but over a much larger extent 
than is likely to have occurred in response to localized 
playbacks in our experiment (Holloran et al. 2010). 

In contrast, we could have underestimated noise ef
fects if there were synergistic effects of noise and 
other disturbances associated with energy development. 
For example, birds with increased stress levels due 
to poor forage quality may have lower tolerance for 
noise-induced stress, or vice versa. Noise in our exper
iment was localized to the immediate lek area and only 
played during the breeding season, so we cannot quan
tify the effects of noise on wintering, nesting, or for
aging birds. Noise at energy development sites is less 

. seasonal and more widespread than noise introduced in 
this study and may thus affect birds at all life stages and 
have a potentially greater effect on lek attendance. Leks 
do not represent discrete populations; therefore, local 
decreases in lek attendance do not necessarily reflect 
population-level decreases in abundance. However, at 
large energy development sites, similar displacement of 
Greater Sage-Grouse away from the ubiquitous noise may 
result in population-level declines due to spatially exten-
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sive changes in land use or increases in dispersal-related 
and density-dependent sources of mortality (Aldridge & 
Boyce 2007). Enforcement and refinement of existing 
seasonal restrictions on human activity could potentially 
reduce these effects. 

We focused on the effect of noise associated with deep 
natural gas and coal-bed methane development on sage 
grouse, but our results may increase broader understand
ing of the effects of noise on animals. Both intermittent 
and constant noise from energy development affected 
sage grouse. Other noise sources with similar frequency 
range and temporal pattern, such as wind turbines, oil
drilling rigs, and mines, may have comparable effects. 
Similar effects may also be associated with highways, off
road vehicles, and urbanization so that the potential for 
noise to have an effect is large. 

We believe that noise should be investigated as one 
potential cause of population declines in other lekking 
North American grouse species that are exposed to sim
ilar anthropogenic development. Populations of many 
bird (van der Zande et al. 1980; Rheindt 2003; .Ingelfm
ger & Anderson 2004) and mammal (Forman & Deblinger 
2000; Sawyer et al. 2009) species have been shown to 
decrease in abundance in response to road, urban, and 
energy development, and noise produced by these activ
ities may contribute to these decreases. Our results also 
demonstrate that wild animals may respond differently to 
chronic intermittent and continuous noise, a comparison 
that should be expanded to other species. Additionally, 
we think these results highlight that experimental noise 
playbacks may be useful in assessing the response of wild 
animals to chronic noise (Blickley & Patricelli 2010). 
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HABITAT SELECTION AND HOME RANGES OF RIVER 
OTTERS IN A MARINE ENVIRONMENT: EFFECTS OF THE 

EXXON VALDEZ OIL SPILL 

R. TERRY BOWYER, J. WARD TESTA, AND JAMES B. FARO 

Institute of Arctic Biology, University of Alaska Fairbanks, Fairbanks, AK 99775 (RTB) 
Institute of Marine Science, University of Alaska Fairbanks, Fairbanks, AK 99775 (JWT) 

Alaska Department of Fish and Game, 304 Lake Street, Sitka, AK 99835 (JBF) 
Present address of JWT: Alaska Department of Fish and Game, 333 Raspberry Road, 

Anchorage, AK 99581 

We studied habitat selection and home ranges of river otters (Lutra canadensis) living along 
the coastlines of Prince William Sound, Alaska, following the Exxon Valdez oil spill in 
late March 1989. Deposition of feces by otters at latrine sites that were heavily oiled was 
significantly less than for nonoiled sites in Herring Bay in June and July, but not during 
August 1989. Finer-scale measurements of habitat showed selection differed significantly 
on oiled (Herring Bay) and nonoiled (Esther Passage) study areas in 1990; otters selected 
steeper tidal slopes and sites with larger rocks on oiled than on nonoiled areas, based on 
characteristics of latrines and random sites. We believe otters avoided shallower slopes and 
protected areas with smaller rocks and gravel where oil persisted the longest. Thus, differ- 
ences in habitat selection ostensibly were the result of a reduction in habitat availability 
caused by oil contamination. Otters on both study areas strongly selected old-growth forest; 
commercially logged areas in Esther Passage had no otter latrines. River otters on both 
areas also selected vegetated slopes (approaches to latrine sites) that were less steep. Home 
ranges of otters were about twice as large on the oiled area as on the nonoiled area, again 
suggesting that habitat for otters was reduced as a result of the oil spill. These outcomes 
were detected >1 year after the oil spill and suggest that there may be chronic effects of 
the oil spill on river otters. 

Key words: river otters, Lutra canadensis, Exxon Valdez, oil spill, habitat selection, home 
range, Prince William Sound, Alaska 

River otters (Lutra canadensis) are near- 
ly ubiquitous in coastal areas of the Gulf of 
Alaska (Hall, 1981), occurring at densities 
of 0.30-0.85 otters/km of shoreline (Testa 
et al., 1994; Woolington, 1984). These ot- 
ters differ from inland populations in that 
they prey on a diverse array of marine fish- 
es and invertebrates, which inhabit intertid- 
al and subtidal zones (Bowyer et al., 1994; 
Larsen, 1984; Stenson et al., 1984; 
Woolington, 1984). 

On 28 March 1989, the Exxon Valdez 
collided with Bligh Reef, spilling 39,000 
metric tons of crude oil into Prince William 
Sound, Alaska, which subsequently con- 
taminated shorelines throughout the west- 

ern Sound, as well as portions of Kodiak 
Island and the Kenai and Alaska peninsulas. 
River otters are sensitive to aquatic pollut- 
ants, including hydrocarbons (Duffy et al., 
1993, 1994a, 1994b), and, therefore, pro- 
vide a good mammalian model for assess- 
ing the effects of the oil spill. Although 
some river otters were killed directly by the 
effects of oiling, many continued to reside 
within the path of the spill 1 year later (Tes- 
ta et al., in press). Because coastline envi- 
ronments on which river otters and their 
prey rely were heavily oiled, we postulated 
that otters would alter their patterns of hab- 
itat selection and use of home ranges as a 
result of oil contamination. 
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METHODS 

Study areas.-Prince William Sound had a 
maritime climate; summers were cool and wet 
and winters were characterized by deep snow 
(220-cm annual precipitation). High elevations 
were typified by alpine tundra, and low eleva- 
tions by old-growth forest (primarily Tsuga het- 
erophylla and Picea sitchensis); some areas 
were commercially logged and dominated by 
understory brush (mostly Vaccinium, Menziesia, 
and Rubus) and young conifers. Shorelines were 
steep and rocky with numerous bays and inlets. 
Freshwater ponds and small streams were com- 
mon. Alder (Alnus) tended to occur on disturbed 
sites and near the boundary of terrestrial vege- 
tation and the intertidal zone. 

Two study areas, each with ca. 80 km of 
shoreline, were selected for intensive study (Fig. 
1). The study site at Herring Bay, which encom- 
passed northern Knight Island and adjacent 
smaller islands, received heavy oiling from the 
Exxon Valdez spill. The study area at Esther 
Passage was ca. 40 km distant and received no 
oil. We chose these sites because of their similar 
ecological appearance and because the number 
of latrine sites (Jenkins and Burrows, 1980) sug- 
gested that densities of river otters were similar. 
This was confirmed later from estimates of pop- 
ulation size by mark-recapture (Testa et al., 
1994). No river otter monitored by radiotelem- 
etry moved between Herring Bay and Esther 
Passage. 

Sampling procedures.-River otters were 
live-captured using Hancock traps (Melquist and 
Hornocker, 1979) placed along trails at latrine 
sites during winter 1989 and spring 1990. We 
immobilized otters and transported them to a 
ship where they were surgically implanted with 
radiotransmitters (Telonix, Mesa, AZ) by a vet- 
erinarian (Duffy et al., 1993). All methods used 
in this study were approved by an independent 
Animal Care and Use Committee at the Univer- 
sity of Alaska Fairbanks. 

Radiolocations of otters in both oiled and 
nonoiled study areas were obtained from small 
boats by following a fixed route designed to dis- 
tribute our efforts evenly across both study areas 
during summer (June-September) 1990. Where 
we located otters near the initial boundary of our 
study areas, we extended our search substantial- 
ly so as not to underestimate their home-range 
size. We also searched areas well outside our 
study areas using a fixed-winged aircraft in July 

and August 1990. We randomized the starting 
times for our surveys and collected data across 
the full 24-h period to minimize the possible 
bias of activities of otters on radiolocations. We 
attempted to obtain radiolocations of otters each 
day. This was facilitated by long hours of day- 
light except during late summer, when darkness 
or bad weather made operating small boats in 
these remote areas too hazardous; when this oc- 
curred, we selected the next random starting 
time for our survey. 

Where locations of otters were determined 
from the transmitter signal, we used only fixes 
we believe to be accurate within 30 m. This ac- 
curacy was confirmed by relocating transmitters 
placed at sites unknown to those operating re- 
ceivers (Testa et al., 1994). At each site, we at- 
tempted to locate otters visually, but were suc- 
cessful in <10% of such observations. We 
plotted locations of otters on a map with a scale 
of 1:63,000. 

Standard models of home range are not ap- 
plicable for these otters because they primarily 
inhabit a narrow strip of habitat along the coast- 
line (Woolington, 1984). Consequently, we de- 
scribed home ranges of otters in terms of lengths 
of shoreline (km) rather than area. Locations of 
otters were considered extreme values and elim- 
inated from our calculations if an otter was lo- 
cated > 1 km from the nearest location of that 
same otter. We also arbitrarily required that at 
least two locations be made along any shoreline 
for it to be included in our calculations. This 
method likely provided a conservative estimate 
of home-range size for otters, but allowed a val- 
id comparison of home ranges between oiled 
and nonoiled areas. 

Initial surveys of both study areas for signs 
of otter were made in April and June 1989; those 
locations with <10 feces were not classed as 
active sites and were excluded from analyses. At 

Herring Bay, 54 latrine sites were located and 
marked, and, at Esther Passage, 59 latrine sites 
were similarly identified. Active latrine sites, 
which were easy to recognize, were character- 
ized further by the presence of fresh feces, well- 
established trails that were free of recent litter 
fall from surrounding trees and shrubs, and often 
large areas (>5 m in diameter) where understory 
vegetation was reduced by activities of otters. 
Many of these sites also possessed burrows that 
otters occupied. Rocks at the entrance trails to 
these sites frequently had signs of otters, includ- 
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FIG. 1.-Location of study areas for river otters in nonoiled (Esther Passage) and oiled (Herring 
Bay on Northern Knight Island) areas of Prince William Sound, Alaska, following the Exxon Valdez 
oil spill. 
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TABLE 1.-Habitat characteristics sampled at 
latrine sites of river otters in Prince William 
Sound, Alaska. 

Habitat categories Definition and methods 

Coastline topography 

Aspect Dominant direction of the 
shoreline as established with 
a hand-held compass; for la- 
trine sites, aspect deter- 
mined at the point of major 
entry path, and, for random 
sites, it was determined for 
the preselected random 

point 
Exposure Subjective evaluation of sever- 

ity of wave action to which 
the site could be exposed; 
three ranked categories, ex- 

posed, moderate, and pro- 
tected 

Tide Subjective determination of 
status of tide at time of site 
visit; three categories, high, 
midtide, and low 

Complexity Amount of shore line, includ- 

ing offshore islands and ad- 

jacent shores within a circle 
of a 500-m diameter around 
the site; expressed as a ratio 
of total shoreline to the cir- 
cle diameter as identified 
from a 1:63,000 map from 
the United States Geological 
Survey 

Vegetated slope Measured with a compass at 
50 intervals for the portion 
of the site above mean high 
tide 

Tidal slope Measured with a compass at 
50 intervals for the portion 
of the site below mean high 
tide 

Depth at 30 m The water depth (m), taken 30 
m from the mean high tide; 
measured at a point deter- 
mined from a marked line 
stretched perpendicular from 
shore at that point 

Vegetation 
Old growth Old-growth coniferous forest 

considered to be in a climax 
state 

TABLE 1.-Continued. 

Habitat categories Definition and methods 

New growth New-growth coniferous forest 
with young trees, usually 
the result of some distur- 
bance (i.e., logging) and in- 
sufficient time passage to 
return to climax status 

Rock-grass- Areas unvegetated or with 
moss nonwoody plant life 

Brush Various species of shrubs 
Alder Alder trees 

Intertidal substrate 

Sand Sand-fine-grain materials with 
a diameter <0.5 cm 

Gravel Gravel-rock material 0.5-10.0 
cm in diameter 

Small rocks Rock material 10.0-25.0 cm in 
diameter 

Large rocks Rock material 25.0 cm-6 m in 
diameter 

Bedrock Rock material with a diameter 
>6 m 

Freshwater 

Pond distance The straight-line distance in 
meters to the nearest body 
of standing freshwater as 
identified on a 1:63,000 
map from the United States 

Geological Survey 
Stream distance The straight-line distance in 

meters to the nearest flow- 

ing freshwater as identified 
on a 1:63,000 map from the 
United States Geological 
Survey 

ing feces and litter dragged from the site. We 

resurveyed both study areas systematically from 
small boats and examined selected areas (ca. 
15% of the shoreline) from the ground in June 
1990 (Testa et al., 1994). Ultimately, we located 
a total of 131 active latrine sites at Herring Bay 
and 113 sites at Esther Passage. 

We characterized latrine sites with respect to 
their topography, terrestrial vegetation, intertidal 

substrate, and distance from freshwater (Table 
1). Vegetation and intertidal substrate were as- 
sessed for a 10-m arc with its pivotal point at 
mean high tide and extending in the appropriate 
direction (shore or ocean). This point was 

aligned with the most obvious entrance to the 
latrine site. Relative cover of vegetation was es- 
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timated visually. Any category that did not com- 
pose 25% of the supratidal portion of the 10-m 
arc was scored as 0. More abundant vegetational 
types were assigned a rank of 1 to 4 (1 = 25%, 
2 = 50%, 3 = 75%, 4 = 100% cover). This 
method also was used to categorize intertidal 
substrates. Vegetated slopes were measured 
from a point at mean high tide to a point 10-m 
distant toward the latrine site with a hand-held 
compass (nearest 5'). The tidal slope was mea- 
sured similarly from mean high tide to a point 
extending 10 m into the intertidal zone. The 
depth of water 30-m seaward from mean high 
tide also was recorded from a boat to the nearest 
1 m with a marked, weighted rope. We noted 
whether we sampled on high, incoming and out- 
going, or low tides so that our measurements of 
depth could be corrected if necessary. The as- 
pect of the latrine site was recorded in eight 
compass quadrants, and its exposure to wave ac- 
tion was ranked into three broad categories from 
protected to exposed. Using a geographical-in- 
formation system (ARC/INFO, Redlands, CA), 
an index of coastline complexity was calculated 
as the length of shoreline within a 250-m radius 
of the latrine site, divided by 500 m. Thus, a 
ratio of 1.0 would indicate no shoreline com- 
plexity (i.e., a completely straight shore). 
Straight-line distances from latrine sites to the 
nearest freshwater pond or stream also were de- 
termined using the geographical-information 
system. Randomly located sites that did not have 
latrines were sampled using identical methods to 
those for latrine sites at Herring Bay (n = 210) 
and Esther Passage (n = 180) to assess habitats 
available to otters. 

For other aspects of this study (Bowyer et al., 
1994; Testa et al., 1994), we also cleared latrine 
sites of feces in April and then resampled latrine 
sites five times in summer 1989 (June-October), 
providing data on fecal deposition by otters. We 
analyzed these data based on total number of 
feces collected; however, because individual ot- 
ters defecated at more than one site (Bowyer et 
al., 1994), latrines could not be considered in- 
dependent samples for this analysis. Maps of the 
severity of oiling along shorelines in the study 
area at the Herring Bay, available for times near- 
ly coincident with three of our sampling periods 
for latrines, were provided by the Alaska De- 
partment of Environmental Conservation. Al- 
though not infallible, we are confident these 
maps are accurate enough to group shorelines 

into two broad categories-heavily oiled and 
nonoiled. Consequently, we used the geograph- 
ical-information system to overlay maps from 
the Alaska Department of Environmental Con- 
servation and our maps of latrine sites to deter- 
mine the amount of feces at latrine sites along 
heavily oiled and nonoiled shorelines within the 
study area at Herring Bay. 

Statistical analyses.--Models of habitat selec- 
tion by otters were developed using step-wise 
logistic regression (Agresti, 1990; Dixon, 1985); 
sites used as latrines by river otters were coded 
as 1 and random sites were coded as 0. We con- 
trolled for multicollinearity by eliminating one 
of any pair of variables with r > 10.351. The 
remaining independent variables were offered to 
each of three models: one for the oiled area 
(Herring Bay); one for the nonoiled area (Esther 
Passage); one for both areas combined (pooled). 
We ensured that data did not depart from a lo- 
gistic model with a Hosmer-Lemeshow good- 
ness-of-fit chi-square test. Variables that entered 
any of the models were tested with a use (ran- 
dom and latrine sites)-by-area (oiled and non- 
oiled) multivariate analysis of variance to ask 
whether selection by otters differed between ar- 
eas. Significant differences revealed by multi- 
variate analysis of variance indicated otters se- 
lected for (use > availability) or against (use < 
availability) various habitat components be- 
tween areas; this method allowed comparisons 
of habitat selection by otters where availability 
of habitat components differed between areas. 

We determined whether an adequate number 

(X = 25 locations/otter) of telemetric locations 
was obtained to determined the size of home 
range for each otter by plotting the size of home 
range against the cumulative number of loca- 
tions; we judged sample size to be adequate 
when an asymptote in this relationship was 
reached. This criterion resulted in our eliminat- 
ing data for three otters. We tested for differ- 
ences in size of home ranges of individuals with 
analysis of variance using area (oiled, nonoiled), 
sex, and their interaction as main effects. 

RESULTS 

Maps prepared by the Alaska Department 
of Environmental Conservation indicated 

that, by August 1989, ca. 26% of the study 
area at Herring Bay was heavily oiled, 37% 
received no obvious oil, and the remaining 
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TABLE 2.-Fecal deposition by river otters at latrine sites on heavily oiled and nonoiled shorelinesa 
in Herring Bay, Prince William Sound, Alaska 1989. 

Heavily oiled Nonoiled 

Sampling Latrines Total feces Feces per Latrines Total feces Feces per 
period sampled collected latrine sampled collected latrine pb 

Late May 24 96 4.0 39 266 6.8 <0.001 
Late June 27 45 1.7 34 139 4.1 <0.001 
Mid-August 36 120 3.3 31 94 3.0 -0.050 

aDetermination of degree of oiling is from maps by the Alaska Department of Environmental Conservation for 31 May, 30 
June, and 31 August. 

b P-values are from a chi-square test with df = 1; expected values for the x2 were calculated by assuming that otters on oiled 
shorelines deposited feces in the same amounts as otters from nonoiled areas and vice versa. 

areas received intermediate levels of oil. 
During May, June, and August, collections 
of feces at 24, 27, and 36 latrine sites, re- 
spectively, were in heavily oiled zones, 
whereas collections at 39, 34, and 31 sites, 
respectively, were in areas without oil. The 
number of latrine sites in each category var- 
ied because oil continued to be spread by 
currents, tides, and winds throughout sum- 
mer 1989. This movement of oil prevented 
us from continuing this analysis beyond 
August. The number of feces collected was 
significantly lower on areas with oil than on 
unoiled areas in June and July, but not in 
August (Table 2). 

Random locations of habitat samples 
within study sites at both Herring Bay and 
Esther Passage indicated these areas were 
similar in many habitat features (Table 3). 
There were differences in the general ori- 
entation of the study areas: Esther Passage 
had more shores with a N or S aspect; Her- 
ring Bay had more E and W aspects (Fig. 
1, Table 3). Coastlines in Herring Bay were 
somewhat more complex and distance to 
small streams was greater than in Esther 
Passage. Esther Passage had deeper water 
30 m from mean high tide, mostly because 
of unusually deep sites in the Port Wells 
segment of the study area (Fig. 1, Table 3). 
Cover of old-growth forest was higher at 
Esther Passage than Herring Bay, but so 
was new growth because of some logging 
at the northern end of the passage. Because 
of these differences, we used a statistical 

approach that controlled for variation in 
habitat availability between areas. 

We examined habitat selection by river 
otters on a finer scale than provided by 
number of feces deposited (Table 2) by de- 
veloping logistic-regression models based 
on latrine sites and random sites. Some 
variables in Table 3, however, were not of- 
fered for step-wise inclusion in logistic 
models. For instance, tidal slope was posi- 
tively correlated with depth at 30 m from 
mean high tide (r = -0.40), but inversely 
related to the relative amount of small rocks 
in the intertidal zone (r = -0.38); bedrock 
and large rocks also were negatively cor- 
related (r = -0.77). Likewise, the relative 
abundance of old-growth forest was nega- 
tively correlated with both alder (r = 

-0.37) and the grass-rock (r = -0.64) veg- 
etation types; brush and grass-rock also 
were inversely related (r = -0.44). Con- 

sequently, we eliminated depth at 30 m, 
small rocks, bedrock, alder, and the grass- 
rock type from consideration in our models. 

The logistic model with study sites 
pooled (Herring Bay and Esther Passage) 
indicated that steepness of the vegetated 
slope and amounts of old-growth forest and 
understory brush were the most important 
habitat characteristics explaining differ- 
ences between used (latrine) and available 
(random) sites (Table 4). The inclusion of 
area (oiled or nonoiled) in the model also 
indicated that some unmeasured variable 
(ostensibly oiling) was important in deter- 
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TABLE 3.-Use (latrine sites) and availability (random sites) of shoreline habitats (X + 1 SD) by 
river otters on nonoiled (Esther Passage) and oiled (Herring Bay) study areas in Prince William 
Sound, Alaska, summer 1990. 

Nonoiled Oiled 

Habitat Random sites Latrine sites Random sites Latrine sites 
characteristicsa (n = 180) (n = 113) (n = 210) (n = 128) 

Coastline topography 

Aspect (E-W)b 0.001 ? 0.698 0.035 ? 0.689 -0.017 ? 0.755 0.043 ? 0.761 
Aspect (N-S)b -0.111 ? 0.708 -0.126 ? 0.719 0.106 ? 0.643 0.057 ? 0.651 
Exposure (0-2) 0.75 ? 0.72 0.57 ? 0.72 0.97 ? 0.76 0.91 ? 0.74 
Tide (1-3) 2.1 ? 0.7 2.0 ? 0.7 2.0 ? 0.8 1.9 ? 0.5 
Complexity (ratio) 1.383 ? 0.468 1.374 ? 0.493 1.560 ? 0.522 1.488 ? 0.502 
Vegetated slope (o) 37.7 ? 18.0 26.8 ? 11.6 36.0 ? 16.1 29.3 ? 9.1 
Tidal slope (o) 23.9 ? 15.9 18.7 ? 11.3 25.2 ? 14.5 27.7 ? 11.8 
Depth 30 (m) 12.6 ? 7.4 10.9 ? 7.4 7.7 ? 4.7 9.1 ? 4.9 

Vegetation (ranked 0-4) 
Old growth 1.5 ? 1.1 2.3 ? 0.9 1.1 ? 0.9 2.8 ? 1.1 
New growth 0.3 ? 0.5 0.0 ? 0.0 <0.1 + 0.2 0.1 ? 0.3 
Brush 1.4 ? 1.0 1.0 ? 0.8 0.6 ? 0.7 0.5 ? 0.6 
Alder 0.2 ? 0.5 <0.1 ? 0.2 0.8 ? 0.7 0.2 ? 0.4 

Intertidal substrate (ranked 0-4) 
Sand <0.1 ? 0.1 <0.1 ? 0.1 <0.1 ? 0.1 0.0 ? 0.0 
Gravel 0.1 ? 0.4 0.2 ? 0.8 0.1 ? 0.5 <0.1 ? 0.2 
Small rocks 1.0 ? 1.1 0.4 ? 0.7 0.5 ? 0.9 0.2 ? 0.7 
Large rocks 1.5 ? 1.3 0.9 ? 1.1 1.4 ? 1.4 1.9 ? 1.6 
Bedrock 1.5 ? 1.6 2.5 ? 1.6 2.1 ? 1.8 1.8 ? 1.7 

Freshwater 

Pond distance (m) 1,287 ? 667 1,270 ? 650 1,349 ? 803 1,408 ? 779 
Stream distance (m) 802 ? 533 832 ? 538 1,450 ? 884 1,664 ? 1,006 
a Habitat variables are described in Table 1. 
b Directional data were sine-sine-' transformed. 

mining habitat selection by otters (Table 4). 
For the nonoiled area (Esther Passage), tidal 
slope, vegetated slope, large rocks, and old- 
growth forest comprised the best model, 
whereas only vegetated slope and old- 
growth forest entered the model for heavily 
oiled Herring Bay (Table 4). All models 
predicted 80-83% of locations correctly 
with respect to whether they were latrines 
or random sites. 

We then used variables selected by the 
three logistic models to test for differences 
in habitat selection between oiled and non- 
oiled areas. Multivariate analysis of vari- 
ance indicated an overall difference in hab- 
itat selection by otters in oiled and nonoiled 
study areas (Fig. 2). Otters on both areas 
selected old-growth forest, but selection 

was significantly stronger on the oiled area. 
Similarly, otters selected vegetated slopes 
that were less steep, with selection being 
marginally stronger on the nonoiled area 
(Fig. 2). Differences in selection for brush 
were not significant between areas. Nota- 
bly, the direction of selection differed be- 
tween study areas for tidal slope and large 
rocks. Otters on the oiled study site avoided 
(use < available) shallow tidal slopes, 
whereas otters on the nonoiled area selected 
(use > available) them. Likewise, otters 
from the oiled area selected large rocks, 
while otters from the nonoiled area avoided 
them (Fig. 2). 

Mean size of home ranges of river otters 
during summer, as determined from tele- 
metric locations, was about twice as large 
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TABLE 4.---Step-wise logistic regression mod- 
els of habitat selection by river otters in Prince 
William Sound, Alaska, based on latrine sites 
and random locations, summer 1990. Tabled 
values are odds ratios; values >1 show selection 
for a variable and values <1 indicate avoid- 
ance. The magnitude of these numbers indicates 
the relative degree to which habitat variables 
were selected or avoided. Blanks indicate that a 
variable did not enter a particular model. All 
models were highly significant (P < 0.001). 

Habitat Logistic modelb 

variables Pooled Nonoiled Oiled 

Areaa 2.39 
Tidal slope 0.97 

Vegetated slope 0.93 0.95 0.94 

Old-growth forest (ranks 1-4 indicate increasing 
abundance) 

(1) 1.50 1.59 2.20 
(2) 14.40 29.90 8.40 
(3) 37.20 16.10 39.70 
(4) 225.00 39.70 217.00 

Brush (ranks 1-4 indicate increasing abundance) 

(1) 2.33 
(2) 7.09 
(3) 16.40 
(4) 16.20 

Large rocks (ranks 1-4 indicate increasing abundance) 

(1) 0.47 

(2) 0.26 

(3) 0.46 

(4) 0.13 

a The inclusion of area in the pooled model indicates habitat 
selection differed on oiled and nonoiled areas. 

bPercentage of sites correctly classified was 81.1% with 
pooled model, 80.2% with nonoiled model, and 83.4% with 
oiled model. 

on oiled as on nonoiled study areas (Fig. 
3). Statistical analysis indicated males pos- 
sessed marginally larger home ranges than 
females; no sex-by-area interaction oc- 
curred (Fig. 3). 

DIscussIoN 

River otters on oiled areas initially ad- 

justed their use of habitat as a result of the 
oil spill as evidenced by lower numbers of 
feces deposited at latrine sites in heavily 
oiled zones within Herring Bay as opposed 
to those that received no obvious oil in May 

and June 1989; no difference occurred in 
August (Table 3). Maps from the Alaska 
Department of Environmental Conservation 
of oiled areas, however, lack high resolution 
and do not consider other habitat character- 
istics that affect use of shorelines by river 
otters. Further, care must be used in infer- 
ring habitat use from fecal deposition by 
otters (Kruuk and Conroy, 1987; Kruuk et 
al., 1986, 1989; Mason and MacDonald, 
1987; Rowe-Rowe, 1992), although biases 
from weathering of deposited feces would 
not be expected to differ between oiled and 
nonoiled latrines in Herring Bay. 

In 1990, we restricted our analysis to dif- 
ferences in habitat selection between Her- 
ring Bay (oiled) and Esther Passage (non- 
oiled). In general, habitats used by otters in 
both study areas parallel those reported by 
Larsen (1984) and Woolington (1984) for 
river otters in a marine environment in 
southeastern Alaska, and by Stenson et al. 
(1984) for otters in British Columbia. With- 
in this pattern, however, significant differ- 
ences in habitat selection between our study 
areas were documented (Fig. 2). Most no- 
table was that otters selected tidal slopes 
that were steeper on the oiled area and shal- 
lower on the nonoiled study site. We inter- 

preted this outcome as indicating that otters 
on the oiled area were avoiding shallower- 

sloped tidal areas where oiling was most 
severe and likely persisted the longest. Sim- 

ilarly, selection by otters for large rocks on 
the oiled area may reflect the use of sites 
with more exposed tidal slopes and greater 
wave action, again to avoid persistent crude 
oil. Despite an intensive effort to clean oil 
from this area, evidence of oil persisted 
throughout summer 1990 (Duffy et al., 
1993). Thus, habitat selection on the oiled 
area likely was altered by changed in avail- 

ability of habitats caused by oil contami- 
nation Further, these outcomes indicate that 
differences in the selection of habitat by ot- 
ters on oiled and nonoiled study areas per- 
sisted into summer 1990 and likely resulted 
from changes in habitats selected for use as 
latrines since 1989. The larger size of home 
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FIG. 2.-Use (latrine sites) minus availability (random sites) of shoreline habitats on nonoiled 
(Esther Passage) and oiled (Herring Bay) study areas in Prince William Sound, Alaska, during sum- 
mer 1990. Positive values indicate selection for a habitat feature (use > available) and negative 
values (use < available) show avoidance. F-value and P-values are from multivariate analysis of 
variance; habitat variables were selected by step-wise logistic regressions (Table 4). 
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FIG. 3.-Mean home-range size for river ot- 
ters on nonoiled (Esther Passage) and oiled 
(Herring Bay) study areas in Prince William 
Sound, Alaska, during summer 1990. P-values 
were <0.05 for oiled versus nonoiled area, 
<0.10 for males versus females, and >0.75 for 
sex-area interaction. 

ranges for otters on the oiled area (Fig. 3) 
also supports our conclusion that otters 
were avoiding areas with oil. 

River otters also showed strong selection 
for old-growth forest on both study sites de- 
spite its common occurrence (Table 2, Fig. 
2). Such areas were sheltered by the over- 
story tree canopy, and the roots of these 
large conifers often created holes and crev- 
ices that were used by otters. Also, such 
depressions often held freshwater from 
summer rains. Although some latrines were 
located in areas with naturally regenerating 
conifers in Herring Bay, none occurred in 
new growth on the commercially logged 
area of Esther Passage. Larsen (1984) also 
reported heavy use of old-growth habitat 
and avoidance of clear-cut areas by marine 
populations of river otters in southeastern 
Alaska. These outcomes suggest that old- 
growth forest along suitable shorelines in 
Prince William Sound is a critical compo- 
nent of habitat for otters. Otters on both 
study areas also selected more gentle slope 
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for entrances to latrine sites (vegetated 
slope; Table 3). 

European otters (Lutra lutra) living in 
marine environments require sources of 
freshwater for the proper care of their pel- 
age (Kruuk and Balharry, 1990). Failure of 
distance to freshwater in entering our logis- 
tic-regression models probably is explained 
by the abundance of freshwater ponds and 
streams on our study areas. Because of their 
relatively large home ranges (Fig. 3), most 
otters would have easy access to a source 
of freshwater. Moreover, freshwater usually 
was available in holes and depressions at 
latrine sites during summer rain showers, 
which occurred regularly. 

River otters living in marine environ- 
ments along the coast of Maine selected 
habitats that included complex shorelines 
(Dubuc et al., 1990). Failure of our analyses 
to detect such selection by otters in Prince 
William Sound probably was because most 
shores on both study areas were convoluted 
and complex (Table 2). Although the 500-m 
scale we selected provides an index to 
shoreline complexity for each latrine and 
random point, which is reasonable for an 
animal with the mobility of an otter, it also 
led to some overlap of circles for latrine 
sites and random points. Such overlap re- 
duced the power to detect selection for this 
habitat feature. 

River otters living on the oiled area also 
exhibited lower body mass than those in- 

habiting the nonoiled area in 1990 (Duffy 
et al., 1993). By summer 1992, however, 
otters live-captured in oiled areas of Prince 
William Sound were heavier than during 
1990 or 1991; whether or not this represents 
recovery from the effects of the spill is un- 
certain (Duffy et al., 1994). Moreover, we 
are unsure whether this lower body mass in 
1990 was the result of toxological exposure 
to crude oil (Duffy et al., 1993, 1994a), 
changes in abundance or vulnerability of 
prey, or otters changing their patterns of 
habitat selection as a result of oil-contami- 
nated shorelines. Otters from the oiled area 
in 1990 had a less-diverse diet than those 

living in the nonoiled area (Bowyer et al., 
1994). When considered together, these 
findings implicate exposure to crude oil as 
the likely cause of such outcomes. We 
know of no other factor over the 80 km of 
shoreline we sampled in each area that 
might have caused such differences. Indeed, 
otters throughout wide areas of Prince Wil- 
liam Sound began abandoning the use of 
latrine sites at a much higher rate on oiled 
than nonoiled sites in 1991 (Duffy et al., 
1994a). 

High rates of mortality for river otters 
probably did not occur immediately follow- 
ing the Exxon Valdez oil spill (Testa et al., 
1994). Nonetheless, habitat selection, 
home-range size, diet, body mass, and 
blood chemistry differed between otters liv- 

ing in oiled and nonoiled areas following 
the spill (present study; Bowyer et al., 
1994; Duffy et al., 1993, 1994a). Otters are 

relatively long-lived mustelids 
(-12 

years), 
in which age at first reproduction and po- 
tential reproductive rate are ostensibly re- 
lated to physical condition (Dockor et al., 
1987; Kruuk et al., 1991). Consequently, 
changes in survivorship and reproduction 
may occur as a result of otters moving 
greater distances and having fewer body re- 
serves (i.e., lower body mass) on the oiled 
area. High rates of abandonment of latrine 
sites on oiled areas in 1991 (Duffy et al., 
1994a) may reflect such changes. We be- 
lieve that additional research is necessary 
to evaluate the long-term consequences of 
this oil spill on river otters and presumably 
other animals inhabiting Prince William 
Sound. 
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Abstract. In contrast to road mortality, little is known about amphibian railroad mortality. The aim of this study was 
to quantify amphibian mortality along a railway line as well as to investigate the relationship between the availability 
of breeding sites in the surrounding habitats and the monthly variation of amphibian railway mortality. The study was 
conducted from April to July 2011 along 45 km of the railway line Kraków - Tarnów (Poland, Małopolska province). 
Three species were affected by railway mortality: Bufo bufo, Rana temporaria and Pelophylax kl. esculentus. Most dead 
individuals (77%) were adult common toads. The largest number (14) of amphibian breeding sites was located in the 
most heterogeneous habitats (woodland and rural areas), which coincides with the sectors of highest amphibian mor-
tality (42% of all accidents). As in the case of roads, spring migration is the period of highest amphibian mortality 
(87% of all accidents) on railroads. Our findings suggest that railroad mortality depends on the agility of the species, 
associated primarily with the ability to overcome the rails. 

Keywords. Habitat effect, seasonality effect, common toad, Poland.

One of the main consequences of urbanization is the 
construction of new communication 

networks, e.g. linear infrastructures such as roads 
and railways. Roads are physical barriers to animal 
migration, which may have negative consequences both 
in terms of animal mortality and habitat fragmentation 
(Andrews and Gibbons, 2005) and, in turn, may lead 
to isolation of populations through reduced movement 
and gene flow (Gibbs, 1998; St. Clair, 2003). Among 
vertebrates, amphibians are the most affected by these 
threats (Stuart et al., 2004). Their requirement of aquatic 
habitats and reproduction-dependent seasonal migra-
tions make them particularly vulnerable to the negative 
impact of road traffic (Hels and Buchwald, 2001; Hamer 
and McDonnell, 2008). Apart from roads, railways may 
also act as migratory barriers and thus negatively affect 
amphibian populations (Berthoud and Antoniazza, 1998; 
Ray et al., 2002). To date, the impact of railways on 
amphibians has not been established and, in contrast to 
the issue of amphibian road mortality (Carr and Fahrig, 

2001; Mazerolle, 2004; Sirello, 2008; Sutherland et al., 
2010), data on amphibian mortality due to the presence 
of railways are very scarce (Berthoud and Antoniazza, 
1998; Vos et al., 2001; Reshetylo and Briggs, 2010). The 
aim of this study was to quantify amphibian mortality 
along a railway line and to investigate the effect of the 
surrounding habitat and the seasonal variation of rail-
way mortality of amphibians. The study was conducted 
along 45 km of the line Podłęże - Biadoliny (direction 
Kraków - Tarnów, southern Poland) (Fig. 1). The railroad 
is constituted by two rail lines that split into several oth-
ers where large stations occur. The track spacing is 1.435 
m wide, and the height of the rail profile is 0.172 m. The 
substrate of the tracks is made of stones. The average dai-
ly number of trains running on this route in both direc-
tions is about 60. The trains run between 3:00 am and 
23:00 pm. The average frequency of trains is 2-3 trains 
/ h, increasing up to 3-4 trains / h from 14:00 to 20:00 
(due to a lack of data, freight trains were not included). 
The study site included highly urbanized and agricultural 
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areas, grasslands and forests. Numerous ditches, oxbows 
and wetlands, as well as some larger water bodies, such 
as fish ponds, occur near the railway line and constitute 
potential breeding habitat for amphibians. The stretch 
was divided into 30 transects associated with different 
types of habitat. Five types of transects were established: 
‘woodland’ transects with woodland on both sides of the 
railroad (six transects; total length: 11.35 km), ‘woodland 
and rural areas’ transects with woodland on one side of 
the railroad and rural areas on the other side (four tran-
sects; total length: 6.16 km), ‘rural areas’ transects with 
rural areas on both sides of the railroad (10 transects; 
total length: 14.74 km), ‘open areas’ transects with open, 
natural areas (eight transects; total length: 9.8 km) and 
‘urban areas’ transects (two transects; total length: 3.25 
km). The study was conducted from April to July 2011. 
In April and May each transect was monitored twice a 
month, while in June and July, once a month. All tran-
sects were surveyed on foot. The duration of each survey 
was 1 to 3 hours. The surveys were conducted from the 
morning until the evening (often three or four transects 
a day), usually in sunny and dry weather. All findings 
of dead amphibians were georeferenced, photographed, 
and information on amphibian species and age (juvenile 
or adult) were taken. This detailed information ensured 
that we avoided recounting of dead individuals, even 
though we did not remove dead amphibians from the 
rails. Additionally, the presence of dead reptiles was reg-
istered. A buffer zone of about 150 m on both sides of 
the railway was monitored for the presence of amphib-
ians and potential reproductive sites at the same time as 
the railway mortality surveys. The inspections consisted 
of searching through all ditches, pools, puddles and water 
bodies, their edges and vicinities. The water reservoirs 
were also dipnetted. All individuals were released after 
identification in the field. The determination of amphib-
ian presence was based on direct observations of adults 

and juveniles, as well as on observations of spawn, lar-
vae and male mating calls. All observed green frogs 
were classified as Pelophylax kl. esculentus. Chi square 
tests were used to assess differences in railroad mortality 
depending on habitat type and month. Additionally, dif-
ferences in number of breeding sites in different habitat 
types were assessed. The analysis included only breeding 
sites of species affected by railroad mortality. Then, dif-
ferences between pairs of habitat types in respect to rail-
road mortality and breeding site abundance were tested. 
Spearman’s correlation was used to measure the associa-
tion between the number of dead specimens found on 
the railroad for each species with the number of repro-
ductive sites found in the buffer zone. 

Within the study area we found the following species 
(the number of breeding sites is given in parentheses): 
the agile frog Rana dalmatina (23 sites), the common 
frog R. temporaria (7 sites), the moor frog R. arvalis (1 
site), the green frogs Pelophylax kl. esculentus (43 sites), 
the European tree frog Hyla arborea (1 site), the fire-bel-
lied toad Bombina bombina (10 sites), the common toad 
Bufo bufo (5 sites), the great crested newt Triturus cris-
tatus (4 sites), and the smooth newt Lissotriton vulgaris 
(1 site). A total of 62 dead individuals of three species 
(B. bufo, R. temporaria and P. kl esculentus) were found 
within the area of the railway tracks. Seven frog speci-
mens were not identified. Most dead amphibians were 
adult common toads (77%), and a large proportion of 
dead frogs (73%) were juveniles. The transect differed in 
terms of amphibian mortality (χ2 = 54.4, df = 4, p-value < 
0.001): the majority of the amphibian mortality occurred 
in woodland and rural areas ( Fig. 2, Table 1). The buff-
er zone areas (habitat types) varied in terms of amphib-
ian breeding site abundance (χ2 = 10.8, df = 4, p-value < 
0.05). Most of the breeding sites (of amphibians affected 
by railroad mortality) were located in the ‘woodland and 
rural areas’ type (Table 2). The number of dead speci-

Fig. 1. Location of the surveyed transect in Poland. Legend: A - surveyed transect of railway line, B - further railway line, C - rivers, D - 
forests.
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mens and the number of reproductive sites occurring in 
the habitat types was not significantly correlated for any 
of the species. However, this association is present if all 
dead frogs (Rana temporaria, Pelophylax kl.esculentus and 
unspecified Rana/Pelophylax) are taken together (R = 
0.436, p-value < 0.05). There is also a significant relation-
ship between dead B. bufo and breeding sites abundance 
(R = 0.458, p-value < 0.001), if three breeding sites situat-
ed outside the buffer zone (up to 1.3 km in a straight line 

from the tracks) (Budzik K. M., pers. inf.) are taken into 
account. The majority of dead amphibians were found 
at the beginning of the reproductive season (χ2 = 128.2, 
df = 3, p-value < 0.001; Fig. 3). Most dead amphibians 
found in April were spatially clustered, while in the fol-
lowing months the specimens were scattered. Many of the 
toads (58%) were found within the railroad tracks and 
their remains were fragmented. The remaining individu-
als, as well as other dead amphibians, were not mechani-
cally damaged. All dead frogs were found outside of the 
railroad track. Additionally, in May we found one road-
killed fire-bellied toad under one of the rail viaducts. We 
found six dead grass snakes (Natrix natrix), one of which 
was found near a dead common toad (Fig. 4). 

To our knowledge, this study - despite being largely 
exploratory - reports the first empirical data on amphib-
ian railway mortality. Our results show that railway 
mortality is a real threat for amphibians, an issue that 
requires deeper evaluation for conservation planning. 
The amphibians found in the study area are common in 
this region of Poland (Głowaciński and Rafiński, 2003). 
Furthermore, two of the three species affected by rail-
road mortality (B. bufo, R. temporaria), are among the 
most common European amphibians, for which there 
is evidence of great road-mortality (Orłowski, 2007; 
Bonardi et al., 2011; Matos et al., 2012). The high num-
ber of amphibians killed along woodland and rural 
areas is likely associated with the abundance of breed-
ing sites in these types of habitats. However, the results 
predominantly relate to the common toad, therefore they 
are highly conditioned by this species, which typically 
inhabits heterogeneous habitats (Pavignano et al., 1990). 

Fig. 2. Number of dead individuals (including their age) found in 
different types of habitat: woodland (A), woodland and rural areas 
(B), rural areas (C) and open areas (D).

Table 1. Chi-square test comparing the railroad mortality between each pair of habitat types. “-” refers to low expected frequencies, test is 
not applicable. 

Woodland Woodland and Rural Rural Open

Woodland and Rural χ2 = 5.4, df=1, p < 0.05
Rural χ2 = 11.5, df=1, p < 0.001 χ2 = 31.7, df=1, p < 0.001
Open χ2 = 11.5, df=1, p < 0.001 χ2 = 27.7, df=1, p < 0.001 -
Urban χ2 = 6.9, df=1, p < 0.01 χ2 = 13.2, df=1, p < 0.001 - -

Table 2. Chi-square test comparing the number of B. bufo, R. temporaria, and P. kl esculentus breeding sites between each pair of habitat 
types. “-” refers to low expected frequencies, test is not applicable. NS: non significant p-value.

Woodland Woodland and Rural Rural Open

Woodland and Rural χ2 = 1.7, df=1, NS
Rural χ2 = 2.7, df=1, NS χ2 = 8.4, df=1, p < 0.01
Open χ2 = 1.1, df=1, NS χ2 = 4.8, df=1, p < 0.05 -
Urban χ2 = 1.3, df=1, NS χ2 = 3.4, df=1, NS - -
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Most dead amphibians were spatially clustered in April 
but this result appears conditioned by the large number 
of common toads and their mass migrations to breed-
ing sites. Toads were scattered after the breeding season, 
suggesting seasonal migrations towards feeding grounds. 
Additionally, as in the case of roads (Hels and Buchwald, 
2001; Hamer and McDonnell, 2008), spring migration 
seems to be the period of highest amphibian mortality 
on railroad tracks. Undetermined frogs were probably 
representatives of the common frog or moor frog, which 
awakened from hibernation in April. The peak of green 
frog mortality in June may indicate dispersal in search of 
new habitats because of the gradual drying of habitat in 
ditches alongside the railroad tracks. The fragmentation 
of the remains of common toads clearly suggests that the 
direct cause of death was collision with a train. The short 
limbs of these animals reduce their ability of overcoming 
barriers such as rails. In addition, numerous studies have 
shown that amphibians are likely to remain immobile if 

faced with an approaching light (Cornell and Hailman, 
1984; Mazerolle et al., 2005). Thus, it is possible that 
common toad activity can be disturbed under train light, 
increasing the risk of mortality. The toads that were not 
damaged, but trapped inside the track, probably died 
of dehydration. Because dead frog individuals were not 
mechanically damaged, we suppose that they were prob-
ably hit by a train while trying to overcome the rails. The 
majority of dead frogs were juveniles. We suggest that 
most adults, able to hop farther and faster than the juve-
niles, may migrate more successfully. We did not find 
any dead individuals of the agile frog, the European tree 
frog, the fire-bellied toad or newts. As regards the latter, 
small-sized species may avoid the tracks because they 
are unable to cross them. To successfully migrate, their 
only option may be to avoid the rails and rather move 
along the viaducts: this suggestion is worthy of further 
investigation. However, this result may also be due to a 
sampling issue: on the one hand, small-sized amphibians 
dry up faster; on the other hand they may be crushed 
by a train; either way, this would make them very diffi-
cult to detect (Dodd et al., 2004; Mazerolle et al., 2005). 
There is also the possibility that small-sized amphibians 
may migrate through a gap under the railway. The agile 
frog and probably the other frogs seem to successfully 
cross the rails, probably thanks to their jumping ability. 
Railroad mortality seems to depend on physical features 
(such as body size, limb length) and may be associated 
with the agility of the species. In the case of roads, agil-
ity was related mainly to velocity of the individual (Sch-
lupp and Podloucky, 1994; Hels and Buchwald, 2001), 
while in the case of railroad tracks, agility relates pri-
marily to the ability to overcome obstacles. Due to its 
physical features, the common toad was more likely to 
become stranded at the rail, indicating that this species 
is more vulnerable to railway mortality. However, other 
species that do not cross the track because of their small 
body size may also be affected by the railroad, but at the 
level of gene flow (Reh, 1989; Vos et al., 2001) which 
represents a conservation issue that is worthy of further 
study. 

Further investigations examining in detail the effect 
of individual physical features on amphibian railroad 
mortality, railway-related migration behavior of amphib-
ians, as well as gene flow among amphibian populations 
isolated by railway line, are warranted.
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Fig. 3. Number of dead individuals found in each month of the 
survey. 

Fig. 4. Dead common toad (Bufo bufo, arrow) on the tracks with 
dead grass snake (Natrix natrix). Photo by K.M. Budzik.
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Train kills grizzly bear  
Updated 5 months ago 

The Daily Inter Lake 

Apr 17, 2014 - A 500-pound grizzly bear has been hit and killed by a train on the west shore of 
Whitefish Lake, and a female grizzly caught in the Foothill Road area has been relocated. 

The 7-year-old male bear's carcass was picked up by Tim Manley, a Montana Fish, Wildlife and 
Parks grizzly bear manager, and BNSF Railway employees on July 3. 

The bear was a transplant, originally captured near Simms last fall after getting into beehives 
along the Sun River. The bear was relocated to the Marias Pass area and it was last located in the 
Great Bear Wilderness last October. 

On July 5, Manley captured the yearling female on private land near Krause Creek. He said the 
120-pound bear had been getting into garbage and dog food in the Foothill Road and Echo Lake 
areas. 

The same bear was captured several weeks ago in the same area and moved to the Wounded 
Buck Creek Area on the east slopes of the Swan Range, in hopes of reuniting the bear with its 
radio-collared mother. 

This time the bear was moved farther north and released in the Whale Creek area of the North 
Fork Flathead River drainage. 

 
http://www.dailyinterlake.com/news/local_montana/transplanted-female-grizzly-may-have-been-
killed-by-train/article_30161e3c-f468-54b2-b4cc-7b03226ed35f.html?mode=jqm 

Transplanted female grizzly may have been 
killed by train  
Updated 4 months ago 

The Daily Inter Lake 



Apr 22, 2014 - Two dead grizzly bears recently have been found by wildlife officials in 
Northwest Montana. 

One is a young female bear that was relocated to the Cabinet Mountains as part of a population 
augmentation program. 

The 3-year-old grizzly was found in the Clark Fork River west of Noxon, and was most likely hit 
by a train on tracks that skirt the river. 

Montana Fish, Wildlife and Parks Warden Sgt. Jon Obst and Wayne Kasworm, a biologist with 
the U.S. Fish and Wildlife Service, recovered the carcass after Montana Rail Link reported that a 
train had possibly hit a bear the night of Oct. 20. A signal from a GPS collar on the bear helped 
them find the carcass. 

The bear was X-rayed in Kalispell, determining that there was no evidence it had been shot. 

The bear had been captured and moved July 24 from the Stillwater drainage near Trego to the 
Cabinet Mountains as part of a program aimed at boosting the region's imperiled grizzly bear 
population. 

Several bears have been moved in the last couple of years from the Northern Continental Divide 
Ecosystem to the Cabinet-Yaak grizzly bear recovery area. 

State and federal wardens also are investigating the death of another grizzly bear that was found 
dead on Oct. 24 in the Fishtrap drainage of the Thompson River, about 18 miles north of 
Thompson Falls. The bear's carcass was significantly decomposed. 

Those with any information related to the bear's death are urged to contact Warden Captain Lee 
Anderson at 751-4561 or the U.S. Fish and Wildlife Service in Missoula at 329-3000 or by 
dialing 1-800-TIP-MONT. 

Callers may be eligible for a reward. 
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Abstract-River otters (Lutra canadensis) living in marine environments of Prince William Sound, Alaska, and exposed to crude 
oil from the Exxon Va/dez spill in March 1989 showed elevated levels of blood haptoglobins, and interleukin-6 ir, as well as 
elevated activities of aspartate aminotransferase, alanine aminotransferase, and creatine kinase in summer 1991 Stepwise lo 
gistic regression, using a subset of these and other blood proteins and enzyme activities as potential independent variables, cor 
rectly classified 86 4% of 22 otters as inhabiting oiled or nonoiled areas River otters abandoned latrine sites (an index to their 
abundance) over three times more often in oiled than in nonoiled areas, suggesting there may have been a delayed response in 
river otter populations to exposure to crude oil Ours is the first clear model for the long-term effects of an oil spill on blood 
parameters of a free-ranging mammal using a nonlethal methodology These effects occurred two years after the spill and fol 
lowing a major effort to clean oil from the shorelines of Prince William Sound 

Keywords --Lutra canadensis Exxon Valdez oil spill Haptoglobins Blood enzymes Chronic effects 

INTRODUCTION 

River otters (Lutra canadensis) are widely distributed 
along coastal shores of the Pacific Northwest, including 
Prince William Sound, Alaska As near-shore foragers on 
marine fishes and invertebrates in intertidal and subtidal 
zones [1,2], they are potentially excellent indicators of ma- 
rine pollution such as that from the Exxon Valdez oil spill 
of March 1989 [3,4] In that spill, over I1 million gallons of 
North Slope crude oil was carried over more than 3,500 km 
of shoreline in Prince William Sound (Fig 1) We previously 
documented [5] that one year after the oil spill and an exten- 
sive effort to clean shorelines, river otters from a heavily oiled 
area (Herring Bay on northern Knight Island) had lower body 
mass and higher levels of blood haptoglobins than otters in- 
habiting a nonoiled area (Esther Island, Fig 1) We hypoth- 
esized that elevated haptoglobin levels over so long a period 
could indicate chronic inflammation and liver injury, or be 
related to  the hemolytic anemia observed in birds [6,7] and 
sea otters (Enhydra lutrzs) [8] after acute exposure to oil 
Nevertheless, because otters initially were live-trapped over 
about 80 km of shoreline in both Herring Bay and Esther 
Passage, we could not rule out some localized effect having 
caused the elevated blood parameters for otters in the sample 
from the oiled area Consequently, we extended our sampling 
over large areas of Prince William Sound to test the hypoth- 
esis that river otters inhabiting oiled areas could be discrim- 
inated from those living in nonoiled areas, based on a suite 
of blood measurements In summer 1991, two years after the 
oil spill, we live-trapped river otters from throughout Prince 
William Sound to  test for elevated levels of blood haptoglo- 
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bins, and to  examine additional blood parameters related to 
hemolytic anemia and immune-system function 

METHODS 

We sampled shorelines extensively for the presence of ot- 
ter latrine sites at Squire Island, Snug Harbor on southern 
Knight Island, Sleepy Bay on LaTouche Island, and Shelter 
Bay on Evans Island, Prince William Sound Latrine sites 
provide an index to the density of otters [9] Evidence of re- 
cent use (fresh scats, disturbed vegetation) was used to clas- 
sify sites as active or abandoned We live-trapped river otters 
from sites that showed heavy use by these mammals Hap- 
toglobin (Hp) in blood samples of river otters was quantified 
by electrophoresis as Hp-hemoglobin complexes Hemoglo- 
bin (Hb) was added to the serum (1 to 20 ratio of hemoglobin 
[ lo% solution] to serum sample) The sample mixture was 
then electrophoresed on agarose gels a t  100 V for I h, then 
the protein complex was fixed with 7 5% trichloroacetic acid 
Gels were stained for H b  using o-dianisidine (Helena Labo- 
ratories, Beaumont, TX, tech bull no 5445) The Hp-Hb 
complex, which migrates in a different region from Hb,  is 
quantitated by densitometry, and results are expressed as 
milligrams of hemoglobin-binding capacity per 100 ml serum 
[lo] The accuracy of H p  quantification is based on the spec- 
ificity of the Hp-Hb complex formation, which is separated 
by electrophoresis The reproducibility of the Hp assay from 
comparison samples in previous H p  assays of river otters was 
indicated by interassay C V of 14 8% This C V is similar 
to  those reported in analyses of dog and horse H p  [11,12] 
Interleukins (IL 6 ir, IL 1 ir) were determined by ELISA as- 
say (R and D Systems, Minneapolis, MN) The interassay 
percentage C V for the interleukin assay as described by R 
and D Systems was 7 1% at the 90-pg/ml level Samples run 
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Fig. 1. Areas of Prince William Sound, Alaska, affected by the Exxon Vuldez oil spill. River otters were live-trapped from nonoiled areas 
at Olsen Bay (northwest of Cordova) and Unakwik Inlet (west of Esther Island). Otters were live-captured from the heavily oiled areas of 
northern Knight Island, Eleanor Island, and Naked Island. 

in duplicate were added to  a microtiter plate coated with a 
monoclonal antibody for IL-6. After washing away any un- 
bound proteins, an enzyme-linked polyclonal antibody for 
IL-6 was added to the wells and incubated to  allow for bind- 
ing any IL-6 in the wells. After a final wash, a substrate 
solution was added to the wells, and color developed. Con- 
centrations were determined from a standard curve. Enzyme 
concentrations were obtained using standard clinical auto- 
analyzer procedures at Fairbanks Memorial Hospital, Alaska. 
In all cases, a single analysis was performed, except for the 
interleukins described above. 

We examined relationships among blood values with sim- 
ple correlations 1131. These and other blood parameters were 
used to  classify otters from oiled and nonoiled areas using 
logistic regression [13,14]. The binomial response (oiled or 
unoiled) takes the form 

where 7r is the probability that an otter came from an oiled 
area, and a and /3 are regression coefficients of the logit 
transformation [ 141 

RESULTS 

A difference in Hp levels was observed between otters living 
in oiled and nonoiled environments (Table 1). Also, increases 
were noted in creatine kinase (CK), aspartate aminotransfer- 
ase (ASAT), and alanine aminotransferase (ALAT) in river 
otters living in oiled areas of Prince William Sound. Besides 
liver function, an effect on the immune system was noted by 
increased levels of IL-6 ir, and a slight increase in mean lev- 
els of IL-1 ir. 

Stepwise logistic regression, with 26 blood values as po- 
tential independent variables, selected only three blood vari- 
ables -Hp, ASAT, and IL-6 ir - to correctly classify 86.4% 
of 22 river otters as coming from oiled (coded 0) or nonoiled 
(coded I )  areas of Prince William Sound. The resulting 
model, 

log (=) = 5.1280 - 0.2886 Hp - 0.1043 ASAT 
1 - T(X) 

- 0.1724 IL-6 ir, 



Effects of crude oil on river otters 

Table 1. Selected blood parameters for river otters inhabiting oiled (n = 11) and 
nonoiled ( n  = 11) areas of Prince William Sound, Alaska, in 1991 

Oiled Nonoiled 

- - 
Blood parameters X SE X SE 

Interleukin (IL-6 ir, pg/ml) 
Interleukin (11,-1 ir, pg/ml) 
Haptoglobin (Hp, Hb binding/dl) 
Alanine aminotransferase (ALAT, IU/L) 
Aspartate aminotransferase (ASAT, IU/L) 
Lactate dehydrogenase (LDH, IU/L) 
Creatine kinase (CK, IU/L) 
Hemoglobin (Hb, g/dl) 
Packed cell volume (PCV, ml/mm’) 

48.3 
13.3 

186.9 
182.7 
437.2 
146.2 

3,038.6 
16.3 
42.9 

13.8 
6.6 

27.9 
8.8 

70.0 
28.2 

820.8 
0.6 
1.6 

17.3 
10.1 
30.0 

138.5 
418.1 
184.0 

1,885.8 
18.7 
44.1 

11.3 
6.1 

18.6 
14.6 
67.0 
43.1 

816.4 
0.6 
1.6 

did not depart from a logistic fit, as determined by a 
Hosmer-Lemshow goodness-of-fit chi-square ( P  = 0.27). 
Sex, body length, or mass of otters, along with the other 
blood parameters, failed to  improve the fit of this model. 
ASAT also brings information to the model about other en- 
zymes; ASAT was positively correlated with ALAT (r = 0.52) 
and CK (r = 0.86). Thus elevated levels of Hp,  ASAT, and 
IL-6 ir from otters in oiled zones likely indicate chronic in- 
flammation and liver damage continuing two years follow- 
ing the oil spill. 

River otters abandoned significantly more latrine sites 
(i.e., showed no evidence of recent use) in oiled than in non- 
oiled areas of Prince William Sound (Fig. 2). This threefold 
difference between oiled and nonoiled areas suggests that 
otter populations are continuing to  decline in oil-exposed 
regions. 

DISCUSSION 

An acute-phase response, anemia, and increased creatine 
kinase were reported for sea otters exposed to  oil in Prince 
William Sound in 1989 [S]. In 1990, we observed elevated lev- 
els of the acute-phase protein, Hp, in river otters from oiled 
areas [5]. In 1991, we continued to observe a difference in 
H p  levels between river otters living in oiled and nonoiled en- 
vironments. We did not observe the hemolytic anemia re- 
ported for birds ingesting large amounts of crude oil [6,7] 
and believe acute anemia is an unlikely explanation for ele- 
vated levels of H p  in river otters because neither Hb nor 
packed cell volume were significantly lower in otters from 
oiled areas (Table 1).  Moreover, a preliminary examination 
of blood slides from river otters from summer 1991 revealed 
no obvious abnormalities, including Heinz bodies (A. Rebar, 
personal communication). All these blood characteristics, 
symptomatic of Heinz-body hemolytic anemia in birds [7], 
were absent in otters. Additionally, as reported by Wilson 
et al. [8] in two recovering sea otters, hemocrits returned to  
the normal range after three months following exposure to  
crude oil. Many of those recovering sea otters, however, did 
not survive long after release [ 151. 

Variation in Hp levels is one of a large number of systemic 
and metabolic changes related to  inflammation that is coor- 
dinated by cytokines. Many different cytokines have over- 

lapping activities and can bring about similar effects in the 
same or different cells, as well as acting synergistically with 
other cytokines and hormones [16]. Hp synthesis is stimu- 
lated by IL-6, and this stimulation can be modulated by other 
cytokines [ 161. ASAT, ALAT, and CK normally occur on the 
inside of cells but due to leakage appear in low amounts in 
the blood. This leakage is increased during cell damage and 
necrosis; measured enzyme activity provides a sensitive in- 
dicator of disease or stress [ 17,181. ASAT and ALAT are tra- 
ditionally used to monitor liver disease, whereas increased CK 
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Fig. 2. Percentage of river otter latrine sites abandoned on oiled and 
nonoiled areas of  Prince William Sound, Alaska, summer 1991. 
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indicates damage to skeletal muscle and the central nervous 
system. Oil ingested in food or while grooming [8,15] would 
lead to  oil in the blood and tissue inflammation. Increases 
in CK, ASAT, and ALAT as well as Hp and IL-6 ir levels 
could indicate that the liver and immune system are being 
stressed 117-191. Elevations in ALAT have recently been re- 
ported in mink fed PCBs [16], and these.changes have indi- 
cated a lessening of the integrity of hepatocytes. Cytokines 
such as interleukins also have been implicated in demyelin- 
ating brain lesions 1201. 

Long-term systemic effects of oil require absorption 
through the gastrointestinal tract [4] and the mucosal cells 
that line the tract. Some chemicals present in crude oil may 
become involved in enterohepatic recycling, which is capa- 
ble of prolonging their stay in the animal. River otters would 
introduce oil toxicants into the gastrointestinal tract by eat- 
ing prey [9] and grooming pelage 14,151. In most cases, the 
primary site of bioaccumulation of complex organic mixtures 
in mammals is the lipid fractions, as reviewed by Talmage 
and Walton [21]. 

Hp values for river otters obtained in 1991 are substan- 
tially lower than those from 1990 [5]. This decrease may have 
occurred for three reasons: First, the Hp response elicited by 
exposure to crude oil may be waning over time; second, sam- 
ples were collected in late winter in 1990 but during summer 
in 1991; and third, we previously excluded very low Hp val- 
ues from areas without oil from our analysis because we sus- 
pected these samples might have been outliers [5]. Although 
the effects of exposure to oil would likely diminish over time, 
it would not explain why Hp levels declined markedly from 
1990 levels on both oiled and nonoiled areas. Likewise, omit- 
ting low Hp values, which we know to be valid, explains nei- 
ther the magnitude of this change nor its occurrence on oiled 
areas (where we deleted no samples). Thus, the most likely 
answer is that Hp levels are the result of complex interactions 
with other environmental factors that vary seasonally. River 
otters gain body mass as seasons change from stressful win- 
ter conditions to  a more hospitable climate with abundant 
foods in summer [5]. Moreover, river otters mate during late 
winter, when they were sampled in 1990. 

Elevated levels of IL-6 ir in otters exposed to oil and its 
prominence in our statistical model suggest that such otters 
may be suffering from impaired immune systems [19,20, 
22,231, which would predispose otters to disease long after 
the oil spill and attempts to clean oil from contaminated 
shorelines. Moreover, we suggest that carefully controlled lab 
experiments might not reveal this process because of diffi- 
culties in recreating the combination of natural conditions 
such as variations in temperature, daylight, food, and so 
forth, or in exposing otters to potential infectious agents nor- 
mally occurring in the environment [ 191. We hypothesize that 
exposure to oil might lead to recurrent bouts of infection and 
inflammation leading to reduced survivorship or reproduc- 
tion of individual otters. Our data on the significantly higher 
rate of latrine-site abandonment (Fig. 2) in oiled areas sup- 
port this interpretation. 

Clearly, there is a need for more baseline data on otters 
(and other vertebrates) so that pre- and postoil-spill periods 
can be compared. Such data were unavailable at the start of 
our research. Likewise, there is a critical need to continue 

monitoring blood values from otters in Prince William 
Sound. Finally, we encourage others studying the effects of 
oil exposure on vertebrates to  examine chronic as well as 
acute effects, and to consider blood parameters such as acute- 
phase proteins like Hp and cytokines like IL-6 as possible in- 
dicators of oil exposure, especially for the recent oil spills in 
Spain and Scotland. We caution investigators, however, to  
consider how these blood values may interact with environ- 
mental factors and that there may be differences among spe- 
cies. We believe our modeling approach offers an important 
nonlethal method to evaluate oil exposure in a natural setting. 
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Abstract: 

 

We used logistic models to estimate the risk of moose-train collisions for the Rorosbanen 

railway in Norway. During 1990-1997, a total of 13,506 train departures were registered along 

Rorosbanen during the months when the risk of collision was highest (December to March). The 

statistical model selected to predict the risk of moose-train collisions included train route, time 

of day, lunar phase and average train speed, as well as two climatic covariables, i.e. snow depth 

and temperature. Trains running at night, in the morning or in the evening experienced a higher 

risk of collision with moose Alces alces than day trains. The probability of collision was also 

higher during nights of full moons than during nights of half or no moons. As observed 

previously with trains in Norway moose-kills increased with increasing snow depth and 

decreasing temperatures. To test the predictability of the model, we used a logistic model based 

on train departures during 1990-1996 to predict the number of moose-train accidents during 

winter 1996/97. Although the model had a satisfactorily high predictability, the best models 

would probably be those based on a combination of both temporal and spatial aspects. We 

discuss how logistic models may be applied to introduce remedial actions on high-risk routes or 

during high-risk periods. 

 

 



Effects of a crude oil spill on water quality and macrobenthos of a southeast Texas stream 
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Abstract 

On December 6, 198 1 an oil spill of 160 barrels (25 440 liters) occurred in a small southeast Texas stream. 
Water quality changes, other than the presence of oil, were not evident until six months later when water 

temperature increased and stream flow ceased. This resulted in decreased dissolved oxygen and increased 
carbon dioxide concentrations. Responses of the benthic macroinvertebrate community included an increase 
in density of oligochaetes, decrease in numbers and taxa of chironomids, with eventual complete elimination, 
and low community diversity (d). Decrease in oil concentration resulted in reversal of these responses. No 
clean water taxa were collected and complete recovery had not occurred 26 months after the spill when the 
study was terminated. 

Introduction 

Little information is available on effects of oil 
spills on freshwater ecosystems. McCauley (1966) 
reported the effects of oil pollution on physico- 
chemical conditions, plankton and macrobenthos 
of Muddy River, Massachusetts. Various investiga- 
tors have reported on effects of oil on arctic fresh- 
water systems (Barsdate et al . ,  1980, Miller et al., 
1978; Rosenberg & Wiens, 1976; Snow & Rosen- 
berg, 1975). No published studies are known con- 
cerning the southwestern U.S.A. despite abundant 
oil activities and frequent accidental spills. 

Most knowledge concerning the fate and effects 
of oil on ecosystems has been obtained from studies 
on marine and estuarine systems (Baker, 1970; 
Boesch et al., 1974; Holt et al., 1978; Malins, 1977; 
McCauley & Harrel, 1981; Nelson-Smith, 1972). 
Both the physicochemical characteristics and the 
biota of freshwater systems are vastly different 
from marine environments. Thus only general in- 
ferences can be made concerning the effects of oil 
spills on freshwater systems. 

On December 6, 198 1 vandals opened the drain 
valve on a crude oil storage tank battery and al- 
lowed approximately 260 barrels (159 l per barrel) 
to drain from the tanks. Approximately 100 barrels 
were drained into a tank truck when the vandals 
were alarmed and drove off leaving the valve open. 
The remaining 160 barrels flowed about 40 m into a 
small stream which flows into the Turkey Creek 
Unit of the Big Thicket National Preserve in south- 
east Texas. The stream, henceforth referred to as 
Oil Creek, flows about 3 km to its confluence with 
Turkey Creek. 

The spill was discovered on December 7, 1981 
and leaf litter, log and earthen barriers were placed 
across the stream to stop the flow of oil which was 
only a few meters from entering Turkey Creek. 
Only a slight surface film was observed flowing into 
Turkey Creek. On December 8 a commercial boom 
lined with absorbent pads was placed across the 
mouth of Oil Creek. 

Organized cleanup did not begin until December 
12. This allowed the oil to lie undisturbed for sever- 
al days and much of the aromatic portion of the oil 
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evaporated. Harrison et al., (1975) reported that the 
majority of compounds boiling below 220 C 
(<C12) evaporated from South Louisiana crude oil 
within three to  eight hours. The cleanup was per- 
formed with manual labor using absorbent pads 
and small portable pumps to  transfer the oil into 
buckets and barrels. No heavy equipment was al- 
lowed off the oil-field service road in the preserve. 

A brief, heavy rain occurred during the cleanup, 
increasing stream discharge. This washed much of 
the oil downstream to  sites where it could be more 
easily removed with less disturbance of the stream. 
The largest portion of stream-bed disturbance oc- 
curred in the lower 100 m of Oil Creek. Some oil 
was manually pushed down into the stream sedi- 
ments. Cleanup was completed on December 31, 
1981. 

The objectives of this study were to determine the 
effects of oil on water quality and community struc- 
ture of the macrobenthos in the heavily impacted 
area of Oil Creek. These data are compared with 
data from a year-long water quality survey con- 
ducted on Turkey Creek during 1979 and 1980. 
Previous studies of streams in other units of the Big 
Thicket National Preserve have shown that small 
tributaries and their stem stream had similar water 
quality, faunal assemblages and community diver- 
sity (Harrel& Newberry, 1981; Kost, 1977). How- 
ever, the past water quality history of Oil Creek is 
not known. 

Fig. I. Location of Turkey Creek (TC) and Oil Creek (OC) 
Sampling Stations. Dash Line is Turkey Creek Unit Boundary. 

Description of area and sampling stations 

The study area is located in the Turkey Creek 
Unit of the Big Thicket National Preserve, Tyler 
County, Texas a t  30°34' north latitude and 94'20' 
west longitude (Fig. I). The geological formations 
exposed in the basin are Pleistocene to  recent. The 
climate is subtropical-humid and mean tempera- 
tures range from 12 C in January to  28 C in August. 
The average annual precipitation is 130 cm per year 
(United States Department of Interior, 1976). The 
area is heavily forested and part of the slope forest 
described by Marks & Harcombe (1981). Domi- 
nant overstory vegetation includes Fagusgrandifo- 
lia (beech), Liquidambar sryraciflua (sweetgum), 
Quercus spp. (oaks), Nyssa sylvatica (black gum) 
and Taxodium distichum (bald cypress). 

Data were taken from three sampling stations on 

Turkey Creek and one on Oil Creek (Fig. 1). Utiliz- 
ing Horton's (1945) stream order classification, as 
modified by Strahler (1957), Turkey Creek is a 4th 
order stream and Oil Creek is 2nd order. Stream 
depth ranged from 0.3 in both streams during low 
flow to  1.5 m in Oil Creek and 2.0 m in Turkey 
Creek during high-flow conditions. The substrate 
a t  the Turkey Creek stations consisted of coarse 
and fine sand with pockets of silt and plant detritus. 
The Oil Creek station substrate was sand with 
abundant silt and plant detritus. The Oil Creek 
station was in a long pool that always held water 
and was continuous with Turkey Creek. The upper 
section of this stream often dried up during the 
summer months. 



Methods Results and discussion 

Physicochemical data were collected monthly 
from August, 1979 to  July, 1980 from Turkey 
Creek. Water quality data were obtained on seven 
occasions from December, 1981 to  February, 1984 
from Oil Creek. Dissolved oxygen concentrations 
and temperature were measured with a Yellow 
Springs Model 57 oxygen meter. Specific conduc- 
tance was measured with a Yellow Springs Model 
33 TSC meter. Hydrogen ion concentrations were 
determined with a Hellige pH colorimetric com- 
parator. Alkalinity and carbon dioxide concentra- 
tions were measured by titration (A.P.H.A., 1975). 

Macrobenthos were collected seasonally from 
Turkey Creek and on six occasions from Oil Creek. 
Six petite Ponar grabs (15.24 cm X 15.24 cm) were 
taken a t  each station during each collection. The 
samples were washed through a No. 30 mesh wash 
bucket with 0.595 mm openings, placed in quart 
jars and preserved and stained with formalin and 
rose bengal dye. The samples were later washed in 
the laboratory using a No. 30 U.S. Standard Soil 
sieve. The organisms were picked out and preserved 
in ethanol. 

Shannon's diversity index, as modified by Wilhm 
& Dorris (1968), was calculated for each station and 
each collection by the formula: 

4 "i 
d = - C(-) log 2 (-) 

n n 

where d = diversity per individual, ni = number of 
individuals of species i and n = total number of 
individuals in the collection. 

Table I. Physicochemical Conditions in Turkey Creek and Oil Creek. 

Water quality parameters for Turkey Creek were 
within the ranges for small naturalstreams insouth- 
east Texas (Table 1). The benthic macroinverte- 
brate fauna of Turkey Creek was dominated by the 
tubificid worm Limnodrilus sp. and several species 
of chironomid larvae (Table 2). Other major taxa 
that were common included amphipods, odonates, 
ephemeropterans, trichopterans, coleopterans, ce- 
ratopogonids, gastropods and pelecypods (Harrel 
& Commander, 1980). Shannon's diversity index 
(d) was higher than 2.6 during all collections except 
a t  Station T C  1 in April, 1980 during flood condi- 
tions and extreme difficulty in sampling. 

Qualitative sampling a t  Station T C  2 during 
April, June and November, 1982, after the oil spill, 
revealed the presence of many clean-water taxa, 
including large colonies of the sponge Eunapius 
mackayi, elmid beetle larvae and adults, ephemer- 
opterans, trichopterans and prosobranch gastro- 
pods. This indicated no noticeable adverse effects 
from the oil on Turkey Creek. Only a light surface 
film was ever observed in Turkey Creek. 

Four days after the spill, December 10, 1981, 
before cleanup had begun, physicochemical condi- 
tions in Oil Creek were within or near the clean 
water values from Turkey Creek (Table 1). The 
water and sediments were covered with oil and a 
strong odor of hydrocarbons was present. 

O n  December 21, 1981, while cleanup was in 
progress, the changes in water quality were de- 
creases in pH and alkalinity, and increase in carbon 
dioxide and specific conductance. Benthic macro- 
invertebrates were collected at this time. Numbers 

Stream and date Temp 0 2  0 2  c% AIK PH S Cond 
C mgl 1 % sat mgl 1 mg I- I fiS cm 1 

Turkey Creek 
1979- 1980 

Oil Creek 
Dec. 10, 1981 
Dec. 21. 1981 
Apr. 3, 1982 
June 3, 1982 
Nov. 13, 1982 
Apr. 23, 1983 
Feb., 1984 



of taxa, number of individuals m-2 and community 
diversity (1) were within the ranges ofTurkey Creek 
(Table 2). However, the benthic community was 
represented only by oligochaetes, chironomids, 
nematodes and the caratopogonid Palpomyia tibia- 
lis. No clean-water species were present. The more 
sensitive taxa were probably eliminated by the toxic 
water-soluble components of the oil. 

Six months after the spill, June 3, 1982, stream 
flow ceased in Oil Creek and a thick film of oil and 
plant detritus covered the surface of the stream. 
Dissolved oxygen concentration decreased to 0.3 
mg 1-I (3.6% saturation) and carbon dioxide con- 
centration increased to 57.5 mg 1 -'. These values 
indicated a high rate of decomposition of organic 
material. Specific conductance was 155 $ 3  cm-I. 
Community structure of macrobenthos remained 
similar, except for large increases in densities of 
Limnodrilus sp. and Tubifex harmani. The phan- 
tom midge, Chaoborus punctipennis, occurred for 
the first time at a density of 194 m-2. This was 
attributed to the absence of stream flow creating a 
suitable environment, not as a stimulatory effect of 
the oil. The a value was 1 .25. 

Eleven months after the spill, November, 1982, 
stream flow had resumed, water temperature de- 
creased to 9 C, but oxygen concentration re- 
mained low, 2.7 mg 1-1. Limnodrilus sp. increased 
to a density of 8 147 m-2. The only other taxa pre- 
sent were the oligochaetes Tubifex harmani and 
Ilyodrilus rempelroni, and one specimen of nema- 
tode. The previously present chironomid fauna was 
absent and diversity was 0.17 indicating toxic ef- 
fects of the oil. 

In April, 1983, 16 months after the spill, water 
temperature warmed, oxygen concentration in- 
creased to 6.2 mg 1-' and carbon dioxide concentra- 
tion decreased to 18.5 mg 1-I. The density of Lim- 
nodrilus sp. decreased to 7 159 m-2 and the naidid 
oligochaete Dero digitata and four taxa of chiro- 
nomids were present. One specimen of the dragon- 
fly nymph LibeNula sp. was collected. Diversity was 
0.83, a value characteristic of a highly stressed 
community (Wilhm& Dorris, 1968). The sediments 
still released an oil film and had a strong oil odor. 

In February, 1984,26 months after the spill, only 
a slight surface film occurred when small localized 
areas of the stream substrate were disturbed. Car- 
bon dioxide concentration was higher and oxygen 
% saturation was lower than the clean-water values 
of Turkey Creek. Sixteen taxa were present and 
diversity was 2.41. The density of Limnodrilus sp. 
decreased to 1216 m-2 and the density of Dero 
digitata increased to 613 m-2. Six species of chiro- 
nomids were present and Tribelos jucundus, a detri- 
tus and algal feeder, occurred a t  a density of 710 
m-2. The beetle larva Hydroporus sp., the damselfly 
nymph Amphiagrion sp. and the fingernail clam 
Sphaerium sp. occurred for the first time. All taxa 
were tolerant or facultative to organic pollution. 
No clean-water taxa were present (U.S.E.P.A., 
1973). 

Summary and conclusions 

A spill of 160 barrels of crude oil occurred in a 
small southeast Texas stream in December, 1981. 

Table 2. Community Structure of Benthic Macroinvertebrates in Turkey Creek and Oil Creek. 

Stream and date Density N o % Tubificidae % Chironomidae Diversity 
no m 2 taxa (9% Limnodrilus) d 

Turkey Creek 588-3 7 16 1 1-44 54-57 12-29* 2.65-3.54, 
1979- 1980 (34-5 1) 

Oil Creek 
Dec. 21, 1981 1 162 13 71 (51) 16 2.69 
Apr. 3, 1982 2 958 14 81 (75) 4 1.51 
June 3, 1982 5 188 13 94 (67) I 1.25 
Nov. 13, 1982 8 427 4 99 (97) 0 0.17 
Apr. 23, 1983 8481 13 93 (88) I 0.83 
Feb. 4, 1984 3 046 16 43 (40) 32 2.41 

* Chironomidae represented only 1% of the individuals and d was 1.84 during April, 1980 a t  Station T C  I during extreme flooding and 
difficulty in sampling. 



The oil was contained in this stream, but organized 
cleanup did not begin for six days. By this time 
many of the toxic aromatic components probably 
evaporated. During the cleanup some oil was man- 
ually pushed down into the stream sediments. 

Water quality changes, other than the presence of 
oil, were not evident until six months after the spill 
when stream flow ceased and water temperature 
increased. This resulted in decreased dissolved oxy- 
gen and increased carbon dioxide concentrations. 
These conditions continued until the study was 
terminated. 

Responses of the benthic macroinvertebrate 
community included a n  increase in density of oligo- 
chaetes, especially Limnodrilus sp., decreases in 
chironomids, with eventual complete elimination, 
and low community diversity. Decreases in oil con- 
centration resulted in reversal of these trends. 

Limnodrilus sp. and Tubifex harmuni occurred 
a t  maximum densities during the worst water-qual- 
ity conditions 11 months after the spill. Dero digita- 
ta reached its highest density when moderate to  
light oil concentration occurred during stream re- 
covery. Some oligochaetes had oil in their gut dur- 
ing each collection. McCauley & Harrel(1981) re- 
ported positive responses of Limnodrilus sp. and D. 
digitata t o  oil. They found higher densities in oiled 
than in unoiled areas of a Texas Gulf Coast marsh. 

Chironomid larvae were eliminated during the 
worst water-quality conditions, then reappeared 
and  increased in number of taxa and density as 
stream recovery occurred. Chironomid taxa that 
were eliminated last and reappeared first included 
the predatory genera Ablabesmyiu and Procladius. 
Tribelosjucundus was common, but not abundant, 
a t  all Turkey Creek Stations. It did not occur in Oil 
Creek until 16 months after the spill when a moder- 
ate oil concentration existed. T. jucundus was the 
second most abundant taxon during the February, 
1984 collection when a very low concentration of oil 
remained. Rosenberg & Wiens (1976) and Cush- 
man & Goyert (1984) reported that certain species 
of chironomids showed a stimulatory response to 
oil. They attributed this to a n  increase in available 
food and reduced abundance of predators. 

Community diversity (d) decreased from 2.69 in 
December, 198 1 to 0.17 in November, 1982. Diver- 
sity increased to  2.41 in February, 1984. The ab- 
sence of clean-water taxa indicated that full recov- 
ery had not occurred 26 months after the spill. 
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ABSTRACT: We report delayed effects on the growth and marine survival of pink salmon 
Oncorhynchus gorbusciJa, which were exposed to oil as embryos under conditions similar to those 
observed after the 'Exxon Valdez' oil spill. Pink salmon eggs were incubated in water that became 
contaminated with polynuclear aromatic hydrocarbons (PAHs) after percolating through gravel 
coated with weathered oil. Weathering ensured that the PAH composition of the water was domi
nated by alkyl-substituted naphthalenes and larger compounds. Most survivors of the exposures 
appeared healthy, and were released to the marine environment with coded-wire tags. Their survival 
was evaluated when they returned at maturity 2 yr later. Other survivors, also healthy in appearance, 
were retained in net pens to measure delayed effects on growth during the early juvenile stage. Pink 
salmon exposed to an initial concentration of total PAH equal to 5.4 ppb experienced a 15 % decrease 
in marine survival compared to unexposed salmon. A delayed effect on growth was measured in 
juvenile salmon that survived embryonic exposure to doses as low as 18 ppb PAH. Reductions in 
juvenile growth could account for the reduced marine survival observed in the released fish. The 
demonstration of delayed effects on growth and survival support claims of delayed effects in pink 
salmon after the 'Exxon Valdez' oil spill, and indicate the potential for population-level effects result
ing from embryonic exposure to oil. 
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INTRODUCTION 

The impacts of oil spills on subsurface aquatic popu
lations are difficult to measure, and are usually esti
mated from counts of mortalities observed immediately 
afterwards. However, individuals suffering from sub
lethal effects may not be counted among the number of 
mortalities, despite potential impacts on the individu
als' probability of surviving and reproducing. Thus, 
delayed impacts that influence population recruitment 

. E-mail: ron.heintz@noaa.gov 
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may represent a significant but hidden component to 
the overall toxicity of a spill by limiting the productiv
ity of affected populations. For example, individuals 
suffering sublethal effects that impair gamete produc
tion could diminish recruitment in the next generation 
while not displaying overt evidence of damage in the 
exposed generation. Sublethal impacts, which are nor
mally difficult to measure, would be most profound 
in populations exposed during early developmental 
stages (Rosenthal & Alderdice 1976) . This was appar
ently the case for pink salmon Oncorhynchus gor
buscha populations exposed to beached oil during 
incubation after the 'Exxon Valdez' oil spill. These 
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populations risked chronic exposure to polynuclear 
aromatic hydrocarbons (PAHs) leaching from the 
beached oil because their embryos and larvae develop 
for nearly 7 mo in streambeds that cut through con
taminated beaches. Consequently, embryo mortality 
rates in contaminated streams were elevated above 
those in uncontaminated streams for 4 yr after the oil 
spill (Bue et al. 1996, 1998) . 

More in1portantly, the survivors of these embryonic 
exposures experienced delayed impacts on gamete 
viability 4 yr after the spill. In 1993, gametes collected 
from adult pink salmon returning to contaminated and 
uncontaminated streams were transported to a hatch
ery and incubated in clean water (Bue et al. 1998) . Pink 
salmon typically spawn in their natal streams at Age 
2 yr, so those returning to contaminated streams were 
presumed to have survived embryonic exposure 2 yr 
earlier. Gametes taken from adults homing to contam
inated streams produced offspring with lower survival 
rates than gametes taken from fish returning to uncon
taminated streams . The reduced reproductive ability 
of these fish may have resulted from genetic damage to 
germ cells, or impaired gonad development. Field 
observations such as these are exceedingly rare, and 
these observations are not corroborated by specific 
observations of the parental exposure levels. 

Observations of delayed impacts in controlled labo
ratory studies are also rare, although they are logisti
cally possible and exposure histories can be identified. 
In an earlier study at our laboratory, we reported 
immediate impacts on pink salmon larvae of low levels 
of PAH exposure (Marty et al. 1997). Survival was 
reduced at aqueous PAH concentrations of 32 parts per 
billion (ppb), and gonadal cell apoptosis was elevated 
at concentrations of 4.4 ppb. This impaired gonad 
development may ultimately be linked to diminished 
reproductive ability later in life. Other tissues demon
strated retarded development, suggesting the poten
tial for delayed effects on growth and survival in fish 
exposed to a 4.4 ppb concentration. However, the 
delayed impacts of these sublethal injuries were not 
measured. In a separate study, White et al. (1999) 
showed that larval exposure to 1.0 ppb of benzo-a
pyrene can lead to heritable reductions in egg viability 
of fathead minnows. 

In this report, we evaluate delayed effects following 
embryonic exposure of pink salmon to oil by combin
ing controlled laboratory exposures with a release of 
fish to the wild environment. The homing behavior of 
pink salmon allows us to release exposed fish into the 
wild environment with the confidence that they can be 
recovered at maturity. By marking fish prior to their 
release, their exposure histories can be positively iden
tified when they return. Specifically, the growth and 
marine survival of exposed pink salmon were evalu-

ated to determine the severity of the delayed effects 
resulting from embryonic exposure to crude oil. The 
exposure system simulated the experience of pink 
salmon eggs in the intertidal reaches of streams in 
Prince William Sound, Alaska . Eggs were incubated to 
embryos in water contaminated with PAHs derived 
from oil whose composition was consistent with oil that 
landed on the beaches. 

Three biological endpoints were measured to exam
ine the impact of delayed effects: (1) the marine sur
vival of exposed fish released to the wild, (2) the 
growth rate of pink salmon during the early part of 
their marine residence, and (3) the size of adult fish 
when they returned from the wild. Examination of 
marine survival was the primary objective because it 
integrates the impacts of all the sublethal effects in the 
most biologically meaningful way. Analysis of early 
marine growth was intended to identify the probable 
cause for mortality because rapid growth of juvenile 
pink salmon is thought to reduce their susceptibility to 
predation. Examination of the size at maturity was 
intended to verify arw impacts detected during our 
evaluations of early growth. 

The data presented in this report are derived from a 
suite of experiments performed on 2 different broods 
of pink salmon eggs using complementary designs. 
While survival and growth data were collected from 
both broods, the main objectives of the experiments 
emphasized the analysis of growth in 1 year and sur
vival in the other. Experiments performed with the first 
brood year (1993) were designed to maximize the sta
tistical power of the analysis of growth effects; 7 dose 
levels with -10 000 eggs per dose were used. The 
experiments with the second brood (1995) maximized 
the statistical power to resolve differences in marine 
survival between doses which required releasing large 
numbers of fish to ensure adequate numbers of return
ing adults; 3 dose levels with -120000 eggs per dose 
were used . The exposure levels and their immediate 
consequences for the first brood (1993) have been 
described previously (Heintz et al. 1999) . Chemical 
analyses of dose levels and composition from the sec
ond brood are also presented to verify that exposure 
levels between years were comparable. 

MATERIALS AND METHODS 

Overview of pink salmon life history, exposure and 
incubation. Pink salmon Oncorhynchus gorbuscha are 
a commercially important species with an obligate 2 yr 
life history. Adults spawn once in late summer in the 
intertidal or lower sections of coastai streams and die. 
Their eggs incubate overwinter and surviving fry emi
grate to sea the following spring. Juveniles reside in 
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saltwater for 18 mo before maturing and returning to 
their natal streams to spawn. Incubating pink salmon 
eggs and larvae remain buried in nests dug by their 
mothers in streambed gravel. Eggs incubate for 
approximately 2 mo before hatching as alevins, which 
complete the transition to fry over the remaining 4 to 
5 mo. When fully formed fry emerge from the gravel, 
they immediately migrate to sea and begin feeding . 

In Prince William Sound, Alaska, pink salmon re
turned to spawn in oil-contaminated streams 4 mo after 
the oil spill. Despite the evidence of effects, streambed 
gravels contained relatively little oil (Brannon et al. 
1995) . However, large deposits could be found on the 
stream banks (Murphy et al. 2000) . Heintz et al. (1999) 
suggested an exposure mechanism whereby incoming 
tides force interstitial water upward through oil-conta
minated gravels . PAHs that become dissolved in the 
interstitial waters are subsequently delivered to the 
lipid-rich eggs when the tide ebbs, and the interstitial 
water seeks the hydrodynamic minimum formed by 
the streambed. 

We simulated these conditions by incubating pink 
salmon eggs in water contaminated with PAHs after 
percolating through gravel coated with Alaska North 
Slope crude oil. Prior to coating the gravel, the oil was 
heated at 70°C unW the initial mass was reduced by 
15 %. This process removed the volatile mono-aromat
ics so the composition of the oil used for exposure was 
consistent with that which made landfall in Prince 
William Sound (Bence & Burns 1995). Whilst being 
tumbled in a cement mixer, the gravel was contami
nated by spraying with known quantities of the weath
ered oil; it was then allowed to drain for 24 h . After 
draining , the gravel was loaded into the incubators, 
and oil slicks and particulate matter were flushed from 
the incubators by flowing water through them for 48 h. 
After flushing, fertilized eggs were added to the incu
bators, where they resided unW the surviving fry 
emerged nearly 8 mo later. 

The oil was never replenished during the exposure 
period, therefore the oil concentration on the gravel 
declined from the peak value initially observed. These 
changes in the exposure levels were monitored 
throughout incubation by evaluating PAH concentra
tions in samples of gravel, water and tissue. Initial sam
ples of water and gravel were collected immediately 
before seeding the incubators with eggs, and tissues 
were collected after embryos had developed eyes (eye
ing) . Thereafter, samples of all 3 substrates were col
lected at hatching and emergence. Water supplies to 
the incubators alternated between fresh- and saltwater 
(salinity approximately 28 ppt) every 6 h with a 45 min 
transitional period between supplies . More details on 
the incubator design, fish culture and gravel contami
nation procedures can be found in Marty et al. (1997) . 

The concentrations of 40 PAHs were determined in 
the samples by gas chromatography and mass spec
trometry in selected ion-monitoring mode following 
the procedures described in Short et al. (1996) . PAHs 
were initially extracted from the samples in dichloro
methane and purified in alumina/silica gel-column 
chromatography followed by size-exclusion high
performance liquid chromatography. Concentrations 
were determined by the internal standard method 
based on a suite of deuterated PAHs. Concentrations 
below experimentally determined method detection 
limits (MDLs) were treated as zero, and MDLs were 
generally 1 ppb for tissue or gravel, and 1 to 8 parts per 
trillion for water. The accuracy of the hydrocarbon 
analyses was about ± 15 % based on comparison with 
the US National Institute for Standards and Technol
ogy values; and precision, expressed as the coefficient 
of variation, was ~20 %, depending on PAH. 

In this report, the term 'doses' will be used to refer to 
the initial water concentration of the sum of all the 40 
PAHs (TPAH) measured in the incubator effluents 
expressed as ppb. The values for the doses will be pre
ceded by a '<' because concentrations decreased expo
nentially after the exposures were initiated and the 
dose values therefore represent peak values. Doses 
used for the 1993 brood included control, <1.3, <3 .6, 
<7.8, <18.0, <31.0 and <48.0 ppb. The highest of these 
represents the maximum concentration we could 
obtain using our procedures. The remaining doses are 
intended to span the interval between the contro!" and 
highest dose. The doses used for the 1995 brood were 
control, <5.2 and <19.4 ppb (Table 1); these replicate 
the lowest effective dose and next lower doses used for 
the 1993 brood. To describe the composition of oil on 
the gravel we use the weathering parameter w 
described by Short & Heintz (1997) . This parameter 
quantifies the degree of weathering in an oil-contami
nated sample, and permits identification of samples 
that have weathered to the same degree . When w = 0, 
the composition of the oil is identical to the oil that 

Table 1. Exposure levels for pink salmon Oncorhynchus gor
buscha embryos from 1995 brood tests. TPAH = summed con
centrations of all polynuclear aromatic hydrocarbons. w = 
weathering parameter, summarizing composition of oil (val
ues near ze ro reflect oil devoid of mono-aromatics and similar 
in composition to oil spilled by 'Exxon Valdez' when it made 

Oil dose 
(ppm whole oil) 

Control 
83 
726 

Initial 
w 

Control 
1.1 

0.45 

landfall 

Initial grave l 
TPAH (ppm) 

0.46 
0.86 
7.5 

Initial aqueous 
TPAH (ppb) 

0.1 
5.2 
19.4 
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made landfall in Prince William Sound (Bence & Burns 
1995). Increasing values of w reflect increasing relative 
concentrations of PAHs with greater surface areas, 
including those with 2 or more alkyl substitutions. 

Both brood years were incubated in the contaminated 
gravel for approximately 8 mo. Eggs were collected in 
September from a predominantly intertidal spawning 
stock of wild pink salmon and transferred to our hatch
ery for fertilization and incubation. Fertilized eggs were 
homogenized following procedures in Marty et al. 
(1997) to ensure a similar distribution of genotypes in 
each of the incubators . Equivalent weights of fertilized 
eggs were loaded into each of the incubators, where 
they remained until the following spring. Eyeing oc
curred about 40 d after fertilization, at which time the 
eggs were removed and counted to determine the ini
tial numbers of exposed eggs and the number that sur
vived early development. The live eggs were replaced 
in their incubators, where they remained until they em
igrated the following spring. Emigration was volitional, 
and each day emigrants were counted and transferred 
to net pens for further culture in seawater. The immedi
ate consequences of embryonic exposure have been re
ported in Heintz et al. (1999) . Effects of oil exposure on 
embryonic mortality for the 1995 brood are reported in 
Wertheimer et al. (1997). 

Experimen ts to determine marine survival. The 
experiment specifically deSigned to examine the 
effects of embryonic exposure to oil on marine survival 
was performed with the 1995 brood using the control, 
<5.4 and <19.2 doses. Fish from the 1995 brood that 
survived the exposure phase were tagged with half
length coded-wire tags (CWTs) between April 10 and 
May 18, 1996, using a design where the doses were 
randomly blocked on release time. The emergence 
period was arbitrarily divided into 7 time periods and 
tag lots of approximately 10000 fish representing each 
of the doses were released during each period. Fish 
were tagged in order of their emergence, so that a total 
of 21 separate groups wer.e released, representing 
approximately 210000 fish . It took 3 to 5 d to com
pletely tag all the fish in a time stratum, and fish from 
each dose were tagged during randomly selected por
tions of each of those days . After completing a time 
stratum, the fish were held for 30 h and then released. 
From each release group, 50 to 100 randomly selected 
individuals were sacrificed to inspect tag placement 
while tagging. Prior to release, a sample of approxi
mately 600 fish were examined to determine tag
retention rates for each tag lot. These rates ranged 
between 97.9 and 99.3 % after 7 d (Wertheimer et al. 
1997). Note that fish held for the 7 d tag-retention 
checks were not released. 

Marine survival was determined by counting the 
number of fish that survived to maturity. This number 

included the number that successfully returned to the 
hatchery plus the number intercepted in local seine 
fisheries and those that strayed into local streams. The 
latter 2 numbers were estimated by sampling while the 
former was observed by counting all the fish arriving 
at our weir. The fishery sampling and methods used to 
estinlate the number found straying into other streams 
are described in Wertheimer et al. (2000). Marine sur
vival for a particular code lot was calculated as the total 
number of observed recoveries divided by the number 
released, and statistical analyses are based on these 
values. Estimates of return rates that account for the 
unsampled fractions of the other streams and the fish
ery can be found in Wertheimer et al. (2000). 

The marine survival experiment with the 1993 brood 
year was a study on a much smaller scale. Fish exposed 
to the control. <1.3, <7.8 and <18.0 ppb doses were 
tagged between April 24 and 28, 1994, and released on 
May 3, 1994. Each dose was represented by 4 code lots 
and a total of 5454, 4749, 3771 and 2765 tagged fish, 
respectively. Each tag lot represented individuals from 
randomly selected pairs of incubators, so statistical 
analysis was approached as a l-way ANOVA with 4 
replicates for each dose. During tagging, 20 individu
als from each holding pen were sampled to examine 
the quality of the fin marks and placement of the CWT. 
Afterwards, tagged fish were returned to the holding 
pens where they were fed until release. Tag-retention 
rates, determined on the day of release, ranged 
between 97 and 100 % and were based on samples of 
approximately 200 fish from each code lot. Marine sur
vival for a particular code lot from the 1993 i:>rood was 
calculated as the total number of fish recovered with 
that tag code at our weir or found in a nearby stream 
divided by the number released. No attempt was made 
to account for tags recovered in local fisheries . 

Experiments to examine early growth. and size at 
maturity. The experiment specifically designed to 
examine the effects of embryonic exposure to oil on 
growth during the early marine phase was performed 
with the 1993 brood. During the peak of emergence, 
April 4 to 11. 1994, approximately 200 fry from each 
incubator were transferred to separate freshwater 
raceways. Selection during the peak reduced size 
variation, maximized fish health, and coordinated the 
initiation of feeding. Fish were retained in these race
ways until their weight averaged 9 g when a ran
domly selected set of 42 fish were tagged with pas
sively induced transponder (PIT) tags . These tags 
permitted unique identification of each fish so that 
they could be pooled together in larger net pens for 
evaluation of their growth. Tagging began on August 
19, 1994, and continued for 6 d. Initial forklengths and 
weights were recorded for each tagged fish, and they 
were returned to their raceways for recovery. On Sep-
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tember 21, 1994, the marked fish were pooled into 2 
net pens located 5 km apart and deployed in saltwa
ter. Fish in the net pens were examined 1 rna later 
and their final forklengths and weights were 
recorded. Growth was calculated by taking the differ
ence between the natural logs of the initial and final 
weights, then dividing by the number of days that 
elapsed between tagging and the final sample. 
Growth rates were analyzed by ANOVA, with doses 
randomly blocked on the net pens. Experimental units 
were the incubators, so each dose was replicated 8 
times, except for the highest dose which was repli
cated 15 times in each of the nets . 

The growth study with the 1995 brood used fish 
retained from the marine survival experiments. Sam
ples of fish from Time Strata 1, 2, 6 and 7 were cultured 
in a common net pen for approximately 10 rna after 
tagging, at which time they were sacrificed. The 
weight of each fish was recorded along with its . tag 
code and exposure history. Growth rates were calcu
lated using the same procedure as for the 1993 brood, 
but the initial weights were approximated from mean 
weights observed for each tag code at tagging. These 
means were determined from measurements taken 
from 100 randomly selected individuals from each dose 
in each time stratum at the time of tagging. The 
growth-rate measurements were examined by a ran
dom block design with doses blocked on release time, 
so that the tag codes were the experimental units. 

The effects of embryonic exposure to PAH on size at 
maturity were examined by measuring all the mature 
adults captured at the weir. Male and female sizes 
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were examined independently. Lengths were recorded 
from the middle of the eye to the fork of the tail. Analy
sis of the data conformed to the design of the marine 
survival experiments, where the tag codes were the 
experimental units. Thus, the 1995 brood-year data 
were examined with random block design with each 
dose blocked on release time. The design for the 1993 
brood dictated a 1-way ANOVA with dose replicated 4 
times. 

RESULTS 

Exposure levels, composition, and uptake 

The concentrations of PAHs in water decreased 
exponentially as the oil on the gravel weathered in 
both brood years. The composition in the water resem
bled the pattern found following the 'Exxon Valdez' oil 
spill (Short & Harris 1996) . The most volatile mono
aromatics were evaporated from the oil prior to coating 
the gravel. Consequently, changes in water concentra
tion reflected the decreasing relative concentrations of 
the most volatile of the 2- to 4-ring aromatics found on 
the gravel. In the 1995 test, the initial TPAH concen
trations ranged from 5.2 to 19.4 ppb. Water concentra
tions of TPAH decreased to < 15 % of their initial values 
in the first 38 d after fertilization of Oncorhynchus gor
buscha eggs (Fig. 1) . Emergence began after another 
156 d, when TPAH levels in water samples collected 
from the < 5.2 dose were indistinguishable from the 
controls, while those of the < 19.4 dose were 0.1 ppb. 
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The PAH composition of the <5.2 and 
<19.4 doses differed slightly as a result of 
differences in the oil-film thicknesses on 
the gravel. Prior to loading the incubators 
with eggs, the gravel was flushed with 
water for 48 h . This flushing caused a 
greater degree of weathering in the thin
ner film of oil on the gravel used for the 
<5.2 dose than for the <19.4 dose. Con
sequently, the initial relative concentra
tions of the alkyl-substituted dibenzothio
phenes, phenanthrenes and chrysenes 
were greater in the water contaminated 
by the <5.2 dose than with the <19.4 dose 
(Table 2). Compositional differences be-
tween the <5.2 and <19.4 doses were con-

Fig. 1. Decline in mean (±1 SE) total aqueous PAH (TPAH) conce ntrations 
(ppb) for each dose used for 1995 exposures, a nd resulting tissue concentra
tions (ppm) in Oncorhynchus gorbuscha eggs. Control water samples were 
not collected on Day 50, a nd control tissue levels are not shown. Symbols 

sistent with differences observed for the 
1993 brood exposures. The composition of 
the oil on the gravel used for the < 19.4 
dose was similar to that used for the < 18.0 
dose in 1993; values of the weathering 
parameter TIl' for these doses were 0.45 
and 0.6, respec tively. The low values for sometimes obscure error bars 
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Table 2. Mean relative conce ntrations (±SE) of polynuclear 
a romatic hydrocarbons (PAH) in incubator e ffluents at time 
1995 brood exposures of Oncorhynchus gorbuscha began. 
Relative concentrations are expressed as p e rcentage of total 

PAH conce ntration; nd = analyte not de tected 

PAH <5.2 dose <19.4 dose 

Naphthale ne nd 0.65 ± 0.06 
2-methylnaphthalene 1.30 ± 0 .07 8.28 ± 0 .13 
1-me thylnaphthalene 1.23 ± 0.04 7.59 ± 0 .11 
Biphe nyl 0.52 ± 0 .04 1.69 ± 0 .02 
C-2 naphthalenes 12.3 ± 0.9 28.0 ± 0 .3 
C-3 naphthalenes 21.1 ± 0.9 19.4 ± 0.1 
C-4 naphthalenes 8.50 ± 0.02 4.18 ± 0.05 
Acenaphthylene 0 .07 ± 0 .01 0.02 ± 0.01 
Acenaphthene 0 .33 ± 0.05 0.26 ± 0.01 
Fluorene 1.45 ± 0 .12 1.74 ± 0.07 
C-l fluorenes 3.78 ± 0.14 2.69 ± 0.1 
C-2 fluorenes 4.35 ± 0.21 1.84 ± 0.06 
C-3 fluore nes 1.84 ± 0.24 0.52 ± 0 .1 
Dibenzothiophene 3.24 ± 0.13 3 .76 ± 0.01 
C-l dibenzothiophenes 3.88 ± 0 .09 2.19 ± 0.01 
C-2 dibe nzothiophe ne s 2.86 ± 0 .16 1.01 ± 0.02 
C-3 dibenzothiophenes 1.56 ± 0.37 0 .37 ± 0.04 
Phenanthrene 5.37 ± 0.31 4.75 ± 0.04 
Anthracene 0.21 ± 0.01 0 .09 ± 0.01 
C-l phe nanthrenes 11.5 ± 0.2 6 .40 ± 0.01 
C-2 phenanthrenes 7 .50 ± 0.42 2.78 ± 0.08 
C-3 phe nanthrenes 3.55 ± 0 .74 0.9"1 ± 0.08 
C -4 phenanthrenes 0.89 ± 0 .24 0.22 ± 0.02 
Fluoranthene 0.51 ± 0 .15 0.07 ± 0.01 
Pyrene 0.38 ± 0 .05 0.09 ± 0.01 
C-l fluoranthenes 0 .39 ± 0.03 0.13 ± 0.01 
Be nzl a lanthracene 0 .05 ± 0.01 0.04 ± 0 .03 
Chryse ne 0 .28 ± 0 .01 0.06 ± 0.02 
C-l chrysenes 0 .23 ± 0 .05 0.05 ± 0 .01 
C -2 chrysenes 0.09 ± 0.03 0.02 ± 0 .01 
C-3 chrysenes 0.06 ± 0 .01 0.01 ± 0.01 
C -4 chrysenes 0.04 ± 0 .01 0.01 ± 0 .01 
Be nzo-b-fluoranthe ne 0.09 ± 0 .01 0.03 ± 0.01 
Be nzo-k-fluoranthene 0.07 ± 0.01 0.02 ± 0 .01 
Be nzo-e-pyre ne nd nd 
Be nzo-a-pyre ne 0.06 ± 0.01 0 .02 ± 0.01 
Pe ryle ne nd nd 
Inde no-123-cd-pyrene 0.17 ± 0.01 0.04 ± 0.01 
Dibenzo-a, h-anthracene 0.14 ± 0.01 0.04 ± 10.01 
Be nzo-g,h,i-perylene 0.11 ± 0.01 0.03 ± 0.01 

these samples indicat~s that their compositions were 
similar to oil devoid of mono-aromatics such as ben
zene, toluene and xylene, but "\rith high relative con
centrations of naphthalenes and less substituted 
phenanthrenes. The initial value for w calculated for 
the <5.2 dose used in 1995 was 1.09, which was com
parable to the 1.5 value recorded for the < 7.8 dose in 
1993 (Heintz et al. 1999) . 

Peak tissue conce ntrations were observed in the 
eyed egg samples collected 46 d after fertilization 
(Fig. 1) when yolk conte nt was still high . Tissue PAH 
le vels subsequently decreased as development pro-

gressed, and 198 d after fertilization, when emergence 
began, PAH loads were < 10 % of their peak values. 
This decrease resulted from the loss of PAHs from tis
sues that paralleled losses in incubator effluent (Heintz 
et al. 1999). Its unlikely that decreased PAH burdens 
reflected dilution by increased tissue mass, because no 
feeding occurs during incubation and fry weights are 
similar to unfertilized egg weights . The TPAH concen
trations in the eyed eggs ranged from 0.3 ppm in the 
unexposed eggs to 1.0 and 6.3 ppm in the eggs from 
the <5.2 and <19.4 doses, respectively. This timing and 
level is in accordance with the more detailed analysis 
presented for the 1993 brood fish in Heintz et al. 
(1999) . 

Effect of embryonic exposure on marine survival 

Fewer exposed fish from the 1995 brood survived the 
marine environment and returned as mature adults 
compared to the unexposed fish (p < 0.0001) . On aver
age, 1.3 ± 0.3 % of the control fish were recovered com
pared to 1.1 ± 0.2 and 0.8 ± 0.2 % for the <5.2 and <19.4 
doses, respectively (Fig . 2) . While these changes in 
survival might appear too small to be Significant, they 
were both statistically and biologically significant in 
the returning adults, more than 900 control fish were 
recovered compared to 757 and 575 for the <5.2 and 
< 19.4 doses, respectively. The marine survival ob
served for the· <5 .2 dose was Significantly lower than 
the control rate (p = 0.012). Mean recovery rates dif
fered significantly among the different release times 
(p < 0.001), with the first 2 release times having the 
greatest mean recovery: 1.7 ± 0.3 and 1.9 ± 0.2 %, 
respectively. Hence, it was important in the experi
mental design that each release group contained 
approximately equal numbers of control and dosed 
fish. The design did not allow testing for the interaction 
between dose and release time. However, the <19.4 
dose had the lowest mean recovery rate for all 7 
release times, and the <5.2 dose had the intermediate 
mean rate in 6 of the 7 release times. 

Most fish were recovered as returns to the hatchery, 
and some in the fishery, but distribution of the recover
ies among the different recovery locations did not 
depend on dose . Weir recoveries accounted for 84 .2 ± 

1.9 and 87.4 ± 1.3 % of all the tag recoveries for the 
<5 .2 and <19.4 doses, respectively, and the controls 
had an intermediate recovery rate of 84 .7 ± 1.0 %. Sim
ilarly, recoveries in the fishe ries accounted for 10.5 ± 

1.3 to 13.0 ± 1.0 % of all tags recovered for the <5 .2 and 
control doses, respectively, while fishery recoveries 
accounted for 13.2 ± 2.1 % of all <19.4 dose recoveries . 
The remainder were recovered in non-natal streams 
(We rtheimer et al. 2000) . 
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Fig. 2. Oncorhynchus gorbuscha. Average re covery rates 
(±1 SE) of exposure groups released for 1995 brood and 1993 
brood marine survival experiments. Values for the 1995 brood 
are m ean recoveries of 7 tag lots from e ach dose with release 
sizes of approximately 10000 fish pe r lot; values for 1993 
brood are means of 4 lots p e r dose with release sizes of 
<1500 fish per lot. * = doses with significantly lower recove ry 

rates than control. BY: brood year 

Results of the less extensive marine survival experi
ment performed with the 1993 brood corroborate the ob
servation of reduced survival in the <19.4 dose from the 
1995 brood. The mean return rate for the 1993 brood was 
lowest for fish initially exposed to the < 18.0 dose (Fig. 2). 
Recovery rates for the doses analogous to the those used 
for the 1995 brood were 2.0 ± 0.2, 2.2 ± 0.3 and 1.7 ± 

0.4 % for control, < 7.8 and < 18.0 doses, respectively. The 
ANOVA failed to detect a difference among these means 
(p = 0.648). The inability of the ANOVA to detect a dif
ference in survival for this brood year (with low release 
numbers and returns) is consistent with the lower statis
tical power of this experiment. Factors that led to lower 
statistical power in the 1993 brood experiment included 
reduced numbers of replicates and small numbers of re
leases, resulting in a number of recoveries that was one 
tenth that of the 1995 brood expe rime nt. 
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Fig. 3 . Oncorhynchus gorbuscha. Mean growth rate (±1 SE) of 
1993 brood fish 4 to 6 rna afte r PAH exposures ended and of 
1995 brood fish during first 10 rna afte r exposure. Means 
shown for 1993 brood were calcula te d by averaging the me an 
growth rates obse rved in each of the 8 incubators (15 for 
< 48 ppb dose ) replicating each dose; means for 1995 brood 
we re obtained by averaging 4 m ean growth rates observed 
for fish from different emergence times. See 'Materials and 
me thods' for details on experimenta l designs. * = doses with 
significantly diffe re nt growth than control. BY: brood ye ar 

Early marine growth in exposed fish 

The 1993 brood growth-experiment demonstrated 
the dependence of early marine growth on embryonic 
exposure level (p < 0.001) (Fig. 3) . Unexposed fish 
increased their mass by an average of 1.54 ± 0.02 % d- I 

compared to 1.33 ± 0.02 Ofc) for the fish exposed to the 
<48.0 dose. This meant that despite their having equal 
weights initially (p = 0.590), 200 d after the exposures 
ended, control fish averaged 23 .0 ± 0.9 g compared 
with fish exposed to the <48.0 dose which averaged 
21.5 ± 0.6. If the relative differe nce in these growth 
rates were maintained until maturity, an additional 
300 d, then fish exposed to the < 48.0 dose would be 
expected to weigh approximately half as much as con
trol fish . While their weights differed by 5 % at the end 
of the experiment, their le ngths were nearly equal, 
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varying between 144 ± 1 and 141 ± 1 mm, for the con
trol and <48.0 dose, respectively. The <18.0 dose was 
the lowest dose, with average growth less than the 
control (p = 0.021) . 

Growth of the 1995 brood held in net pens for 300 d 
after exposure ended also demonstrated a dependence 
on embryonic exposure level (p = 0.0002). Fish from 
the control dose grew an average of 1.89 ± 0.01 % d- I 

compared with 1.88 ± 0.01 and 1.84 ± 0.01 % d- I for the 
<5 .2 and <19.4 doses, respectively (Fig. 3). A signifi
cant difference in growth rate between the controls 
and <19.4 dose (p = 0.0001) meant that the final weight 
of the exposed fish was 52.3 ± 1.9 g compared with 61.1 
± 3.4 g for the control fish, despite similar initial sizes 
(p = 0.860). Lengths were not recorded for these fish. 
As with the 1993 brood, these relatively small dif
ferences in growth rate might appear biologically 
insignificant, but when extrapolated over a the re
maining life of the fish, they translate to large differ
ences in size at maturity. Another 7 mo of growth at the 
observed rates would result in fish from the < 19.4 dose 
being 33 % lighter at maturity than the controls. 

Effect of embryonic exposure on size at maturity 

Differences in size at maturity were not apparent 
between different dose groups released to the wild. 
Neither the lengths nor weights of returning males (p > 
0.198) or females (p > 0.202) differed among the expo
sure groups in both brood years . In contrast to the 
growth experiments performed on captive fish where 
all control and exposed fish survived to the end of the 
growth measurements, the fish released to the wild 
were measured when they returned and survival may 
have depended on growth or size at a given age. 
Exposed fish should have been much lighter than con
trol fish, based on the differences in average daily 
growth rates observed in the growth experiments. 
However, the most extreme difference in weights was 
observed between the control and < 18.0 dose males 
from the 1993 brood, who differed by 10 % , decreasing 
from 1304 ± 41 to 1150 ± 48 g, respectively. The lengths 
and weights of the remaining exposure groups were 
all similar, differing by no more than 5 % in a given 
brood year. 

DISCUSSION 

Exposure of embryonic Oncorhynchus gorbuscha to 
PAH concentrations in the low ppb produced sublethal 
effects in pink salmon that led to reduced growth and 
marine survival . These data demonstrate that the con
tributions of delayed mortality can be a significant 

component to total mortality resulting from exposure 
to oil. Therefore, evaluation of oil toxicity by examina
tion of the short-term consequences underestimates 
the impacts of oil pollution. For example, Heintz et al. 
(1999) reported a 25 % reduction in survival during 
incubation for 1993 brood fish exposed to the < 18.0 
dose. Between the end of the exposure and maturity, 
survival was further reduced by another 15 %, result
ing in the production of 40 % fewer mature adults than 
the unexposed population. Thus, the true effect of the 
exposure on the population was > 50 % greater than 
was concluded after evaluating the immediate effects . 

The effects described here resulted from exposure to 
PAHs with 2 to 4 rings, compounds whose impact on 
subsurface aquatic organisms after oil spills have been 
assumed to be inconsequential. In contrast to the data 
presented here, pink salmon fry exposed to the water
soluble fraction of oil for 10 d had the same marine sur
vival as unexposed fry (Birtwell et al. 1999). That study 
simulated conditions posited to be encountered by 
pink salmon fry in the first few days after a spill, when 
highly volatile mono-aromatic hydrocarbons rapidly 
dissolve into water below the oil slick. However, Wert
heimer & Celewycz (1996) and Willette (1996) demon
strated that pink salmon fry migrating through an oil 
spill are more likely to be exposed to multi-ring aro
matics, with profound impacts on their growth and 
marine survival (Geiger et al. 1996). Thus, exposure of 
sensitive life stages to low concentrations of highly 
toxic multi-ring PAHs poses a greater risk to fish popu
lations after a spill than exposure to mono-aromatics. 
This is consistent with the observed loss of billions of 
herring larvae (Brown et al. 1996) after the mono
aromatic compounds had evaporated from the oil 
spilled by the 'Exxon Valdez'. 

The absence of size differences in the exposed fish 
that survived to maturity could have resulted from 
size-dependent mortality during their marine resi
dence, or from compensatory growth relative to that 
of the unexposed fish . Our observations of reduced 
growth indicate that the size of mature fish from the 
control and <19.4 dose should have differed by nearly 
30% . The failure of these fish to differ in size at matu
rity may have resulted from size-dependent mortality, 
as suggested by the fewer recoveries of exposed fish . 
Slower-growing pink salmon are likely to be more vul
nerable to predation because their small size makes 
them susceptible to a greater number of predators, and 
less able to evade attacking pre dators (Lundvall et al. 
1999). Alternatively, compensatory growth would re
sult when a sufficient number of exposed fish have 
died , thereby decreasing the density of conspecific 
competitors. However, the number of exposed fish that 
survived is trivial in comparison with the large number 
of conspecifics they likely encountered during their 



Heintz et al.: Delayed effects of crude oil on pink salmon 213 

marine migration. Thus, compensatory growth is a less 
likely explanation for the absence of a size difference 
at maturity than size-selective predation. 

The slower growth rates observed during the early 
marine residence are likely to be the result of a variety 
of sublethal biochemical effects. Growth measure
ments integrate a variety of physiological processes, 
and it is unlikely that slower growth is the result of 
energetic deficiency brought on by the need to metab
olize and depurate oil (Moles et al. 1987) . We observed 
reduced growth long after the exposures ended, and 
PAH loads in tissues were minimal at emergence. 
More likely, it results from biochemical impairments 
acquired during early development. Roy et al. (1999) 
described mutagenic effects of oil on pink salmon incu
bated under conditions similar to those described here. 
Consequently, reduced growth could conceivably re
sult from damage to DNA which could impair gene 
regulation, divert energy to incipient carcinomas, or 
impair activity of enzymes responsible for modulating 
growth or foraging. It is important to note that length of 
exposed fish was much less affected than weight. 
Reduced lengths would indicate an impaired ability to 
grow bony structures. Reduced weight suggests varia
tion in the size of organs and fluid volumes, and repre
sents a greater variety of biochemical impairments. 

The delayed effects resulting from embryonic expo
sure to PAHs reported here indicate that mortality 
levels reported for salmon streams contaminated by 
the 'Exxon Valdez' underestimated the total mortality 
induced by exposure. Measurements of mortality in 
oil-contaminated streams reported by Bue et al. 
(1996) only accounted for direct observations of dead 
embryos in samples collected from streams, and 
failed to account for the number of delayed mortali
ties that inevitably followed the embryonic exposures . 
Likewise, estimates of lost production in the years fol
lowing the spill (Geiger et al. 1996) failed to account 
for delayed effects in those broods that were exposed 
to oil during incubation. Maki et al.'s (1995) inability 
to detect differences in the recruit per spawner ratios 
between oiled and unoiled streams indicates either 
these effects were not catastrophic, or the methods 
used to detect them were underpowered. Geiger et 
al. (1996) demonstrated that the oil had a detectable, 
but not catastrophic impact on the productivity of 
pink salmon populations in southwestern Prince 
William Sound. Thus , it seems likely that the methods 
employed to determine the recruit per spawner ratios 
reported by Maki et al. (1995) were insufficiently 
powered. This is consistent with their failure to distin
guish between homing and straying salmon in their 
study streams, and straying salmon can account for 
> 25 % of the pink salmon in some streams (Sharp et al. 
1994). Deficiencies in the statistical power of Exxon-

sponsored sampling designs have been reported else
where (Peterson et al. 2001). 

When oil contaminates natal habitats , the immediate 
effects in one generation may combine with delayed 
effects in another to increase the overall impact on the 
population. This is demonstrated by the pink salmon in 
Prince William Sound, which incubated downstream 
from persistent oil reservoirs for years after the 'Exxon 
Valdez' oil spill. Observations in 1991, 2 yr after the 
spill, revealed the greatest discrepancy in mortality 
between oiled and unoiled streams (Bue et al. 1996) . 
This difference is partly due to observations of ele
vated mortality in stream sections that were not conta
minated by the spill. Bue et al. (1998) explained this 
observation by demonstrating a delayed effect on 
gamete quality in adults returning to contaminated 
streams. Murphy et al.'s (2000) observations of oil on 
the stream banks indicate that 1991 brood embryos 
were probably also suffering from lethal exposures to 
PAHs derived from lingering oil reservoirs. Thus, the 
effects of chronic exposure to oil in their natal habitat 
probably led to immediate and delayed mortality com
bined with reduced fitness associated with impaired 
reproductive ability. 

Delayed effects such as those described here may 
also exacerbate the catastrophic effects experienced by 
populations after an oil spill. An example can be drawn 
from the examination of the population level effects of 
the 'Exxon Valdez' oil spill on Prince William Sound 
pink salmon. Geiger et al. (1996) estimated that 60000 
adult pink salmon from the 1989 brood year failed to re
turn as a result of oil exposure during embryonic devel
opment, based on the assumption that 6 % of the 1.91 
million fish returning to the southwestern district of 
Prince William Sound had· been affected by the oil. We 
observed a 15 % reduction in marine survival of fish ex
posed to the <5.2 dose. If we assume a 15 % reduction 
in survival in the 114000 (Le. 6 % x 1.91 million) fish 
that survived incubation in oiled gravel, then escape
ment should have been 134000 fish and delayed effects 
should account for the loss of another 20000 fish . Con
sequently, the estimated losses of 1989 brood pink 
salmon resulting from exposure to toxic levels of PAHs 
may have significantly underestimated the actual 
losses . Delayed effects of PAH exposure in post-emer
gent fry have also been shown to have the potential for 
much larger impacts than are indicated by short-term 
studies of mortality. Growth was reduced for the 1988 
brood juvenile salmon in Prince William Sound due to 
oil contamination in their marine habitats in the spring 
of 1989 (Wertheimer & Celwycz 1996, Willette 1996) . 
Geiger et al. (1996) estimated that nearly 2.0 million 
adult fish were lost from this brood due to reduced 
growth of the juveniles as they migrated through oil
contaminated water in the weeks following the spill. 
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Demonstration of the delayed effects of embryonic 
exposure to PAHs indicates that 'effective' concentra
tions of PAHs are lower than predicted by traditional 
approaches to toxicity testing . 'Effective' concentra
tions, as determined by typical acute and chronic 
toxicity assays, represent concentrations that elicit 
responses when applied over time periods that are 
short relative to the lives of the exposed animals. Acute 
and chronic toxicity assays performed in this way are 
useful for comparing the potencies of compounds or 
relative sensitivities of organisms (Bliss 1952), but they 
inaccurately portray the lowest concentrations that can 
impair the prosperity of exposed organisms (Beak 
1958) . For example, Cranford et al. (1999) note that 
acute toxicity testing indicates barite to be toxicologi
cally inert, but sea scallops Placopecten magellanicus 
exposed to a 0.5 ppm concentration for 68 d ceased 
gonad growth. When longer-term exposures and eval
uations are used, concentrations with meaningful 
impacts are often much lower than those predicted 
by short-term testing (Moles 1998) . However, even 
longer-term 'chronic exposure' tests may not provide 
a meaningful lowest effective concentration if inappro
priate life stages are tested. Billiard et al. (1999) 
reported that rainbow trout exposed to a 180 ppb con
centration of retene between eyeing and hatching 
experienced decreased growth after swim-up, which 
would probably result in reduced survival, as it did for 
the pink salmon described here. Comparison of our 
results with those of Billiard et al. (1999) suggests that 
exposure prior to hatChing may have resulted in 
impacts at even lower concentrations. 

Reliance on toxicity tests that fail to realistically sim
ulate exposure conditions is likely to misguide water
quality managers. Exposures in the natural environ
ment usually involve multiple life stages exposed to 
much lower levels of contaminants over greater 
amounts of time than presumed by acute and chronic 
toxicity assays. The resultant effects are subsequently 
played out over the lives of the exposed organisms, 
which usually represent much longer time scales than 
96 h or even 30 d. Attempts to evaluate toxicity by arti
ficially limiting the exposure and evaluation times can 
result in misleading conclusions, such as pink salmon 
eggs being less sensitive to oil effects than other life 
stages (Rice et al. 1975). While that conclusion may 
have been appropriate for the immediate conse
quences of a 96 h exposure, it fails to inform us about 
the effects of oil spills on pink salmon. Nevertheless, 
Brannon & Maki (1996) relied on that conclusion to 
evaluate the potential impacts of the 'Exxon Valdez' oil 
spill on pink salmon. Not surprisingly, they concluded 
that oil concentrations in the incubating environments 
were insufficient to cause deleterious effects, despite 
numerous reports to the contrary. 

The basic assumptions regarding the effects of oil 
spills on subsurface aquatic organisms lie at the root of 
this misguided reliance on short-term toxicity testing. 
Most testing proceeds from the assumption that sub
surface organisms are most impacted by the rapid dis
solution of the volatile mono-aromatic hydrocarbons 
into the water column below the oil slick. Conse
quently, much effort has been directed at demonstrat
ing the toxicity of dissolved mono-aromatics. However, 
these tests only confirm that the water-soluble fraction 
can be toxic, they provide no information on the risk to 
aquatic organisms relative to PAHs, and therefore are 
blunt tools for evaluating the impacts of oil spills. The 
large-scale study recently described by Birtwell et al. 
(1999) demonstrates that these assumptions continue 
to shape the discussion of oil toxicity to subsurface or
ganisms, despite the growing evidence that PAHs not 
mono-aromatics were the primary cause of fish mortal
ity after the 'Exxon Valdez' oil spill (Rice et al. 1999) . 
Thus, short-term toxicity tests remain the workhorse of 
managers evaluating the risk and impacts of oil spills 
on aquatic species despite mounting evidence for the 
importance of long-term impacts and delayed effects. 

Contrary to the supposition that PAHs have a minor 
impact on subsurface organisms, population productiv
ity is apt to be reduced wherever developing fish em
bryos encounter PAHs, at low ppb levels. Previous re
ports have shown immediate effects on teleost embryo 
survival at concentrations near 1.0 pp.b (Carls et al. 
1999, Heintz et al. 1999). In this report, we have shown 
that fish that survive embryonic exposure to PAH con
centrations of <5.2 ppb have lower probabilities of sur
vival to maturity. Those that survive to maturity can be 
expected to have reduced reproductive output, as 
demonstrated for minnows that survived embryonic ex
posure to concentrations of benzo-a-pyrene as low as 
1.0 ppb (White et al. 1999), or pink salmon after the 
'Exxon Valdez' oil spill (Bue et al. 1998). Consequently, 
fish populations whose natal habitats are contaminated 
with PAHs at low ppb levels can be expected to experi
ence the compound effects of mortality during expo
sure, reduced survivorship afterwards, and reduced re
productive output at maturity. The broad overlap 
between fish nursery habitats and sites with elevated 
PAH loads is therefore a cause for concern. 
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Abstract

A review of the acute and chronic effects of produced formation water (PFW), drilling fluids (muds) including oil-based cutting

muds, water-based cutting muds, ester-based cutting muds and chemical additives, and crude oils associated with offshore oil and

gas production was undertaken in relation to both temperate and tropical marine ecological processes. The main environmental

effects are summarized, often in tabular form. Generally, the temporal and spatial scales of these studies, along with the large levels

of inherent variation in natural environments, have precluded our ability to predict the potential long-term environmental impacts

of the offshore oil and gas production industry. A series of critical questions regarding the environmental effects of the offshore oil

and gas production industry that still remain unanswered are provided for future consideration. � 2002 Elsevier Science Ltd. All
rights reserved.

Keywords: Produced formation water; Drilling fluids; Crude oils; Acute toxicity; Chronic toxicity; Future research priorities

1. Introduction

There are a variety of wastes produced by or associ-
ated with offshore oil and gas production. These include
produced formation water (PFW), drilling fluid chemi-
cals, oil-based drilling muds and cuttings, water-based
drilling muds and cuttings, and of course oils including
both crude oil from extraction processes and fuel/diesel
oil from ships and equipment used in the production of
oil and gas. This review will look at the associated acute
and chronic toxicity of the above wastes on tropical
and temperate marine organisms from a wide variety
of ecosystems including plankton communities, benthic
communities, pelagic communities, sea grass beds,
mangroves and coral reefs.

2. Produced formation water

Produced formation water, the oily water usually
discharged from a platform after separation from the

oil, is made up from formation water (water associated
with the oil in the reservoir) and potentially includes
water which was injected into the reservoir to maintain
pressure and oil production. The volumes of PFW
produced are enormous it is estimated that 234 million
tonnes of PFW were discharged into the UK sector of
the North Sea alone in 1997 (Henderson et al., 1999). It
is estimated that 7500–11,500 tonnes of petroleum hy-
drocarbons enter the environment each year from PFW
discharges globally (Black et al., 1994a,b). As oil fields
age, the volume of PFW can increase to several times the
volume of oil produced (Henderson et al., 1999).
The hydrocarbon content of formation water, which

generally makes up the bulk of produced water, is only a
small part of the total organic composition and is gen-
erally restricted to a maximum oil content of 40 mg/l or
less (Brendehaug et al., 1992). Most of the hydrocarbon
material is made up of naturally produced low molec-
ular weight organic compounds along with a variable
amount of chemicals used in the production process
(Davies and Kingston, 1992). These hydrocarbons in-
clude residual volatile compounds, as well as non-vola-
tile hydrocarbons not removed by the separation regime
utilized on the platform. Environmental effects of PFWs
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are thus related to their specific chemical compositions,
which vary greatly between platforms. There are a va-
riety of fates that the discharged materials can have
within the marine environment including volatilization
to the atmosphere, adsorption and settling out onto the
bottom sediments, dispersal by water currents, and up-
take and metabolism by both pelagic and benthic ma-
rine organisms.

2.1. Acute toxicity of produced formation waters

Given the variety of chemicals and range of concen-
trations possible, it is difficult to generalize about the
potential toxicity of any particular PFW other than by
describing the toxicity of the various individual com-
ponents and then attempting to predict the mixture-
toxicity based on the single toxicant toxicity’s. Since this
approach is very susceptible to error, the best way of
assessing potential environmental impact is to assess
‘‘whole PFW’’ toxicity using a variety of living organ-
isms, preferably indigenous marine ones. This has been
the approach adopted by most regions of the world and
acute toxicity data from various production areas indi-
cated a relatively low acute toxicity to various marine
organisms with acute LC/EC50’s ranging from roughly
5% to 50% whole PFW (Table 1).

In addition to the complex mixture of aliphatic, aro-
matic and polar compounds in PFW which contribute to
the relatively modest acute toxicity of produced water,
there are a number of production chemicals which are
added for different purposes through the process or
separation line including corrosion inhibitors, scale in-
hibitors, demulsifiers, flocculents, anti-foaming agents
and biocides (Brendehaug et al., 1992). The acute tox-
icity of such chemicals contributes to the overall toxicity
of PFW water and the differences in toxicity between
such chemicals can be up to 4 orders of magnitude
(Table 2). Thus, the varying concentrations of such
chemicals in different PFWs along with the large differ-
ences in their acute toxicity explains the reported 10-fold
difference in toxicity between different PFWs depending
on the level of such chemicals in each (Black et al., 1994a;
Brendehaug et al., 1992; Burns et al., 1999; Davies and
Kingston, 1992; Henderson et al., 1999; Holdway and
Heggie, 1998; Neff et al., 1992; Rabalais et al., 1992;
Terrens and Tait, 1994, 1997; Tollefsen et al., 1998).
It is interesting that water-soluble production chem-

icals do not always increase the toxicity of the aqueous
phase of PFWs compared to oil soluble production
chemicals, though there is evidence that some produc-
tion chemicals may increase the solubility of oil com-
ponents of PFWs (Henderson et al., 1999). Overall,
however, the acute toxicity of PFWs to marine organ-

Table 1

Acute toxicity of various produced formation waters (PFWs)

Organism tested PFW Test conditions EC/LC50 (% PFW) Reference

Microtox (Vibrio fischeri) Bass Strait Platforms

(average of 10 platforms)

15 min static 7.09 Black et al. (1994b)

Brine shrimp (Artemia salina) Bass Strait Platforms

(average of 10 platforms)

24 h static 58.8 Black et al. (1994b)

Marine amphipod

(Allorchestes compressa)

Halibut Platform, Bass

Strait

96 h static replacement 34.5 Terrens and Tait (1994)

Mysid shrimp

(Mysidopsis bahia)

Western Outer Continental

Shelf, Gulf of Mexico

96 h daily renewal 7.08 (n ¼ 24,
S.D.¼ 3.73); 10.05
(n � 400,
S.D.¼ 10.36)

Moffitt et al. (1992)

Mysid shrimp

(Mysidopsis bahia)

Western Outer Continental

Shelf, Gulf of Mexico

7 days daily renewal 5.77 (n ¼ 24,
S.D.¼ 2.48)

Moffitt et al. (1992)

Mysid shrimp

(Mysidopsis bahia)

Krisna and Widuri

Platforms, West Java Sea,

Indonesia

96 h daily renewal

using 96 h biodegraded

produced water

25 (n ¼ 3) –
Krisna; 55 (n ¼ 3) –
Widuri

Smith et al. (1998)

Silverside fish

(Menidia beryllina)

Krisna and Widuri

Platforms, West Java Sea,

Indonesia

96 h daily renewal

using 96 h biodegraded

produced water

45 (n ¼ 3) –
Krisna; 25 (n ¼ 3) –
Widuri

Smith et al. (1998)

Sheepshead minnow

(Cyprinodon variegatus)

Western Outer Continental

Shelf, Gulf of Mexico

96 h daily renewal 21.55 (n ¼ 23,
S.D.¼ 6.99); 19.21
(n � 400,
S.D.¼ 14.82)

Moffitt et al. (1992)

Sheepshead minnow

(Cyprinodon variegatus)

Western Outer Continental

Shelf, Gulf of Mexico

7 days daily renewal 19.72 (n ¼ 23,
S.D.¼ 7.71)

Moffitt et al. (1992)

Algae (Skeletonema costatum) Gullfaks, North Sea 24 h growth inhibition 27.6 (n ¼ 8) Brendehaug et al. (1992)

Algae (Skeletonema costatum) Statfjord, North Sea 24 h growth inhibition 34.8 (n ¼ 5) Brendehaug et al. (1992)

Microtox (Vibrio fischeri) Gullfaks, North Sea 15 min static 7.18 (n ¼ 8) Brendehaug et al. (1992)

Microtox (Vibrio fischeri) Statfjord, North Sea 15 min static 4.66 (n ¼ 5) Brendehaug et al. (1992)
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isms is low and would likely only have acute effects
within the immediate mixing zone around a production
platform.
Acute effects of PFWs reported to occur in the mix-

ing zone include: altered benthic communities domi-
nated by short-lived opportunistic polychaetes up to
100 m from offshore platforms (Neff et al., 1992); de-
creased abundance of barnacles on platform structures;
and mortality of oysters within 23 m of an outfall
(Black et al., 1994a,b). Most distribution models predict
that acute toxicity due to exposure to PFW will be
negligible outside the mixing zone (Brendehaug et al.,
1992). In a study of produced waters from two plat-
forms located in the West Java Sea, Indonesia, Smith
et al. (1998) found that acute toxicity was only likely to
occur at low levels not exceeding 5% based on predicted
body residues and a time-varying integrated physico-
chemical transport model. Use of such models to esti-
mate the risk of acute toxicity is a useful method to
predict toxicity in areas exposed to plumes in which the
actual exposure concentrations will vary with time and
space. However, it must be remembered that models are
defined as ‘‘non-working copies of the original’’ and
that they are only as good as the quality of the data
used to create them.

2.2. Chronic toxicity of produced formation waters

There are far less data available regarding the chronic
effects of PFWs. Some of the potential effects include
impacts on the surface microlayer surrounding hydro-
carbon production platforms, altered benthic community
species composition, altered behavior and physiology,
reduced growth, and decreased fecundity of laboratory
exposed organisms using short-term chronic toxicity tests
(Black et al., 1994b; Brendehaug et al., 1992; Din and
Abu, 1992; Hinkle-Conn et al., 1998; Krause, 1995;
Krause et al., 1992; Moffitt et al., 1992; Neff et al., 1992;
Osenberg et al., 1992; Rabalais et al., 1992; Raimondi
and Schmitt, 1992; Reed et al., 1994).

Chronic effects have been reported in filter-feeding
organisms exposed to crude oil terminal PFW concen-
trations as low as 0.08 ppm while other studies have
found no effects at PFW concentrations ranging from
1.6% to 11.7% (Table 3). Sublethal effects such as altered
liver enzyme activities in reef fish living in close vicinity
to oil producing platforms indicate chronic exposure to
low levels of hydrocarbons but, as with most biomarkers
of exposure, such effects are difficult to interpret relative
to potential deleterious population effects (Holdway
et al., 1995).
In marine systems, many planktonic larval organisms

and early developmental stages could potentially be
exposed to plumes of PFWs and there is some evidence
that exposure of early life stages to low concentrations
of PFWs can cause a developmental response at a later
stage in sea urchins (Krause et al., 1992). Given that
planktonic larvae must generally undergo a sensitive
transition phase during which they settle and undergo
metamorphosis into adult forms, exposure to toxicants
contained in PFWs during this important life history
event could have pronounced effects.
Exposure of laboratory-reared red abalone (Haliotis

rufescens) larvae which were transplanted into cages at
varying distances from a PFW diffuser near Carpinteria,
CA, USA, resulted in significant effects on mortality,
settlement, metamorphosis, viability, and swimming
behavior at distances up to 500 m from the diffuser and
concentrations as low as 0.01% (100 ppm) PFW (Rai-
mondi and Schmitt, 1992). The authors demonstrated
for the first time that planktonic larvae can be adversely
affected by PFW plumes discharging into high energy,
open coast environments and that the prevailing as-
sumptions regarding lack of risk of PFWs to planktonic
species in open coast environments were incorrect. They
concluded that there was a need for more complete as-
sessments of both the ecotoxicological risk to mero-
plankton and the population consequences of PFW
discharges.
In a second study of the same PFW source, giant kelp

(Macrocystis pyrifera) recruitment was found to be

Table 2

Acute toxicity of chemicals added in the process/separation line

Chemical type Acute toxicity EC50 (mg/l)

Algae

(Skeletonema costatum)

Brine shrimp

(Artemia salina)

Microtox (Vibrio fischeri)

(minutes exposed)

Reference

Corrosion inhibitor 0.2–2 >20–25 15–50 (15); 7.1–21.9 (5–30) Brendehaug et al. (1992),

Henderson et al. (1999)

Scale inhibitor 60 1000 >1000 (15) Brendehaug et al. (1992)

Demulsifier 20 30 20 (15); 2.1–112 (5–15) Brendehaug et al. (1992),

Henderson et al. (1999)

Flocculent >1000 >15,000 >15,000 (15) Brendehaug et al. (1992)

Anti-foam 120 150 9 (15); 5.4 (5) Brendehaug et al. (1992),

Henderson et al. (1999)

Biocide – – l5.2–33.7 (15–45) Henderson et al. (1999)
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affected only in regions very close to the outfall (<50 m)
and that the lack of sporophyte production was proba-
bly due to factors affecting gametophyte survival (Reed
et al., 1994). Although concentrations of 10% PFW
were required to show field effects, laboratory exposures
to PFW concentrations as low as 0.01% caused a 2-fold
reduction in the proportion of females extruding eggs and
producing sporophytes. Exposure to 1% PFW in the
laboratory also affected the chemical recognition between
male and female gametes and caused a reduction in the
amount of sperm available for fertilization (Reed et al.,
1994). Thus, the authors are unable to conclude thatM.
pyrifera are less sensitive to PFW since lower apparent
field effects were contrasted with higher laboratory sen-
sitivity than other organisms previously studied.

A third study of marine organisms exposed to PFW
from a diffuser near Carpinteria, CA,USA, looked at two
species of mussels (Mytilus californianus and Mytilus
edulis) transplanted to the field. This study found dis-
tance-from-source-dependent sublethal effects occurred
in both species of mussels exposed to PFW as measured
by shell growth and condition (Osenberg et al., 1992).
The difficulties in interpreting spatial effects in marine
invertebrates were discussed and it was noted that ma-
rine organisms with a planktonic dispersal stage tend to
decouple local production of propagules from subse-
quent recruitment into the local adult population.
Osenberg et al. (1992) also found differences in benthic
infaunal distributions with distance from the PFW dif-
fuser, with nematodes being more abundant closer to

Table 3

Chronic toxicity of various produced formation waters (PFWs)

Organism tested PFW Test conditions Endpoint (units of PFW) Reference

Asian clam

(Donax faba)

Bintulu crude oil terminal

(COT), Bintulu, Sarawak,

Malaysia

12 days of static

exposure in 150 l tank

Clearance rate:

LOEC¼ 8.6 ppm (n ¼ 4)
Din and Abu (1992)

Respiration rate:

LOEC¼ 8.6 ppm (n ¼ 4)
Scope for growth:

LOEC¼ 8.6 ppm (n ¼ 4)

96 h of static

exposure in 15 l

LC10¼ 8.6 ppm
LC20¼ 11.1 ppm
LC40¼ 14.7 ppm

Asian clam

(Donax faba)

Lutong COT, Miri,

Sarawak, Malaysia

12 days of static

exposure in 150 l tank

Clearance rate:

LOEC¼ 0.75 ppm (n ¼ 4)
Din and Abu (1992)

Respiration rate:

LOEC¼ 0.75 ppm (n ¼ 4)
Scope for growth:

LOEC¼ 0.75 ppm (n ¼ 4)

96 h static exposure

in 15 l

LC10¼ 0.75 ppm
LC20¼ 1.10 ppm
LC40¼ 1.65 ppm

Asian clam

(Donax faba)

Labuan COT, Labuan,

Malaysia

12 days of static

exposure in 150 l tank

Clearance rate:

LOEC¼ 0.08 ppm (n ¼ 4)
Din and Abu (1992)

Respiration rate:

LOEC¼ 0.08 ppm (n ¼ 4)
Scope for growth:

LOEC¼ 0.08 ppm (n ¼ 4)

96th static exposure

in 15 l

LC10¼ 0.08 ppm
LC20¼ 0.11 ppm
LC40¼ 0.14 ppm

Mysid shrimp

(Mysidopsis bahia)

Western Outer Continental

Shelf, Gulf of Mexico

7 days of daily

renewal

Survival: NOEC¼ 3.14%
(n ¼ 24, S.D.¼ 1.92)

Moffitt et al. (1992)

Growth: NOEC¼ 1.60%
(n ¼ 24, S.D.¼ 1.41)
Fecundity: NOEC¼ 2.20%
(n ¼ 24, S.D.¼ 1.38)

Sheepshead minnow

(Cyprinodon variegatus)

Western Outer Continental

Shelf, Gulf of Mexico

7 days of daily

renewal

Survival: NOEC¼ 11.7%
(n ¼ 23, S.D.¼ 6.66)

Moffitt et al. (1992)

Growth: NOEC¼ 2.75%
(n ¼ 23, S.D.¼ 2.17)

188 D.A. Holdway / Marine Pollution Bulletin 44 (2002) 185–203



the diffuser, but reduced abundance of most carnivorous
groups including nemerteans, and several families of
polychaetes.
In a study of sea urchin fertilization success using the

same PFW from Carpinteria, Krause et al. (1992)
showed that even at the lowest PFW concentration
tested (0.0001% or 1 ppm), fertilization success was
significantly reduced by as much as 10–20% from con-
trols though a substantial fraction (>50%) were suc-
cessfully fertilized at the highest concentration tested of
1%. Such effects were later shown to exhibit significant
temporal variability though spatial variability was low
and the general spatial pattern of toxicity along a
transect was relatively constant (Krause, 1995). Use of
an embryo developmental test in the laboratory showed
that effects arising from sperm exposure were far greater
than those arising from egg exposure to PFW (Krause
et al., 1992). This was as a result of delayed expression
of effects of sperm exposure until later on in the em-
bryonic development. The authors suggest that the
toxicological mechanism most likely involves microtu-
bule function in sperm, which could cause early retar-
dation of development by delaying nuclear fusion
through impaired centriole function. Other studies po-
tentially also involving microtubule-mediated effects
include swimming and chemoreception of abalone lar-
vae (Raimondi and Schmitt, 1992), swimming of kelp
spores (Reed et al., 1994) and growth of mussels
(Osenberg et al., 1992). The possibility that all of these
PFW effects could be mediated through a unifying tox-
icological mechanism as suggested by Krause et al.
(1992) is an important area for future research to predict
PFW impacts in marine environments.
Benthic community effects have been noted in areas

of coastal Louisiana, Gulf of Mexico, USA, receiving
PFW discharges up to 800 m from the point of release
(Rabalais et al., 1992). These effects were found for both
species numbers and individual species abundance’s
though impact distances varied greatly and ranged from
no effects to 800 m. Bioaccumulation studies using
oysters (Crassostrea virginica) showed that PFW con-
taminants were taken up and accumulated by oysters
both in close proximity to discharges and also at dis-
tances up to 1000 m from discharges. Contaminants
included polycyclic aromatic hydrocarbons (PAHs),
trace metals and total radium which have been shown in
other studies to be found in PFWs from the Gulf of
Mexico region (Neff et al., 1992).
In another study of PFW contaminated sediment,

juvenile spot (Leiostomus xanthurus) did not actively
avoid sediment contaminated with 22 mg PAH/kg dry
sediment (Hinkle-Conn et al., 1998). In fact, feeding
strikes increased dramatically in the high-density meio-
fauna treatment with a 239% increase compared to
controls, possibly as a result of burrowing avoidance by
the prey organisms (majority were harpacticoids in this

experiment). It was concluded that due to lack of
avoidance or reduction in feeding intensity by spot,
there was an increased likelihood that the fish would
thus experience detrimental biological effects as a con-
sequence of increase ingestion and exposure to the PAH
contaminants.
Such effects can include elevated hepatic P-450E, aryl

hydrocarbon hydroxylase (AHH) activity, superoxide
dismutase (SOD) activity, and ethoxyresorufin O-
deethylase (EROD) activity, all substrate inducible en-
zymes involved in PAH metabolism (Hinkle-Conn et al.,
1998). Gill hyperplasia, pancreatic necrosis, reduced
phagocytic activity of macrophages has also been re-
ported in spot collected from PAH-contaminated sites.
The authors conclude that continued feeding in areas
with sediment PAH contamination at or about 22 ppm
will likely lead to chronic exposure to PAH which could
cause increased susceptibility to disease from suppressed
immune function, reduced growth, and delayed sexual
maturity in fish.

3. Drilling fluids and chemicals

The drilling of wells also generate significant quanti-
ties of wastes which have been estimated to account for
up to 2% of the total waste volume generated in the
United States (Reis, 1992). This waste is made up of
drilling fluids and the cuttings generated during drilling.
Drilling fluids (drilling muds) are used to remove cut-
tings from the hole, prevent blowouts by controlling
back pressure, maintain the integrity of the hole to
permit the installation of a casing, and to cool and
lubricate the drill bit.
Other functions ascribed to drilling fluids include:

• supplying hydraulic power to the drill bit,
• seal permeable formations of the borehole,
• suspend cuttings when circulation is interrupted such
as when adding a new piece of drillpipe,

• support part of the weight of the drillstring through
buoyancy, and

• ensure the securing of important information about
the formation being drilled to permit its successful
evaluation (Hinwood et al., 1994).

There are three major types of drilling fluids: water-
based where the fluid phase is water, oil-based where the
fluid phase is oil, and synthetic-based where the fluid
phase is a synthetic base compound such as an ester
(Burke and Veil, 1995). Water-based drilling fluids are
the most common and often contain a variety of
chemicals, which are formulated as required from a
generally limited list of additives. More than 90% of the
total ingredients of most water-based drilling fluids used
offshore in US waters consist of four materials: barite,
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bentonite, lignite and lignosulphonate (Hinwood et al.,
1994). While more than 1000 products are available for
formulating drilling fluids, the total number of ingredi-
ents in most drilling fluids is in the range of 8–12.
For example, the seven types of drilling muds that

make up some 89% of Italian offshore activities con-
tained only nine significant products that were listed by
Terzaghi et al. (1998) as follows:

• Lignosulphonate, a by-product of the separation of
pulp from wood using the sulphite process which
when added with iron and chrome is used as a disper-
sant in water-based drilling fluids.

• Modified starch made from bacterially stabilized po-
tato starch used to provide filtration control with
low viscosity.

• Soltex, an asphalt produced as a residue in petroleum
refining and sulphonated to make water-soluble, that
is primarily used for shale control.

• XC-polymer, a high molecular weight polysaccharide
utilized as a viscosifier in fresh and salt water fluids.

• Mor-rex, a chemically modified enzyme-hydrolyzed
cornstarch utilized as an effective dispersant in lime-
treated muds.

• Carboxymethylcellulose (CMC) LV, a cellulose deriv-
ative used as a fluid loss reducer and a shale inhibitor.

• Polyanionic cellulose (PAC) LV, another polymer
used as a fluid loss reducer and shale inhibitor but
with greater tolerance towards salts.

• Wetting agent/detergent, a specially formulated blend
of surfactants (including barite, calcite and haema-
tite) used in water-based drilling fluids to minimize
bit balling and to improve bit cleaning.

• Defoamer, a high molecular weight alcohol blended
with fatty acid derivatives utilized as defoaming
agent.

Government regulatory regimes for drilling fluids
traditionally used their chemical category to regulate the
various classes of drilling fluids. Concerns were raised in
the 1980s regarding the effects of drilling fluids on the
offshore marine environment in the USA (Morse et al.,
1986), resulting in tighter government regulations.
Testing of drilling fluids and new additives is now a
required practice in the United States, Canada and
Europe, and standards between countries can differ de-
pending on their specific concerns and perspectives
(Jones and Leuterman, 1990). Testing can also vary be-
tween regions within a country and the cost of ensuring
compliance with such tests can limit the marketability of
the various drilling fluid products.
Recently, some governments have adopted alternate

approaches such as case-by-case assessment based on
environmental impact assessment. Such approaches re-
quire knowledge of specific location environmental
sensitivity, the amount of drilling fluid to be used and its

type, the potential for accumulation of cuttings, and the
environmental characteristics of the drilling fluids to be
used. Newer economic environmental management ap-
proaches for drilling operations can result in up to 50%
reductions in drilling waste management costs as well as
minimization of environmental impacts (Longwell and
Akers, 1992). The use of synthetic-based muds (SBMs),
which involve the use of a synthetic liquid as the contin-
uous phase of the mud while brine serves as the dispersed
phase has been encouraged by various government en-
vironmental requirements for drilling muds. The syn-
thetic base compounds for such muds can be esters
synthesized from fatty acids and alcohols, polyalpha-
olefins, or olefin isomers, all relatively non-toxic com-
pounds (Burke and Veil, 1995).

3.1. Acute toxicity of drilling fluids

There is paucity of data on acute toxicity of drilling
fluids of any kind, likely because of their relatively low
acute toxicity. Older oil-based drilling muds (OBMs)
containing Number 2 diesel has greater toxicity than the
lower-toxicity mineral and animal oils developed as base
fluids. Such oil-based drilling muds are used in high-
temperature formations; formations containing water-
sensitive minerals, clays or reactive gases; and in wells
where a high level of lubrication is needed (Reis, 1992).
Use of oil-based muds today generally requires a reuse/
recycling system since their cost is higher and many
areas of the world forbid their discharge (e.g., Gulf of
Mexico). Other areas distinguish between diesel-based
muds and mineral oil-based muds (e.g., North Sea),
permitting the discharge of less toxic mineral oil-based
muds on an individually approved basis (Bleier et al.,
1993).
Recently, fish oil esters have been successfully used as

replacements for mineral oils in oil-based drilling fluids
and they have been found to have even lower acute
toxicity to marine organisms, with LC50s for the algae
Isochrysis sp. and the post larvae prawn (Panaeus
monodon) greater than 100,000 ppm (10%) for both
Biogreen whole fluid and the BG5500 base fluid (Papp
and West, 1999). Acute effects on the copepod Gladio-
ferens imparipes were almost as non-toxic with a 48 h
LC50 for the Biogreen whole fluid >100,000 ppm and the
48 h LC50 for the BG5500 base fluid determined to be
67,100 ppm or 6.71% (Papp and West, 1999).
Synthetic-based muds are water in oil emulsions

proposed to replace OBMs owing to their technical and
environmental advantages over OBMs and WBMs
(Burke and Veil, 1995). A study to evaluate SBM
characteristics found that they had low to moderate
acute toxicity to brine shrimp (Artemia salina) and to
water fleas (Daphnia magna) when tested in the labora-
tory (Xiao and Piatti, 1995). These tests were not suffi-
cient to ensure compliance with current legislation and
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approval of their use was uncertain at the time of pub-
lication.
The variety of chemical components in drilling muds

and their variation in both percentage composition and
inherent acute toxicity means that there is the potential
for large variations in toxicity between different muds.
Using the major Italian drilling fluid components to il-
lustrate this, it can quickly be seen that any drilling mud
containing larger amounts of defoamer and wetting
agents (both blends of surfactants) would have signifi-
cantly higher toxicity (Table 4).
The much higher toxicity of such compounds makes

their discharge into the sea ‘‘very concerning’’ according
to the authors of this study (Terzaghi et al., 1998). The
authors, however, recognize that it is important to assess
any long-term effects of drilling muds and that simula-
tion of actual drilling fluid dispersion is necessary to
understand actual exposure concentrations and areas,
and the dilution effects of the sea. According to Bleier
et al. (1993), such ‘‘specialty additives’’ are now being
developed to minimize toxicity problems and that
modern drilling fluids use lower toxicity solutions to
problems that require such additives to ensure that they
are far less toxic than older formulations.

3.2. Chronic toxicity of drilling fluids

There is even less information regarding the chronic
or long-term toxicity of drilling fluids to marine organ-
isms. Some studies have addressed this aspect of bio-
logical impact from a biodegradation perspective and
looked at the percentage ultimate biodegradation using
closed-bottle anaerobic biodegradation testing. It has
been estimated that oil discharged on drilling cuttings
was the greatest source of oil pollution in the North Sea
from drilling operations, having peaked in 1985 at
25,880 tonnes (Kingston, 1992). The response of benthic
organisms has been either a reduced number of indi-
viduals with few species close to drilling installations
(smothering or toxic effect) or an increased abundance
of few species close to source of contamination (organic

enrichment effect). Diversity shows a similar pattern to
species richness with low diversity near installations and
background levels being achieved by 2 km (Kingston,
1992; Olsgard and Gray, 1995).
A number of carrier fluids for invert emulsion drilling

fluids were assessed for their anaerobic biodegradability
using the standard European Centre for Ecotoxicology
and Toxicology of Chemicals (ECETOC) screening test
(Steber and Herold, 1995). The extent of ultimate de-
gradation of fatty acid esters I and II averaged (95% CL)
82.5% (13.9) and 83.7% (13.1) over 35 days while oleyl
alcohol and 2-ethyl hexanol averaged 88.6% (14.8) and
78.8% (21.4) degradation over 84 days. This contrasted
with degradation rates of only 3.9% (11.0) for mineral
oil A over 35 days and 0.6% (16.2) for polyalphaolefin II
over 50 days (Steber and Herold, 1995). The authors
stated that anaerobic biodegradability was an essential
prerequisite for the prevention of long-term presence
and effects of drilling fluids in the marine environment.
They found that fatty acid and alcohol-derived ester oils
had excellent biodegradability while mineral oils, dialkyl
ethers, alpha-olefins, polyalphaolefins, linear alkylbenz-
enes and an acetal derivative were only slowly biode-
graded if at all. Overall the authors concluded that ester
oils presently represented the only group of carrier fluids
easily accessible to anaerobic biodegradation.
In another biodegradation study of drilling fluids, the

percentage ultimate biodegradation varied from 11% to
85% for six drilling fluid mixtures assessed (Papp and
West, 1999). An internal olefin whole fluid (11%) and a
paraffin whole fluid (18%) were the least biodegradable
drilling fluids and Biogreen BG5500 whole fluid (an
oxygen-based fluid consisting of a fish oil ester) was the
most biodegradable (85%). Integrated laboratory, mes-
ocosm and field-scale tests for assessing environmental
impact of non-water-based fluid (NWBF) discharges to
the marine environment are ‘‘being developed with in-
dustry and scientific bodies’’ for this program in West-
ern Australia.
The sublethal effects of drilling fluids on 35 species of

marine organisms were reported in the earlier literature

Table 4

Acute toxicity of major Italian drilling fluid products (modified from Terzaghi et al., 1998)

Product type Acute toxicity EC50 Algae/LC50 (95% CL) brine shrimp (mg/l)

Algae (Phaeodacylum tricornutum) Brine shrimp

(Artemia salina)

Maximum concentration

in drilling fluids

Lignosulphonate 356 3953 (3972–4055) 23,000

Modified starch Not determined 10,000 17,000

Soltex asphalt 216 >10,000 17,000

XC-polymer >400 291 (250–335) 6000

Mor-rex maltodextrin Not determined >10,000 15,000

Carboxymethylcellulose (CMC) LV >10,000 >10,000 9000

Polyanionic cellulose (PAC) LV >10,000 >10,000 14,000

Wetting agent/detergent 65.4 341 (302–410) 800

Defoamer alcohol 9.15 5.41 (4.03–7.28) 1500
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(NRC, 1983 cited in Hinwood et al., 1994), all fluids
tested being chromium or ferrochromium lignosulpho-
nate fluids. Gulec (1994) investigated the effect of an
ester-based and a low salt PHPA mud on the burying
behavior of the marine sand snail Polinices conicus. He
found that the EC50 following 24 h of exposure varied
from 21% to 27% for the suspended particulate phase
(SPP) and from 23% to 38% for the liquid phase of ester
drilling mud; and from 26% to 33% for the SPP of the
low-salt PHPA mud. These relatively low toxicity’s for
a sensitive behavioral test indicate that short-term
sublethal effects of such drilling muds are of only
moderate concern in the immediate vicinity of a drilling
platform.
The potential impact of the SPP of drilling fluid on

seagrass was investigated using Thalassia testudinum and
its epiphytes in concurrent 12-week laboratory and field
studies (Macauley et al., 1990). Test systems (both lab-
oratory and field) were treated once per week to nominal
concentrations of 100 mg/l (ppm) SPP. Drilling fluid
exposure had no significant effect on chlorophyll a or b
content of Thalassia leaves. Epiphyte biomass on the
leaves of Thalassia was temporarily reduced after six
weeks of SPP exposure but had recovered to control
values by 12 weeks of exposure. These results would
indicate that chronic effects to marine sea grasses and
their epiphytes from long-term exposure to drilling flu-
ids do not appear to be likely to occur.
Drilling fluid waste had modest inhibitory effects on

the growth rate of Staphylococcus and Pseudomonas
species of soil bacterial isolates collected from a man-
grove swamp location, but enhanced the growth rate of
Alcaligenes and Micrococcus species taken from the
same site (Benka-Coker and Olumagin, 1996). The au-
thors speculated that the inhibitory effects of the drilling
fluid might result in an accumulation of the waste in the
environment though they also acknowledged that the
stimulatory effects on other soil bacteria could offset
such impacts. Drilling fluids have also been shown to
affect the substrate specificity of marine bacteria with
controls having lower overall variation in the percent-
ages of heterotrophic bacterial subgroups (lipolytic,
starch-hydrolyzing, proteolytic and cellulolytic bacteria)
over the experimental period (28 days) than the drilling
fluid exposed bacteria (Okpokwasili and Nnubia, 1995).
Similar results were obtained for oil-spill dispersant-
exposure. The authors conclude that the heterotrophic
microbial processes were negatively affected by exposure
to drilling fluids with a general trend of mild geomi-
crobiological process inhibition in the marine environ-
ment.
Use of marine benthic community species diversity

and species dominance measurements combined with
multivariate analyses and ordination techniques per-
mitted Gray et al. (1990) to distinguish site groupings
related to oil activities and in particular, to barium,

hydrocarbon and percentage of mud, at distances of up
to 2–3 km from one source in the North Sea (Ekofisk)
and up to 1.5 km from another North Sea source
(Eldfisk). The first indications of changes in benthic
communities were increased abundance patterns of
some species and altered patterns of presence and ab-
sence of rare species (Gray et al., 1990). This indicates
that drilling fluids can have subtle and less easily iden-
tified impacts much further away from platforms than
previously believed, but that high powered statistical
techniques combined with well-designed sampling pro-
grams are required to elucidate these effects.
Even fewer studies have looked at the effects of

drilling fluids in the region within the first few meters of
the seabed known as the benthic boundary layer (BBL).
This region has specific characteristics which differ from
the overlying water column and may result in particles
settling from the overlying water column remaining
suspended and concentrated within the BBL (Gordan
et al., 1992; Muschenheim et al., 1995; Muschenheim
and Milligan, 1996). In the recent laboratory studies of
sea scallops Placopecten magellanicus from Georges
Bank in the North Atlantic Ocean, simulation of the
physical conditions which exist in the BBL in the pres-
ence of various components of drilling muds showed
that adult scallops had very low tolerance to suspended
clay. Concentrations as low as 0.5 mg/l (ppm) of barite,
a major component on drilling fluids, caused significant
detrimental effects on adult scallop growth (Gordan
et al., 1992). The authors conclude that on the basis of
information obtained thus far, a water quality standard
for the protection of scallop stocks will probably be less
than 5 mg/l (ppm) for fine drilling wastes in the BBL.
Recent studies of fine drilling waste particulates on
the Scotian Shelf in Canada have shown that transient
retention of drilling wastes in the BBL can develop
over periods that are ecologically significant and that
they may remain suspended in the BBL and be detect-
able several kilometers from the discharge point
(Muschenheim et al., 1995; Muschenheim and Milligan,
1996).
In another study, Georges Bank sea scallops (Placo-

pecten magellanicus) were exposed for two months to
undiluted mineral oil-based drilling mud (OBM) cut-
tings from two drilling platform sources Alma F-67 well
on the Scotian shelf off Nova Scotia and Terra Nova E-
79 well on the Grand Banks off Newfoundland (Cran-
ford and Gordon, 1991). Chronic mortality increased
from 12.5% in controls to 32% in scallops exposed to
Alma-cuttings scallops, and 37.5% in scallops exposed
to Terra Nova-cuttings. In surviving animals, cessation
of reproductive and somatic tissue growth was observed
along with decreased body component condition indices
and failure of lipid reserve accumulation. This research
thus raised concerns regarding chronic impacts of ‘‘low
toxicity’’ mineral OBM in the immediate vicinity of
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drilling platforms including mortality, growth and re-
productive effects (Cranford and Gordon, 1991). The
authors recognized the limitations of their labora-
tory exposures in representing actual field exposure
conditions, and noted that development of a high-
energy exposure protocol to provide more ecologically
relevant sedimentary and current conditions was under
way.
In an important series of major field studies of

macrozoobenthic species exposed to discharges of oil-
based cutting muds (OBM), water-based cutting muds
(WBM) and ester-based cutting muds (EBM) in the
North Sea, significant effects of both OBM and EBM on
macrobenthos species abundance were observed up to
500 m or even 1000 m away from the drilling platform
sources (Daan et al., 1990, 1994, 1995, 1996; Daan and
Mulder, 1994). Of particular interest was the lack of
significant WBM effects on the 15 species of macro-
benthos that showed reduced abundance near OBM
discharge sites (Daan et al., 1994). A similar reduction
in species abundance was found for EBM exposed
macrobenthos with some 12 species showing altered
abundance. Of these, one species, the opportunist
polychaete Capitella capitata, showed increased abun-
dance near both OBM (Daan et al., 1994) and EBM
sites (Daan et al., 1996) while all other indicator species
were reduced near OBM and EBM sources. The authors
noted the striking qualitative similarity between initial
effects related to exposure to OBM cutting discharges
and those resulting from exposure to EBM discharges.
In particular, the abundances of the large individuals of
the echinoderm Echinocardium cordatum and its symbi-
ont, the bivalve mollusc Montacuta ferruginosa were
reduced at the greatest distances from both OBM and
EBM cutting sources. Stress is thought to relate to or-
ganic enrichment with a reduction in the available ox-
ygen in the sediment due to changes in both the physical
and chemical properties of the sediment. Increased ox-
ygen consumption as a result of degradation is hy-
pothesized as the most plausible explanation for EBM
cutting discharges (Daan et al., 1996). The estimated
decay rate of the drilling mud esters indicated a mean
half-life of 133 days with a lower confidence limit of 68
days.
Losses of low toxicity OBMs were recently estimated

to be 1297, 44 and 160 tonnes for the North Rankin A
platform, Wanaea-6 well and Lynx-1A well on Austra-
lia’s NorthWest shelf, respectively (Oliver and Fisher,
1999). Analysis of species richness and abundance data
indicated that in the case of the North Rankin A plat-
form, major acute effects occurred up to 400 m from
discharge and that background was attained from 3000
to 5000 m though the natural variability and poor
sampling design made lower level effect determination
somewhat uncertain. Analysis of the sediments and
biota at the Wanaea-3 well three years after completion

of drilling with water-based mud (WBM) demonstrated
that the effects of drilling could still be detected. Ele-
vated levels of barium could be measured up to 200 m
from the well head in all directions while lead was ele-
vated up to 100 m in the direction of the prevailing
current. Species richness was lowest at the 5 m site from
the well head relative to all other stations sampled three
years after completion of drilling at Wanaea-6, biolog-
ical effects appear to be limited to within 100 m of the
cuttings discharge point with background levels of total
petroleum hydrocarbons (TPH) and trace metals oc-
curring near 1200 m in the direction of the prevailing
current (Oliver and Fisher, 1999).
The toxicity of water-based drilling muds (WBM)

collected from an active platform off southern California
to red abalone (H. rufescens) and brown cup corals
(Paracyathus stearnsii) was assessed in the laboratory
(Raimondi et al., 1997). This research indicated that
even low-toxicity water-based drilling muds might con-
tribute to significant impacts on important processes
such as larval settlement in the case of abalone. They
also found that WBMs may have direct effects on sessile
adult organisms typical of hard-bottom communities as
indicated by the adult mortality, proportion of individ-
uals showing tissue loss, and reduced relative viability
observed in brown cup corals (Raimondi et al., 1997).
Their use of environmentally realistic test concentra-
tions (range 0.002–200 mg/l) indicated that the effects
found in the laboratory were of the same magnitude as
those likely to occur in the field.
An excellent chronic concentration-response study

using winter flounder (Pleuronectes americanus) exposed
for 80 days to sediments enriched in aliphatic hydro-
carbons from oil-base drill cuttings investigated physi-
ological (condition indices and energy reserves),
biochemical (mixed-function oxygenases (MFO)) and
cellular (blood disorders and histopathology) biomar-
kers of effect (Payne et al., 1995). With the exception of a
slight MFO inhibition at the highest tested concentra-
tion (1500 ppm TPH), there was no evidence of a con-
centration-response and most indices remained
unaffected. These results thus failed to reject the null
hypothesis that there were no effects of the aliphatic
components of complex hydrocarbon mixtures such as
OBMs on winter flounder, a surrogate for bottom-
dwelling fish. It should be noted, however, that winter
flounder do not feed in the winter and thus were not fed
during this experiment. Thus, these results pertain only
to water-borne contaminants and not to potential up-
take through food.
In a flawed and limited study of growth rate of the

mud minnow Fundulus grandis exposed to mineral oil-
based and synthetic liquid-based drilling muds, growth
rates over 30 days were not significantly different be-
tween treatments (Jones et al., 1991). There was some
confounding mortality due to water quality problems as
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well as poor growth rates in the controls, however, the
results are of limited value.

4. Crude oils

There is a very large but somewhat uneven literature
that looks at the effects of crude oil on marine organisms
and ecosystems. The vast majority of information looks
at the effects on fish followed by marine invertebrate
impacts. This review will only look at the most recent
literature and the reader is directed to a number of
various reviews in this specific area (e.g., Volkman et al.,
1994; NRC, 1985).

4.1. Acute toxicity of crude oils

There are a number of recent studies which have in-
vestigated the acute toxicity of crude oil to aquatic or-
ganisms (Table 5). While many of these acute toxicity
studies use the static-replacement bioassay approach
(Gulec et al., 1997/1998; Gulec and Holdway, 1999,
2000; Mitchell and Holdway, 2000; Fucik et al., 1995),
the study by Moles (1998) provides acute toxicity in-
formation based on flow-through test conditions. TPH
concentrations varied somewhat for each water accom-
modated fraction (WAF) or water-soluble fraction
(WSF). However, the overall acute toxicity between
aquatic organisms generally only varied by about a
factor of 5 from around 0.5 to 5 ppm TPH (Table 5). In
terms of percentage WAF, this relates to somewhere
between 20% and 100%.
It must be borne in mind that the method of pro-

ducing WAF or WSF will influence the actual TPH and
PAH concentrations of the stock test solutions. This
can make direct comparisons of the literature values
somewhat problematic, especially when combined with
the different specific chemical composition of each crude
oil.
Freshwater invertebrates were only slightly more

sensitive than marine invertebrates (Mitchell and
Holdway, 2000). Fish tend to be similar or slightly less
sensitive to crude oil than invertebrates (Gulec and
Holdway, 2000; Moles, 1998; Fucik et al., 1995). It is
hard to generalize about the toxicity of dispersed oil
since the type of dispersant can also affect the acute
toxicity of the resultant WAF. The main aspect is that
greater amounts of TPH are put into the water column
thus causing greater acute toxicity to marine organisms.
The relative toxicity in terms of actual TPH and PAH
concentrations appears to be only slightly to moderately
more toxic, depending on the dispersant type used
(Mitchell and Holdway, 2000; Gulec et al., 1997/1998;
Gulec and Holdway, 1999, 2000).

The acute toxicity of burned oil WAF was found to
be significantly lower than for WAF or dispersed oil
to both marine snails (P. conicus) and amphipods (All-
orchestes compressa) compared to crude oil WAF and
dispersed crude oil (Gulec and Holdway, 1999). Burned
oil residue mixture was not acutely toxic to the same
species of amphipod and was only of very low toxicity to
marine snail behavior following acute exposure.

4.2. Chronic toxicity of crude oils

There is an increasing number of studies of the sub-
lethal and chronic effects of crude oil on aquatic or-
ganisms. This is because it is still uncertain whether
long-term impacts of oil spills are a serious environ-
mental hazard. Following the Exxon Valdez spill of 1989
and other recent large-scale and high profile spills, and
the subsequent political and social concern, a great deal
of research has been directed towards understanding the
long-term impacts on marine environments of exposure
to crude oil (Botello et al., 1997; Burns et al., 1993;
Lavering, 1994; Lee and Page, 1997; Lissner et al., 1991;
Moore et al., 1997; Price, 1998; SEEEC, 1997; Silva
et al., 1997; Suchanek, 1993).
Potential long-term effects on specific ecosystems

such as the Great Barrier Reef (Craik, 1991, Flood,
1992), the North Sea (Ferm, 1996; Gray et al., 1999;
McIntyre and Turnbull, 1992) or the Gulf of Mexico
(Kennicutt et al., 1996a,b) are of concern and explora-
tion, drilling and transport activities in these areas are
being monitored and managed.
Much of this research has been directed towards in-

vestigating the sub-lethal reproductive effects of crude
oil exposure to commercial species of fish including
herring and salmon. This section will review some of the
most recent studies of chronic toxicity of crude oil and
its constituents to aquatic organisms.
A number of studies have found contaminated sedi-

ments, fish and invertebrates following an oil spill or
long-term chronic exposure to:

• crude oil (Alvarez Pineiro et al., 1996; Awad, 1995;
Boehm et al., 1995; Burns and Knap, 1989; Boeer,
1996; CSIRO, 1996; Fayad et al., 1996; Gajbhiye
et al., 1995; Gold-Bouchot et al., 1997; Sen Gupta
et al., 1995; Irvine et al., 1999; Khan et al., 1995;
Law et al., 1997; Massoud et al., 1998; Mille et al.,
1998; Mohan and Prakash, 1998; Neff and Stubble-
field, 1995; Nicodem et al., 1997; O’Clair et al.,
1996; Sauer et al., 1998; Shang et al., 1997; Short
and Harris, 1996a,b; Shriadah, 1998; Venkateswaran
and Tanaka, 1995)

or
• PAHs (Anon., 1997; Hellou and Warren, 1997; Kan-
ga et al., 1997; Kayal and Connell, 1995; Pereira
et al., 1996).
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Table 5

Acute toxicity of crude oil to aquatic organisms

Organism tested Crude oil Test conditions EC/LC50 (SE unless

indicated otherwise)

Reference

Marine amphipod

(Allorchestes compressa)

Bass Strait crude oil WAF

(�9 ppm TPH)
96 h 60% static

replacement

31.1% (0.576) Gulec et al.

(1997/1998)

Marine amphipod

(Allorchestes compressa)

Dispersed Bass Strait crude oil

(100 ppm dispersed oil contains

�7 ppm TPH)

96 h 60% static

replacement

Corexit 9527: 16.2

ppm (2.8)

Gulec et al.

(1997/1998)

Corexit 9500: 14.8

ppm (0.8)

Marine amphipod

(Allorchestes compressa)

Burned Bass Strait crude oil

(burned oil WAF contained

�1.5 ppm TPH)

96 h 60% static

replacement

Burned oil WAF: 80%

(4.1)

Gulec and

Holdway (1999)

Burned oil residue:

>100% (–)

Marine snail

(Polinices conicus)

Bass Strait crude oil WAF

(�9 ppm TPH)
30 min burying

behavior

19.0% (0.560) Gulec et al.

(1997/1998)

Marine snail

(Polinices conicus)

Dispersed Bass Strait crude oil

(100 ppm dispersed oil contains

�7 ppm TPH)

30 min burying

behavior

Corexit 9527: 65.4

ppm (2.0)

Gulec et al.

(1997/1998)

Corexit 9500: 56.3

ppm (1.9)

Marine snail

(Polinices conicus)

Burned Bass Strait crude oil

(burned oil WAF contained

�1.5 ppm TPH)

30 min burying

behavior

Burned oil WAF: no

effects

Gulec and

Holdway (1999)

Burned oil residue:

no effects

Ghost shrimp

(Palaemon serenus)

Bass Strait crude oil WAF

(�9 ppm TPH)
96 h 50% static

replacement

25.8% (1.30) Gulec and

Holdway (2000)

Ghost shrimp

(Palaemon serenus)

Dispersed Bass Strait crude oil

(100 ppm dispersed oil contains

�7 ppm TPH)

96 h 50% static

replacement

Corexit 9527: 8.1

ppm (0.3)

Gulec and

Holdway (2000)

Corexit 9500: 3.6

ppm (0.3)

Larval Australian bass

(Macquaria novemaculeata)

Bass Strait crude oil WAF

(�9 ppm TPH)
96 h 50% static

replacement

46.5% (1.60) Gulec and

Holdway (2000)

Larval Australian bass

(Macquaria novemaculeata)

Dispersed Bass Strait crude oil

(100 ppm dispersed oil contains

�7 ppm TPH)

96 h 50% static

replacement

Corexit 9527: 28.5

ppm (1.4)

Gulec and

Holdway (2000)

Corexit 9500: 14.1

ppm (2.6)

Green hydra

(Hydra viridissima)

Bass Strait crude oil WAF

(�1 ppm TPH stock solution)
96 h 100% static

replacement

(freshwater)

0.7 ppm (0.1) Mitchell and

Holdway (2000)

Green hydra

(Hydra viridissima)

Dispersed Bass Strait crude oil

(20 ppm TPD Corexit 9527,

100 ppm TPH Corexit 9500)

96 h 100% static

replacement

(freshwater)

Corexit 9527: 9.0

ppm (0.5)

Mitchell and

Holdway (2000)

Corexit 9500: 7.2

ppm (0.1)

Pink salmon

(Oncorhynchus gorbuscha)

Cook Inlet Alaska crude oil WSF 96 h flow-through 1.2 ppm (0.2 CL)

total aromatic

hydrocarbons

Moles (1998)

Starry flounder

(Platichthys stellatus)

Cook Inlet Alaska crude oil WSF 96 h flow-through 1.8 ppm (0.2 CL)

total aromatic

hydrocarbons

Moles (1998)

Amphipod

(Boeckosimus hypsinotus)

Cook Inlet Alaska crude oil WSF 96 h flow-through >1.9 ppm total

aromatic hydrocarbons

Moles (1998)

Coonstripe shrimp

(Pandalus hypsinotus)

Cook Inlet Alaska crude oil WSF 96 h flow-through 1.4 ppm (0.2 CL)

total aromatic

hydrocarbons

Moles (1998)

King crab

(Paralithodes camtschaticus)

Cook Inlet Alaska crude oil WSF 96 h flow-through 1.5 ppm (0.3 CL)

total aromatic

hydrocarbons

Moles (1998)

Shore crab

(Hemigrapsus nudus)

Cook Inlet Alaska crude oil WSF 96 h flow-through >3.0 ppm total

aromatic hydrocarbons

Moles (1998)

Ocher starfish

(Evasterias troschelii)

Cook Inlet Alaska crude oil WSF 96 h flow-through >1.3 ppm total
aromatic hydrocarbons

Moles (1998)

Pink scallop

(Chlamys hericus)

Cook Inlet Alaska crude oil WSF 96 h flow-through 2.0 ppm (0.3 CL) total

aromatic hydrocarbons

Moles (1998)

File periwinkle

(Nucella lima)

Cook Inlet Alaska crude oil WSF 96 h flow-through >3.0 ppm total aromatic

hydrocarbons

Moles (1998)

(continued on next page)
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A variety of effects have been reported as a conse-
quence of chronic oil exposure including:

• behavioral (Gulec and Holdway, 1999; Gulec et al.,
1997/1998; Mackey and Hodgkinson, 1996; Moles
et al., 1994; Temara et al., 1999; Wertheimer and Cel-
ewycz, 1996),

• suppressed growth (Al-Yakoob et al., 1996; Gunder-
sen et al., 1996; Mitchell and Holdway, 2000; Moles
and Norcross, 1998),

• induced or inhibited enzyme systems and other molecu-
lar effects (Anderson et al., 1999; Diaz-Mendez et al.,

1998; Gagnon and Holdway, 1999a,b; Gagnon and
Holdway, 2000; George et al., 1994, 1995; Marty
et al., 1997b; Readman et al., 1996; Stagg et al.,
1995; Wheelock et al., 1999; Woodin et al., 1997),

• physiological responses (Alkindi et al., 1996; Antrim
et al., 1995; Middaugh et al., 1998),

• reproductive (Beckman et al., 1995),
• reduced immunity to disease and parasites (Moles,
1999; Moles and Norcross, 1998),

• histopathological lesions and other cellular effects
(Khan, 1995, 1998; Kocan et al., 1996; Marty et al.,
1997a, 1999; Mortensen and Carls, 1994),

Table 5 (continued)

Organism tested Crude oil Test conditions EC/LC50 (SE unless

indicated otherwise)

Reference

Blue mussel

(Mytilus trossulus)

Cook Inlet Alaska crude oil WSF 96 h flow-through >3.0 ppm total
aromatic hydrocarbons

Moles

(1998)

Blue crab

(Callinectes sapidus)

Western Gulf of Mexico Oil WAF 96 h flow-through >100% (36% mortality

in 100% WAF

concentration)

Fucik et al.

(1995)

White shrimp

(Penaeus setiferus)

Western Gulf of Mexico Oil WAF 96 h flow-through >100% Fucik et al.

(1995)

Brown shrimp

(Penaeus aztecus)

Western Gulf of Mexico Oil WAF 96 h flow-through 59.9% Fucik et al.

(1995)

Blue crab

(Callinectes sapidus)

Central Gulf of Mexico Oil WAF 96 h flow-through 70.7% Fucik et al.

(1995)

White shrimp

(Penaeus setiferus)

Central Gulf of Mexico Oil WAF 96 h flow-through 30.2% Fucik et al.

(1995)

Eastern oyster

(Crassostrea virginica)

Dispersed Western Gulf of Mexico

Oil WAF

96 h static Corexit 9527 11.2 ppm (7.9–13.9 CL) Fucik et al.

(1995)

Eastern oyster

(Crassostrea virginica)

Dispersed Central Gulf of Mexico

Oil WAF

96 h static Corexit 9527 1.8 ppm (3.3–15.8 CL) Fucik et al.

(1995)

Inland silverside

(Menidia beryllina)

Western Gulf of Mexico Oil WAF 96 h flow-through 66.4% Fucik et al.

(1995)

Atlantic menhaden

(Brevoortia tyrannus)

Western Gulf of Mexico Oil WAF 48 h static 64.1% Fucik et al.

(1995)

Red drum

(Sciaenops ocellatus)

Western Gulf of Mexico Oil WAF 48 h static >100% Fucik et al.

(1995)

Spot

(Leiostomus xanthurus)

Western Gulf of Mexico Oil WAF 48 h static >100% Fucik et al.

(1995)

Inland silverside

(Menidia beryllina)

Central Gulf of Mexico Oil WAF 96 h flow-through 59.1% Fucik et al.

(1995)

Atlantic menhaden

(Brevoortia tyrannus)

Central Gulf of Mexico Oil WAF 48 h static 42.1% Fucik et al.

(1995)

Red drum

(Sciaenops ocellatus)

Central Gulf of Mexico Oil WAF 48 h static 74.0% Fucik et al.

(1995)

Spot

(Leiostomus xanthurus)

Central Gulf of Mexico Oil WAF 48 h static 70.7% Fucik et al.

(1995)

Blue crab

(Callinectes sapidus)

Dispersed Western Gulf of Mexico

Oil WAF

96 h flow-through

Corexit 9527

90.8 ppm Fucik et al.

(1995)

White shrimp

(Penaeus setiferus)

Dispersed Western Gulf of Mexico

Oil WAF

96 h flow-through

Corexit 9527

18.6 ppm Fucik et al.

(1995)

Brown shrimp

(Penaeus aztecus)

Dispersed Western Gulf of Mexico

Oil WAF

96 h flow-through

Corexit 9527

52.7 ppm Fucik et al.

(1995)

Blue crab

(Callinectes sapidus)

Dispersed Central Gulf of Mexico

Oil WAF

96 h flow-through

Corexit 9527

19.8 ppm Fucik et al.

(1995)

White shrimp

(Penaeus setiferus)

Dispersed Central Gulf of Mexico

Oil WAF

96 h flow-through

Corexit 9527

13.8 ppm Fucik et al.

(1995)

Pink salmon

(Oncorhynchus gorbusca)

Alaskan North Slope crude oil WSF 96 h flow-through 1.0, 2.2 and 2.8 ppm

for 1992, 1990 and 1991

juveniles, respectively

Birtwell et al.

(1999)
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• tainted flesh (Goodlad, 1996),
• chronic mortality (Birtwell et al., 1999; Crump and
Emson, 1998; Ewa-Oboho and Abby-Kalio, 1994; Fu-
cik et al., 1995; Garrity et al., 1994; Moles, 1998), and

• reptile, bird and mammal impacts including the effects
of physical cleaning of oil (Attias et al., 1995; Conroy
et al., 1997; Custer et al., 1994; CSIRO, 1999; Duffy
et al., 1994; Feuston et al., 1997; Fowler et al., 1995;
Hartung, 1995; Jenssen, 1996; Khan et al., 1996; Lips-
comb et al., 1996;Mitchell, 1999; Schmidt, 1997; Stub-
blefield et al., 1995; Vasquez et al., 1997; Wiens, 1996).

Middaugh et al. (1996) conducted a series of toxicity/
teratogenicity tests on neutral fraction hydrocarbons
recovered from sterile and biodegraded systems treated
with weathered Alaska North Slope crude oil (ANS
521). Embryonic inland silversides (Menidia beryllina)
exposed to hydrocarbons from the sterile systems did
not have significant teratogenic responses at concentra-
tions of 1%, 10%, and 100% (w/v) of WSFs.
Silverside heartbeat was significantly lowered in days 5

and 6 of embryogenesis at the 100% sterile system WAF.
TheWSF recovered from the 2- and 14-day stirred sterile
systems was 0.65 and 0.69 mg/l, respectively. In contrast,
14 days of biodegradation resulted in 7.5 mg/l of neutral
fraction hydrocarbons in 100% WAF and teratogenic
responses were found in embryonic inland silversides
exposed to 1%, 10% and 100% WSF from the biode-
graded system. Heart contraction rates were reduced on
days 2–6 of embyogenesis at the 100% WSF concentra-
tion compared to controls (Middaugh et al., 1996).
The 1% biodegraded WSF thus corresponded to a

concentration of only 0.075 mg/l of neutral fraction
hydrocarbons which caused significant teratogenic ef-
fects in inland silverside. The authors conclude from
their results and those of earlier studies that several
mechanisms may be involved in the toxicity of crude oil
to embryonic, larval and adult fishes.
The proposedmechanisms (Middaugh et al., 1996) are:

• ovarian toxicity from direct uptake and sequestering
in ovary of low molecular weight WSF;

• embryonic toxicity or teratogenic effects from direct
contact with oil;

• increases in WSF from use of dispersants;
• increases in the WSF of higher molecular weight neu-
tral oil fractions through biodegradation and bio-
emulsification of weathered crude oil;

• bioaccumulation in larval fishes of WSF through pre-
dation on contaminated invertebrate zooplankters;

• bioaccumulation of oil in larval and juvenile fish
through direct dermal contact, uptake of WSF from
water or by direct ingestion.

One study, however, indicated that oil exposure from
theExxon Valdez oil spill ofMarch 1989 posed only a low

level of risk to pink salmon (Oncorhynchus gorbuscha) in
Prince William Sound as a consequence of: low concen-
trations of petroleum that actually entered the water
column; the limited number of streams actually oiled; and
the flushing of the intertidal incubation areas of those
streams (Brannon andMaki, 1996). There is also evidence
that in areas of natural oil seepage, oil in seawater is not
necessarily bad for the environment (Schneider, 1995).

5. Other effects

There are a variety of other effects that have been
reported in relation to offshore oil and gas production
on both temperate and tropical marine ecological pro-
cesses. One major area of potential impact is from the
metals, which are associated with the drilling muds (see
Section 3). There is a whole literature associated with
the impact of metals on marine organisms and the
reader is directed to this as this exceeds the scope of this
review. Recent studies have confirmed that metals can
be an important issue of environmental concern owing
their presence in crude oil (Dekkers and Daane, 1999)
and in marine sediments around oil and gas production
facilities (Kennicutt et al., 1996a,b). Their ability to
bioaccumulate in tissues and in some cases, biomagnify
up food webs makes them potential contaminants of
significance (Al-Muzaini and Jacob, 1996; Anderson
et al., 1997; Daffa, 1996; Gulec, 1994; Plasman, 1998).
Sediment contamination levels appear to correlate well
with reduced diversity and increased toxicity to aquatic
organisms (Gulec, 1994; Hartwell et al., 1998).
One metal that appears to often be elevated around

drilling platforms is barium (Ba), where residual excess
Ba has been reported up to an order of magnitude above
background within 500 m of offshore oil and gas plat-
forms in the Santa Marie Basin, CA, USA (Phillips et al.,
1998). Sediment increases in Ba represented 6–11% of
the total Ba discharged during the two drilling periods
included in the analysis and the elevated levels were
likely associated with cutting particles (rock chippings)
deposited near the base of the platforms (Phillips et al.,
1998). Barite (BaSO4) is a naturally occurring dense
mineral and is a major component of almost all drilling
muds (see Section 3). Barium concentrations in the
sediment have thus been frequently used as a tracer to
monitor offshore oil and gas discharges (Hartley, 1996;
Phillips et al., 1998). Recent work has shown that cau-
tion needs to be used in this application owing to the
large variations (2–3 orders of magnitude) in measured
Ba concentrations possible depending on the extraction
method used (Hartley, 1996).
Another aspect associated with offshore oil and gas

production is the initial offshore seismic exploration that
precedes development and the potential impacts of such
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activities on marine ecosystems. Although this area of
research is outside of the scope of this review, there is a
significant literature in the area, and recent studies have
focussed on biochemical responses to stress induced by
such seismic prospecting using air gun acoustic waves
(Santulli et al., 1999). With respect to European sea bass
(Dicentrarchus labrax L.), the effects were transitory in
nature and there was a rapid (<72 h) recovery of ho-
meostasis after acoustic stress with no observed mor-
tality (Santulli et al., 1999).

6. Suspected but unconfirmed impacts on tropical and

temperate marine systems and further studies required to

clarify those impacts

One area where further research is required involves
the potential impacts of PFW on early development
stages of marine invertebrates including the critical
processes of metamorphosis and settling behavior. One
of the most intriguing possibilities raised by this review
is the hypothesis of Krause et al. (1992) that all of the
observed PFW effects could be mediated through a
single unifying toxicological mechanism involving mi-
crotubule-mediated effects. It is rare in applied science
such as ecotoxicology for such unifying theories to be
proposed although some progress has been made in the
study of quantitative structure activity relationships
(QSAR) of chemicals involving like modes of action.
Designing experiments to critically test this proposed

unifying hypothesis would appear to be a very useful
and specific area of future research to pursue.
Other areas requiring further research include the

study of the ecological significance of PFW effects on
zooplankton in the surfacemicrolayer, particularly effects
on embryo and larval fish survival. Equally of interest,
but in the completely opposite physical direction, are the
effects of suspended drilling fluid particles in the BBL, a
region of dynamic energy inmany parts of the world. This
review indicated that long-term impacts might be occur-
ring in both of these zones but that studies to date were
limited in their scale and their conclusions were uncer-
tain relative to their environmental significance.
Other areas of potential impacts of offshore oil and

gas production wastes include long-term impacts on
marine populations as a consequence of low-level but
chronic exposure to petroleum hydrocarbons, drilling
fluids, metals and other chemicals associated with the
industrial activity.
Generally, the temporal and spatial scales of these

studies, along with the large levels of inherent variation
in natural environments, have precluded our ability
to predict the potential long-term environmental im-
pacts of the offshore oil and gas production industry. A
series of critical questions regarding the environmental

effects of the offshore oil and gas production industry
still remain unanswered and are listed below:

• What impact do the relatively short-term activities of
the offshore oil and gas production industry have on
the long-term sustainability of the marine environ-
ment?

• Are the impacts on the structure and density of ben-
thic communities observed in the immediate vicinity
of many oil and gas platforms of any significance to
the long-term productivity and community diversity
of the marine ecosystems involved?

• What are the impacts 10, 20 and 30 years following
the commencement of oil and gas production?

• What are the impacts 10, 20 and 30 years following
the cessation of oil and gas production?

• What is the potential of oil and gas production wastes
to be causing unknown effects as a consequence of de-
layed toxicity mechanisms such as endocrine disrup-
tion or the slow increase in background toxic metals?

• Can biomarkers of exposure and effects be used to
monitor for significant short-term and long-term im-
pacts of oil and gas production wastes?

• What are the relative risks of environmental impact
from the oil and gas production industry compared
to other important threats to marine ecosystems?

Such threats would include introduced alien species,
altered marine habitat (e.g., loss of sea grass beds,
dredging, coastal development), and the overall increase
in the loading of various urban wastes from non-discrete
sources as a consequence of rapidly increasing popula-
tion?
With global scale challenges such as climate change,

ozone depletion, resource depletion and long-range
transport of persistent atmospheric pollutants, deter-
mining the long-term environmental significance of ac-
tivities such as oil and gas production in isolation, and
without ensuring appropriate temporal and spatial
scales, is extremely challenging if not impossible. The
main areas of research required appear to involve high
quality long-term studies of chronic impacts on whole
populations, communities and even ecosystems. Use of
properly designed monitoring programs and appropri-
ate statistical analyses can assist in answering many of
these questions, provided that the studies are designed
around the questions to be asked and not the other way
around. Often this requires the long-term commitment
of resources on a temporal scale rarely achieved by in-
dustry or governments whose goals and objectives are
generally of a much shorter time frame.
Thus, committing funds for ecological process studies

to be undertaken over 10–20 years is a very difficult task.
However, without this type of approach, many of the
most important questions regarding the long-term en-
vironmental sustainability of the industry can simply not
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be addressed with any confidence. Although much value
can be obtained from a variety of short-term experi-
ments, it is generally not possible in the laboratory to
investigate and understand the responses of whole eco-
systems over the actual time and spatial scales involved.
Reductionism will never fully describe complex biolog-
ical ecosystems because the whole always exceeds the
sum of the individual parts. It is thus essential that more
holistic research paradigms be employed to understand
ecosystem impacts.
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Abstract 

Road-kill can lead to a sharp local decline of herpetofauna species. For this reason, transportation agencies are more 
and more interested to implement mitigation measures in order to eliminate this threat. The present study proposes to 
identify the railroad network induced threats at a railroad segment spatial scale on Getic Tableland, south-western 
Romania, by highlighting associated mortality hot spots for Testudo hermanni boettgeri. The railroad segment was 
chosen due to the reported road-kills and high traffic volume. In order to identify road associated mortality hot spots, 
we adapted a gravity model by including a weighting coefficient for overtaking obstacles. The model was adapted 
after observing that the cuts, fills, ditches and guardrails can change the tortoises behavior, making them avoid 
dangerous crossings, thus influencing the distribution of hot spots. As a main result, our study managed to adapt a 
gravity model for a more accurate assessment of railroad associated mortality. The average value of inter-habitat 
interaction is reduced by 23.37% after introducing the coefficient of overtaking the obstacles. However, despite the 
numerous obstacles, at a home range spatial scale, the maximum inter-habitat interaction value is not decreased, the 
range being stable (range = 0 - 99.66). Instead, the spatial extent of the hot spots is modified because of the increased 
territorial dependence and home range multi-annual stability, both severely threatening the tortoise that have a home 
range bisected by a major railroad. Our study accurately identifies the hot spots, which is particularly important in 
planning mitigation efforts, for building effective underpasses and fences systems. 
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1. Introduction 

Although at the European level the  tortoises (Testudo hermanni) are considered near 
threatened species, habitat loss, road-kill, illegal trade, and diseases can turn them into vulnerable ones 
[1]. Road mortality threat is becoming more and more obvious due to urbanization and infrastructure 
development all over Europe [2]. Testudo hermanni boettgeri or Eastern  tortoise is a strictly 
protected species and in Romania occurs only in the south-western part of the country [3]. A large part of 
the Romanian range is protected by European Natura 2000 sites [4]. The average road network density 
inside its range is 1.17 km/km2 (SD = 1.24, range = 0 - 9.28) probably isolating new subpopulations 
which are more or less viable and, individually, are exposed to more violent threats [5]. 

Road ecology studies have focused not only on large mammals [6, 7] but also on herpetofauna [5, 8] 
[9]. There are two situations in which the road network causes the decline of different amphibians and 
reptiles species [10]: through road kill if roads can be crossed [9] and by habitat isolation if roads are 
impassable barriers [11, 12].  

Methods for assessing road mortality hot spots are mainly based on landscape resistance models [13] 
or logistic regression models [9]. Although less used, spatial interaction models, such as gravity models, 
can predict the relative road associated mortality of different species [14]. Gravity models [GM] are 
flexible models which asses the spatial interactions between different points [15, 16, 17] and have been 
used in a wide variety of studies such us trade studies [18], epidemiology and invasive species dispersal 
[19, 20]. Only recently they were used to estimate the relative frequency of turtles movements between 
points located on opposite sides of the road [14]. The many cases of reported road-kill suggest that 
railroads are not impassable barriers for herpetofauna [11, 21], however the complete absence of tortoises 
from attractive habitat patches (e.g., shrubs and grasslands) can be explained by the presence of other 
ecological barriers [22].  

Recent studies have shown that inter-habitat movements depend on the habitat quality and the distance 
between them [14], however, obstacles encountered by individual on his path have not been taken yet into 
consideration. Removing such a variable in the case of Eastern  tortoise, may result in 
overestimating the spatial extent of road-kill, due to biological characteristics of the species [23]. It is 
unclear how the tortoises behave depending on obstacles with different degrees of slope and depending on 
the distance from the point where the tortoise interacts with the obstacle, to the  extremities. 
Still their ability to overtake a railroad related obstacle can be estimated based on field observations and 
literature data. The introduction of a new random variable in a gravity equation was only implemented on 
a theoretical level [24, 15], and its usage in road ecology still remains a major challenge. 

At the entire population scale, road mortality is not yet considered a severe threat [25] because 
tortoises does not engage in very long seasonal movements which would expose them [26], like in the 
case of amphibians or fresh water turtles [14, 27]. Still, in a home range bisected by a major railroad, the 
tortoises are exposed to more severe threats, given the species increased territorial dependence and lack of 
adaptability when it comes to threats [28, 29].  

The aim of this study is to identify railroad-associated mortality hot spots, at a spatial scale of a 
railroad segment. Identifying the exact locations for intervention can facilitate conservation measures and 
reduce their costs. 

 
3. Methods 

1.1. Study site 

The study was conducted on a railroad segment of Bucharest-  main railroad (Romanian 
railroad code = 900), recognized for high traffic volume. The segment is approximately 7 km long, 
situated on Getic Tableland from the south-western part of Romania (Fig.1) and it crosses favourable 
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tortoises habitats, influenced by human activities such as orchards and pastures [30]. Based on spatial data 
digitized from 2005 aerial images, the road network density of the study area is up to 4.35 km/km2 (mean 
= 2.54, SD = 0.79). 

 

 

Fig. 1. Study site: a railroad segment of Bucharest-Timisoara main railroad situated on Getic Tableland, SW Romania 

Adjacent obstacles such as cuts, fills, ditches, and guardrails made mostly of concrete, are found on 
approximately 4.4 km of the studied segment (62.4%). The railroad related obstacles have different 
degrees of slope (i.e. from 40° to 90°) and average lengths of 277.6 m (SD = 154.3, range = 58 - 545). 

We analyzed the study area terrain slope and the average is 7.91° (SD = 5.19, range = 0 - 51.5) but 
after adding obstacles angles values obtained through field measurements using a raster calculator tool in 
a GIS we obtained an average slope of 8.19° (SD = 7.03, range = 0-90).  

Because the elevation data are digitized from topographic maps at a scale of 1:25 000, the details of 
topographic surface are being lost. As an example, the field next to the railroad has many places with 
slope of 50 - 60°, covered with vegetation, which can be bypassed by tortoises. However, angles over 60° 
consisting of concrete or rock are becoming impassable barriers. 

1.2. Gravity model 

We delineate seven types of habitats with different degrees of attractiveness for Eastern  
tortoise, from less attractive arable land to attractive grasslands, which offer food and shelter.  

The first step of the analysis consists in calculating the selection index or attractiveness index (Wi) for 
each of the seven habitat classes [14, 31]. 

The initial equation was simplified given the lack of habitat usage data for Eastern  tortoise.   
 Using this simplified equation (eq. 1) we arbitrary assume that an individual can use all seven types of 
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habitats in the study area. The guidance values obtained are presented in Table 1. Our purpose is to allow 
the modelling of gravity equation. 

 
Wi = ui / n

j=1 ij×uj                  (1) 
 

Where Wi is the selection index for habitat i class, ui is the total number of i class habitat patches, ij is 
the proportion of available i class habitat in the study area and uj is the total number of habitat patches 
regardless of their class, used by each individual. 

The second variable introduced in our gravity model (i.e. distance between habitat patches centres) 
was obtained using Ad XY Coordinates To Table and Convert Points To Lines commands in Geospatial 
Modelling Environment (Spatial Ecology LLC) for creating the lines between center points located on 
opposite sides of the railroad segments. 

Table 1. Guidance habitat attractiveness index for each of the seven habitat classes in the study site 

Code Description Area(ha) 
Habitat 
attractiveness (Wi) 

DECIDUOUS Large forest patches with: Quercus spp. Carpinus spp. 268.9 0.17 

GRASS Attractive patches with food resources and security: 
Arenaria ssp., Carex ssp.,  Cardamine ssp. 36.1 0.63 

MIXT Grassland with scattered trees 85.9 0.43 
ORCHARD Large patches with plum or apple trees  191.5 0.21 
PASTURE Large, open patches used for grazing 49.9 0.31 

SHRUBS Narrow patches of shrubs along the roads, paths, and forest 
edge, primarily with Prunus spinosa, Rubus ssp. 7.3 0.54 

UNATTRACTIVE Buildings. courtyards, arable land, paved roads 51 - 

 
The generated lines with lengths of over 500 m were excluded from the analysis as they exceeded 

twice the maximum of the seasonal movements recorded for Testudo hermanni boettgeri [26]. We chose 
lines smaller than twice the maximum of seasonal movements because we consider as being potentially 
dangerous to cross, both the movement from starting point to interaction point and from interaction point 
to reaching point. Therefore we arbitrary assume that the tortoises have a linear path and can cross from 
both directions equally or with the same intensity. 

At the crossing point of these lines with the railroad we created 418 interaction points.  
The obstacle angle and the distance from the interaction point to the  extremities were 

obtained from field measurements.  
In order to estimate the species ability to cross the danger zone bypassing the obstacles, we calibrate 

the GM. 
The standard equation (eq. 2) was adapted to a constrained one (eq. 3), where Tij represents inter 

habitat interaction values; k  is scalar factor; Wi, Wj represents habitat attractiveness indexes; d is the 
distance between habitat patches centres; C is a coefficient of overtaking the obstacles. The adaptation 
consisted in introducing a coefficient for overtaking the obstacles (C) as a new random variable in the 
statistical approach of formulating and calibrating the GM [15]. 

 
Tij = k×Wi×Wj / d2               (2) 
 

ij = k×Wi×Wj×C / d2                  (3) 
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C was proposed for linear weighting of inter habitat patches flows [15] which takes values between 0 
and 1 (eq. 4), where c1 and c2 are coefficients of overtaking the obstacles based on distance to the 

 extremities and angle of the obstacle. 
 

C = (c1 + c2)/ 2                                (4) 
 

This weighting coefficient is a function of distance from the interaction point to the  
extremities, and the angle of the obstacles. We assume the fact that there is a linear relation between the 
capacity of overtaking an obstacle and the two variables. 

Hence a value of 1 (i.e., no cost in overtaking an obstacle) was used for the interaction points with no 
obstacle and a value of 0 for the interaction points with complete barriers to tortoises movements.  

The functions of distance and angle (c1, c2) also take values between 0 and 1 and are mathematical 
defined as: 
c1 = 

 
c2 =  

 
 

Where lcritical  and critical  are the thresholds that force the gravity equation to 0. 
The overtaking coefficient related to the distance (eq. 5) uses the value of 100 m as a critical distance. 

The critical value was established after the results obtained in the radio telemetry studies which concerned 
the Eastern  tortoise. The average daily distance travelled, for both males and females, is 31.18 
m (SError = 1.59) (Lauren  Rozylowicz, pers. comm.). Only as an exception, a tortoise moved about 
200 m in the same direction [26]. The critical distance is the distance which is close to 0 as a probability 
to be achieved by tortoises in their attempt to overtake obstacles. 

Choosing the critical value for the angle of the obstacles is partly subjective (eq. 6), this being 
considered the weak point of the model. Although we analyzed the average slope for 740 occurrence 
points, which was 10.83° (range = 0 - 58.5), we chose the critical mostly on field practice and observations 
regarding the behavior of the tortoises. Is known that tortoises prefer the sandy soils on the highest slopes 
for laying their eggs [32] thus the critical value was fixed at 60°, over which the tortoises can't cross.  

The last step was to convert the interaction points using ArcGis Desktop 10 Geostatistical Analyst 
(ESRI, CA) into a 10 m cell size raster, using IDW with a fixed radius of 20 m, interpolating both the 
field value of Tij as well as the field value of T'ij. 

2. Results 

The presence of an obstacle in each  path decreases the relative frequency of tortoise 
movements between habitat patches on the other sides of the railroad. The average inter-habitat 

        0;               l > lcritical 

1  l / lcritical;     0 critical 

(5) 

        0;                 > critical 

1   / critical;     0  critical 

(6) 
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interaction value decrease after we entered the weighting coefficient C from 1.07 (SD = 5.38) to 0.82 (SD 
= 5.31) while the range is stable (range = 0 - 99.66). 

The weighting coefficient C has an important effect on gravity model behaviour: it modifies the 
spatial distribution of the hot spots. 

The distance from the interaction points to the extremities of the obstacles and the angle of the 
obstacles influences the capacity of the tortoises to overtake an obstacle and decreases the value of inter-
habitat interaction values, down to zero. This weighting even affect the railroad segments which cross 
clusters of attractive habitat patches like grasslands and shrubs (Fig. 2). For example, the average inter-
habitat interaction value decreased from 0.34 (SD = 0.63) to 0 for railroad segments designed with 
obstacles lengths > lcritical,  and from 0.48 (SD = 1.40) to 0 for railroad segments designed with obstacles 
slopes > critical . 

 
 

 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Spatial interaction pattern at the railroad segment spatial scale (a) and spatial expression of gravity equation without (b) and 
with (c) weighting coefficient for overtaking obstacles. In the close-up, spatial extent of the hot spots is modified from a wide 
extending of the simple gravity equation (d) to a focused extending (e) covering a transition area from grassland to shrubs and forest 

The hot spots are overlap on transition areas from grassland to shrubs and forest while cold spots are 
extended along the large forest patches or open pastures bisected by the railroad. We divided the railroad 
segment into four types of obstacles (i.e. lcritical  < 100m and critical <60°, lcritical <100m and critical >60°, 
lcritical >100m  and critical<60°, lcritical >100m  and critical>60°). We observed that there are statistically 
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significant differences of inter-habitat interactions values between them, caused by tortoises capacity to 
overtake adjacent obstacles (Kruskal Wallis 2 = 304.3, df = 3, p < 0.001).  

The inter-habitat interaction values are reduced through a linear relation by the spatial variation across 
the railroad of the distance from the interaction point up to the ends of the obstacles, and by their angle 
(Fig. 3). The low capacity of overtaking the obstacles does not reduce the maximum mortality in this 
home range, bisected by a major road, because the individuals search for water resources, food or 
territory, with the same intensity. This simply modify the spatial distribution of mortality hot spots, along 
the road segment.  

3. Discussion 

Our GM takes into account the biological characteristics of Testudo hermanni boettgeri and the 
species behaviour in its attempt to cross the railroad [23, 28].  

 

 

Fig. 3. Relationship between inter-habitat interaction values and the distance from  interaction points to obstacles extremities (upper 
row) and between inter-habitat interaction values and the obstacle slope (lower row). In the left column the gravity equation does 
not take into account the coefficient for overtaking an obstacle. The dashed lines represent critical values of the two variables 
mentioned above 
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The adapted GM limited the spatial extension of the hot spots, being closer to the field reality, 
facilitating the conservation measures. Although we speculate that at a population scale, the mortality is 
reduced by obstacles we indicated that the impossibility to overtake them does not reduce the maximum 
mortality in a home range bisected by a major road, and it only modifies the spatial distribution of the hot 
spots along the road. 

Road associated mortality (i.e. inter-habitat interaction) reached maximum values at the ends of the 
obstacles, in presence of attractive habitats on both sides of the railroad [14]. The highest interactions 
occurs where the railroad bisects fragmented patches of grassland at the forest and orchard edges where 
the tortoises finds both food and shelter [26]. 

No interaction occurs in the middle of the railroad sectors which have high concrete dams along, with 
an angle of over 60°, regardless of the habitat attractiveness. 

Predicting the occurrence of wildlife vehicle collisions modelling variables related to obstacles or 
barriers, reduces the spatial errors [7] and facilitates the conservation measures. The road mortality spatial 
patterns for herpetofauna can be detected even after one survey [14] but we consider that adding 
additional road-kill points to database is required. This being usually required for temporary patterns 
assessment [34].  

The most important limitation of our study is the use of the guidance values of the selection index for 
Eastern  tortoise. The second limitation it choosing the partly subjective critical values, for 
asses the tortoises capacity of overtaking an obstacle. There are necessary further experiments to validate 
this hypothesis. Access to movement data is required for a more precisely prediction of road associated 
mortality. 

Our study suggest that it is essential to modify the gravity equation for the railroad segments without 
an obstacle (C = 1), by including the interactions which are deviated by the obstacles, towards their ends, 
since the value of the inter-habitat interaction value can grow up to the obstacles extremities. 

Also significant for further studies is to model the attractiveness of the habitats which succeed in the 
tortoise path, from the starting point to the interaction point, as a resistance matrix [35]. Assessment of 
this succession, which can be determinant in selection of the interaction point for crossing the railroad, 
facilitates an extended road-kill analysis to population scale. The moment of the day in which the 
dangerous crossing event takes place, or the air temperature and the active surface temperature must be 
analyzed in further studies. 

The validity of spatial interaction models is critical in planning mitigation efforts. Overestimating the 
relative frequency of tortoises movements over roads leads to wasting of financial resources and 
underestimating it can cause the decline of the populations whose home range is bisected by a major road. 
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Abstract
Highways and railways are sources of road mortality that threaten wildlife populations.  They also have the potential to undermine ecological

processes through the fragmentation of wildlife populations, restriction of wildlife movements, and the disruption of gene flow and metapopulation
dynamics.  A variety of techniques have been used to mitigate the impacts of transportation systems on wildlife movements.  Factors influencing the
effectiveness of these structures include: placement, size, openness, light, moisture, hydrology, temperature, noise, human disturbance, substrates, and
the nature of the approaches and fencing systems.  Important issues and challenges include: 1) fostering greater appreciation of the problems caused by
highways and railways, 2) conducting landscape analyses to identify “connectivity zones”, 3) enlisting transportation engineers to help solve technical
problems, 4) monitoring of mitigation techniques, and 5) information sharing.  In particular it is important not just to monitor wildlife use of crossing
structures but also to develop and implement monitoring techniques that are sufficient for evaluating mitigation success.  

Impacts of Highways and Railways on Wildlife
As long linear features on the landscape, railways, roads and highways have impacts on wildlife and wildlife habitat that are disproportionate to

the area of land that they occupy.  These elements of transportation infrastructure impact wildlife in a variety of ways.  
1. Direct loss of habitat.
2. Degradation of habitat quality.  Storm water discharges, air emissions and exotic plants can degrade habitats ranging up to several hundred feet

from railways and highways.
3. Habitat fragmentation.  Railways and highways dissect contiguous habitat patches resulting in smaller patch sizes and higher edge to interior

ratios.
4. Road avoidance.  Some wildlife species avoid areas adjacent to highways due to noise and human activity associated with roads.
5. Increased human exploitation.  Roads and highways increase human access for hunting and poaching.  This may reduce wildlife populations in

areas adjacent to roads and highways and contributes to road avoidance.
6. Road mortality leading to loss of populations.
7. Reduced access to vital habitats.  Railways and highways reduce access to vital habitats for a variety of wildlife species.  Examples include:

• Summer and winter ranges for ungulates
• Access to mineral licks
• Amphibian wetland breeding sites
• Upland nesting habitat for turtles
• Snake hibernacula

8. Population fragmentation.  Railways and highways create barriers to movement that subdivide animal populations.  Smaller populations are
more vulnerable to genetic changes due to genetic drift and inbreeding depression, and extinction due to chance events.

9. Disruption of processes that maintain regional populations.  Based on metapopulation theory, regional populations may persist in the face of
local extinctions because the movement of individual animals among populations: a) supplement declining populations, b) maintain gene
exchange, and c) re-colonize habitats after local population extinctions.  By disrupting animal movements among populations, railways and
highways undermine these processes that are vital for the long-term viability of regional wildlife populations.

For additional summaries of highway and railway effects on wildlife, including effects of habitat fragmentation, see Andrews (1990), Bennett
(1991), and De Santo and Smith (1993).

Techniques for Mitigating Transportation Impacts on Wildlife Movement
Over the years a variety of techniques have been used to reduce animal-vehicle collisions and mitigate railway and highway impacts on wildlife.
Modified Drainage Culverts.  Culverts originally constructed to convey water have been modified to provide passage for wildlife.  In the

Netherlands shelves have been attached to the sides of culverts to provide dry passageways for wildlife.  Floating docks within drainage ways adjust to
changing water levels and are used to maximize clearance for wildlife passage. 

Wildlife/Drainage Culverts.  Culverts designed to convey water only intermittently can be used for passage by wildlife when the culverts are dry. 
Drainage culverts have been designed to serve a dual role for water and wildlife passage.  In some cases benches have been constructed within culverts
so that passing wildlife can avoid flowing water within the culvert.  Another, potentially more effective design involves channeling water through a
trench within the culvert allowing a wider passageway for wildlife.

Upland Culverts.  Not all species of wildlife readily use stream or river corridors for travel routes.  Upland culverts facilitate overland movement
between wetlands and uplands, uplands and uplands, and from wetlands to other wetlands.  Movements to and from wetlands are particularly
important for amphibians and turtles.  Box culverts are generally preferable over pipes.  Larger culverts will generally accommodate more species than
smaller ones.  Open-top culverts provide more light and moisture, and will be more effective for facilitating amphibian movements than standard
culverts.

Oversize Stream Culverts.  Where culverts are used to cross streams and small rivers, oversize culverts, large enough to allow for wildlife passage
may be used.  Box culverts generally provide more room for travel than large pipes.  Open bottom arches and box culverts that maintain natural
streambeds are preferred.  Efforts to provide natural substrate, including large flat rocks as cover for small animals, will likely enhance their use by
some species.  Construction of benches on one or both sides of the stream to allow dry passage during normal high water periods will also enhance
these structures.  The optimum size for these structures is not known, but generally, the larger the better.  

Expanded Bridges.  Where railways and highways cross rivers and streams, expanded bridges that provide upland travel corridors adjacent to the
waterway can provide passageways for many species of riverine wildlife, as well as other species that may utilize stream corridors for travel.  Higher
and wider bridges tend to be more successful than low bridges and culverts.  Expanded bridges are more expensive than expanded bridges, but also are
generally more effective.

Viaducts.  Viaducts are elevated bridges used to span entire valleys.  They typically provided relatively unrestricted wildlife movement across
highway and railway alignments.  For wildlife passage, viaducts are generally preferred over bridges and culverts.



Wildlife Underpasses.  Wildlife underpasses are larger than upland culverts and can provide relatively unconfined passage for some wildlife
species.  Underpasses may be either large culverts or bridges.  If appropriately sized these structures provide plenty of light and air movement, but may
be too dry for some species of amphibians.  Wildlife underpasses with open medians can provide a certain amount of intermediate habitat for small
mammals, reptiles and amphibians.  Open median designs are less confining and are generally preferred over continuous underpasses.  However, open
median designs are noisier than continuous bridges and may be less suitable for species that are sensitive to human disturbance.

Wildlife Overpasses.  Wildlife overpasses have been constructed in a number of European countries but have been rarely used in North America. 
The most effective overpasses range in width from 50 m on each end narrowing to 8-35 m in the center to structures 200 m wide.  Soil on these
overpasses, ranging in depth from 0.5 to 2 m, allows for the growth of herbaceous vegetation, shrubs and small trees.  Some contain small ponds fed by
rain water.  Wildlife overpasses appear to accommodate more species of wildlife than do underpasses.  Primary advantages over underpasses are that
they are less confining, quieter, maintain ambient conditions of rainfall, temperature and light, and can serve both as passage ways for wildlife and
intermediate habitat for small animals such as reptiles, amphibians and small mammals.

Fencing.  Fencing for large and medium-sized mammals are required for underpass and overpass systems to be effective.  Standard fencing may
not be effective for some species (black bears, coyotes), but manipulations of wildlife trails and vegetation can also be used to guide animals to passage
ways and learning may enhance their effectiveness for these species over time.  Fencing for large mammals may also include one-way gates or other
structures to prevent animals that get onto roadways from being trapped between fences on both sides of the road.  Fencing for small mammals, reptiles
and amphibians must be specifically designed to prevent animals climbing over and through, or tunneling under the fencing.  Short retaining walls can
provide relatively maintenance-free barriers for reptiles, amphibians and small mammals.

Evaluations of wildlife crossing structures indicate the need for careful design and placement, and that effectiveness is dependent on a variety of
variables, including: size and openness (Reed et al. 1975, Reed 1981, Hunt et al. 1987, Dexel 1989, Foster and Humphrey 1995, Yanes et al. 1995,
Rodriguez et al. 1996, Rosell et al. 1997), placement (Singer and Doherty 1985, Podloucky 1989, Beier 1995, Paquet and Callaghan 1996, Roof
and Wooding 1996, Rosell et al. 1997), noise levels (Singer and Doherty 1985, Pedevillano and Wright 1987, Beier 1995, , Foster and Humphrey
1995, Santolini et al. 1997), human disturbance (Clevenger 1998) substrate (Mansergh and Scotts 1989, Yanes et al. 1995, Linden 1997, Rosell et
al. 1997), vegetative cover (Hunt et al. 1987, Pedevillano and Wright 1987, Beier 1995, Rodriguez et al. 1996, Rosell et al. 1997, Santolini et al.
1997), moisture (Brehm 1989, Jackson 1996), hydrology (Jackson and Tyning 1989, Janssen et al. 1997, Rosell et al. 1997, Santolini et al. 1997),
temperature (Langton 1989) and light (Krikowski 1989, Beier 1993, Jackson 1996).

Many mitigation projects are primarily designed to facilitate movements of a single species or small groups of similar species.  Some attempts to
construct wildlife passage systems for a broad range of species are being tried in Europe and Canada (Banff National Park).  Viaducts and large
overpass systems for wildlife appear to the most effective designs for accommodating the needs of a broad range of wildlife species.

Current and Future Issues and Challenges
Much progress has been made in the past several years in understanding the impacts of transportation infrastructure on wildlife and developing

techniques and approaches for mitigated those impacts.  None-the-less several challenges remain.
Fostering Greater Appreciation of the Problems Caused by Highways and Railways.  One important challenge is getting people to understand the

scope and complexity of transportation impacts on wildlife.  Too often the issue is viewed as one of an incidental take of animals rather than as a threat
to wildlife populations.  We must seek to frame the issue not as concern for individual animals but rather that of maintaining the ecological integrity of
natural systems intersected by railways and highways.  The movement of animals through the landscape is one of many ecological processes that must
be maintained in order to insure the integrity of ecosystems over time.  The impacts of railways and highways do not simply occur at the time of
construction but accumulate over time as populations fail due to transportation impacts and pathways for re-colonization are precluded.  Appropriate
planning and mitigation at the time of construction can go a long way in preventing long-term degradation of wildlife populations and the ecosystems
in which wildlife are important components.

Landscape Analyses to Identify “Connectivity Zones”.    The most effective techniques for facilitating wildlife movement (overpasses, viaducts,
and large underpasses) are also quite expensive. Therefore, it is generally not practical to make entire highways or railways permeable to wildlife
movement.  A practical strategy for mitigating transportation impacts on wildlife movement may dictate that comprehensive efforts utilizing expensive
elements be reserved for areas that are identified and designated as important travel corridors or connections between areas of significant habitats
(Jackson and Griffin 1998).  These landscape analyses are common in Europe (see Canters 1997) and there are some notable examples from North
America (Wagner et al. 1998, Carr et al. 1998).  To the extent that these areas can be identified ahead of time, planning for new transportation
infrastructure can more effectively focus on minimizing and mitigating impacts to these critical areas.

Enlisting Transportation Engineers to Help Solve Technical Problems.  There still is much work to be done in designing wildlife crossing
structures that are effective for facilitating animal passage and practical for use in transportation systems.  Biologists need to establish the performance
standards for such structures based on the characteristics and needs of wildlife.  The assistance of transportation engineers is needed to provide
technical solutions and approaches so that crossing structures more effectively meet the standards identified by biologists.  An example of a problem in
need of a technical solution is how best to provide a wet environment within crossing structures to facilitate amphibian use during migration.  Given
the incredible feats of engineering accomplished over the years by transportation engineers, collaborative partnerships between biologists and engineers
should be able to find practical solutions to many technical problems related to animal passage.

Monitoring and Evaluation of Wildlife Crossing Structures.  Monitoring studies that evaluate the effectiveness of wildlife crossing structures have
provided valuable information that is now available for use in designing future mitigation.  As new structures are built it is particularly important that
these efforts be monitored and the lessons learned from these mitigation experiments shared with others.  There are a variety of techniques that can be
used to monitor animal passage structures and evaluate their effectiveness.
Tracks and Track Beds

One of the simplest methods to monitor use of animal passage structures is surveys for animal tracks.  In some instances tracks may be obvious in
naturally occurring mud or soil within the crossing structure.  A more effective technique involves the preparation of track beds.  Track beds may
involve simply raking and smoothing naturally occurring soil to facilitate track detection and identification.  Use of marble dust or fine white sand will
generally increase the effectiveness of track beds.  Soot or ink panels with paper can be used along narrow passages and are useful for recording the
tracks of small animals such as amphibians, lizards, and small mammals.

Track beds ideally should be 1-2 m wide and extend the entire width of the passage.  Where underpasses and culverts contain streams or rivers,
track beds will only be useful for recording those animals that pass along the banks and will not provide accurate counts (animals traveling in the
stream channel will be missed).  Fluctuating water levels within the passage structure may provide serious problems for track beds, as rising water
levels are likely to wash away tracks.

In order to provide the most useful information about wildlife use of crossing structures, track beds should be established at both ends of the
structure.  This will allow monitors to determine whether animals that entered the passage actually passed through the crossing structure.



Automatic Cameras
Automated cameras have been used in a few studies of animal passage systems and have provided evidence that these structures are used by a

variety of large animals.  If properly installed they may be useful for detecting passage by large animals, although they may not be reliable enough to
provide accurate counts of animals using a passage.  One of the particular difficulties with using camera setups is detecting small animals. 
Photographs of large animals are usually identifiable even at some distance.  Small animals must be photographed up close for proper identification. 
In some settings it may be possible to channel small animals through a narrow shute to facilitate photo-documentation. 

Infrared beam triggers present a variety of problems for documenting small animals.  Infrared beams are difficult to position for reliable results on
uneven ground.  It also is difficult to use a single beam that will work for animals that jump or bound (frogs, chipmunks, jumping mice).  Camera
setups positioned low to the ground also are vulnerable to vandalism.  

Camera setups with motion detectors may be more effective than infrared beam triggers for documenting mammals, provided that they are well
positioned.  In large culverts or underpasses, both the camera and triggering mechanism can be mounted high in the structure out of the reach of
people.  None-the-less, they will need to be armored to prevent damage from stone-throwing vandals.  One important disadvantage to using motion
detector triggers is that they are only effective for detecting "warm-blooded" animals.

Counters
Counters make use of either infrared beam or motion detector triggers without cameras to count the number of animal passages at a particular

point.  The advantages of using counters without cameras is that they are less obvious and easier to protect from vandals, less expensive (no camera,
film or photo processing required) and more reliable than camera setups, and require less attention (no need to change film).  The obvious major
disadvantage is that when using counters alone it is impossible to know what species are being documented.  Further, the counters also possess the
same limitations of triggering devises discussed in the section on automatic cameras.  In some cases use of counters with track beds may provide a
practical means of monitoring wildlife use of crossing structures.

Video Cameras
The advantage of using video cameras is that it allows observations of behavior that may indicate hesitancy or stress in animals using a crossing

structure.  Standard video cameras have been used in the day time.  In Europe wildlife crossing structures have been monitored by infrared video
cameras allowing observations at night (when many animals are more active).  The primary disadvantages of this technique are: 1) they are not
generally suitable for monitoring small animals (unless the crossing structure is small), 2) the high cost (approximately $10,000 for an infrared unit),
and 3) the amount of time needed to review a large volume of videotape.

Radio Tracking
Tracking of radio tagged wildlife can provide some information about the crossing rates for individual animals.  However, while records of

animals on both sides of a highway or railway indicate that a crossing has occurred, it is usually not possible to know for certain whether the animal
utilized a particular crossing structure.  In some areas, such as where fencing may effectively limit crossing points, it might be credibly inferred that
animals are using crossing structures.  Another important limitation of radio-tracking is that it is not possible to get an absolute count of how often
crossings occur.  Unless tracking is continuous, an animal could cross several times in between times when its location is recorded via radio telemetry.

Radio tracking is most useful for comparing crossing rates or home range configuration between areas along transportation corridors and areas
remote from highways and railways, or between highway and railway stretches with crossing structures versus areas lacking structures.  Radio
tracking is particularly well suited for studies to document 1) whether home ranges for a particular species change when a highway or railway is
constructed and 2) the degree to which crossing structures affect that change.

Mark-Recapture Studies
For small animals, especially small mammals, trapping studies can provide similar information as radio-tracking, with many of the same

limitations.  Recaptures of marked animals have been used to evaluate the degree to which railways and highways inhibit the movement of small
mammals.  Comparing mark-recapture data for stretches of transportation infrastructure with and without crossing structures may be the only effective
method for evaluating the effectiveness of such structures in facilitating movements of small mammals.

Passage Use versus Mitigation Success
Most attempts to evaluate the success or failure of wildlife crossing structures have focused on documenting wildlife use of the structures.  Use of

tracking beds, cameras, and counters do provide information about animals that use the structures.  Unfortunately, monitoring structure use provides
little information on species or individuals that fail or refuse to use the structure.  Radio-tracking and trapping studies provide less information about
structure use, but are more useful for determining the extent to which railways and highways inhibit wildlife movement and the degree to which
crossing structures are able to mitigate these effects.  In order to fully assess the effectiveness of wildlife crossing structures it may be necessary to use a
combination of two or more techniques that will evaluate both structure use and the degree to which railway or highway effects on animal movement
are mitigated.

Information Sharing.  Recent conferences on this topic (ICOWET I & II, and the International Conference on Habitat Fragmentation,
Infrastructure and the Role of Ecological Engineering, 1995 in The Hague) have played an important role in drawing attention to issues of wildlife
ecology and transportation.  They also have been invaluable as forums for information sharing among the diverse groups of people who are working
on wildlife ecology and transportation issues.  It is essential that we continue to document and share information about mitigation successes and
failures.  The information shared at this conference will be a valuable addition to this process.
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Management and Conservation Article
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ABSTRACT Grizzly bears (brown bears; Ursus arctos) are imperiled in the southern extent of their range worldwide. The threatened

population in northwestern Montana, USA, has been managed for recovery since 1975; yet, no rigorous data were available to monitor program

success. We used data from a large noninvasive genetic sampling effort conducted in 2004 and 33 years of physical captures to assess abundance,

distribution, and genetic health of this population. We combined data from our 3 sampling methods (hair trap, bear rub, and physical capture)

to construct individual bear encounter histories for use in Huggins–Pledger closed mark–recapture models. Our population estimate, N̂¼ 765

(95% CI ¼ 715–831) was more than double the existing estimate derived from sightings of females with young. Based on our results, the

estimated known, human-caused mortality rate in 2004 was 4.6% (95% CI ¼ 4.2–4.9%), slightly above the 4% considered sustainable;

however, the high proportion of female mortalities raises concern. We used location data from telemetry, confirmed sightings, and genetic

sampling to estimate occupied habitat. We found that grizzly bears occupied 33,480 km2 in the Northern Continental Divide Ecosystem

(NCDE) during 1994–2007, including 10,340 km2 beyond the Recovery Zone. We used factorial correspondence analysis to identify potential

barriers to gene flow within this population. Our results suggested that genetic interchange recently increased in areas with low gene flow in the

past; however, we also detected evidence of incipient fragmentation across the major transportation corridor in this ecosystem. Our results

suggest that the NCDE population is faring better than previously thought, and they highlight the need for a more rigorous monitoring

program. (JOURNAL OF WILDLIFE MANAGEMENT 73(1):3–17; 2009)

DOI: 10.2193/2008-330

KEY WORDS abundance estimation, genetic structure, grizzly bear, mark–recapture modeling, noninvasive sampling, Northern
Continental Divide Ecosystem, northwestern Montana, population monitoring, Ursus arctos.

Worldwide, large carnivores are increasingly becoming
endangered (Gittleman and Gompper 2001, Cardillo et al.
2005), but efforts to detect and reverse such declines are
often hampered by limited data (Gibbons 1992, Andelman
and Fagan 2000). Large carnivores tend to be sparsely
distributed over large areas and are difficult to observe
(Schonewald-Cox et al. 1991). Grizzly bears (brown bears;
Ursus arctos) exemplify these challenges and are threatened
in many parts of their holarctic range.

The 5 remaining grizzly bear populations in the
conterminous United States were listed as threatened in
1975 (U.S. Fish and Wildlife Service [USFWS] 1993; Fig.
1). Only 2 of these populations are currently thought to
support more than approximately 50 individuals: the
recently delisted population in the isolated Greater Yellow-
stone Ecosystem and our study population in the Northern
Continental Divide Ecosystem (NCDE; Fig. 1) in north-
western Montana, USA. The NCDE population is the only
large population that remains connected to Canadian
populations.

The Recovery Plan for the NCDE population identifies 6
recovery thresholds related to mortality rates and distribu-
tion of breeding females (Appendix). The program is based

on the best available science and relies on data acquired
during routine agency activities rather than design-driven
sampling (USFWS 1993, Vucetich et al. 2006). Multiyear
counts of females with cubs are used to estimate population
size and mortality rates because, in the absence of marked
animals, individual females can be more easily identified
than lone bears based on the number of cubs accompanying
them.

Despite strong public interest and costly management
programs, there has been no rigorous, ecosystem-wide
assessment of distribution and abundance in the NCDE,
and the status of the population was unclear. Although
sightings at the edge of the population’s range have
increased, suggesting population growth, allowable hu-
man-caused mortality thresholds have been exceeded every
year for the last decade (USFWS 1993; Appendix).

To more rigorously assess the current status of this
population, we conducted intensive noninvasive genetic
sampling (NGS) across all lands occupied by grizzly bears in
the NCDE and augmented these data with information
collected during 33 years of research and management
activities. We estimated abundance, distribution, and
genetic population structure using individuals identified
from multilocus genotypes of hair and tissue samples
collected from bears that occupied our study area during1 E-mail: kkendall@usgs.gov
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our 2004 field season. We used our results to test
assumptions about DNA-based mark–recapture analyses,
estimate genetic error rates, and evaluate the USFWS
program established to monitor this population.

STUDY AREA

Our 31,410-km2 study area in the northern Rocky
Mountains of Montana encompassed the NCDE Grizzly
Bear Recovery Zone (USFWS 1993) and extended to the
edge of surrounding lands thought to have grizzly bears
present during our study (Fig. 2A). The only exception was
along the northern edge where the study area boundary was
delineated by the United States–Canada border, which was
open to bear movement. Black bears (Ursus americanus)
occurred throughout the NCDE. The study area had a
central core of rugged mountains managed as national park,
wilderness, and multiple-use forest, surrounded by lower
elevation tribal, state, and corporate timber lands, state game
preserves, private ranch lands, and towns. Approximately
75% of the study area was mountainous and 35% was
roadless. The study area included all of Glacier National
Park, portions of 5 national forests (Flathead, Kootenai,
Lewis and Clark, Lolo, and Helena), 5 wilderness areas
(Bob Marshall, Great Bear, Scapegoat, Mission Mountains,
and Rattlesnake), parts of the Blackfeet Nation and
Confederated Salish and Kootenai Indian reservations, and
hundreds of private land holdings. The east–west running
United States Highway 2 and Burlington Northern–Santa
Fe (BNSF) railroad form the largest and busiest trans-
portation corridor in the NCDE (Fig. 2).

METHODS

Sampling Methods
To maximize coverage, we used 2 independent, concurrent
NGS methods to sample the NCDE grizzly bear popula-
tion. Our primary effort was based on systematically
distributed hair traps using a grid of 641 7 3 7-km cells

during 15 June–18 August 2004. We placed one trap in a
different location in each cell during 4 14-day sampling
occasions. Hair traps consisted of one 30-m length of 4-
prong barbed wire encircling 3–6 trees or steel posts at a
height of 50 cm (Woods et al. 1999). We poured 3 L of
scent lure, a 2:1 mix of aged cattle blood and liquid from
decomposed fish, on forest debris piled in the center of the
wire corral. We hung a cloth saturated with lure in a tree 4–
5 m above the center of the trap. We collected hair from
barbs, the ground near the wire, and the lure pile. All hairs
from one set of barbs constituted a sample; we used our best
judgment to define samples from the ground and lure pile.
We placed each hair sample in a paper envelope labeled with
a uniquely numbered barcode.

We selected hair trap locations before the field season
using consistent criteria throughout the study area based on
Geographic Information System (GIS) layers and expert
knowledge. We based selection on evidence of bear activity,
presence of natural travel routes, seasonal vegetation
characteristics, and indices of recent wildfire severity. Each
trap was located �1 km from all other hair traps, �100 m
from maintained trails, and �500 m from developed areas,
including campsites. To help field personnel navigate to hair
traps, we loaded all coordinates into Global Positioning
System (GPS) units and made custom topographic and
orthophoto maps for each site.

We also collected hair during repeated visits to bear rubs
during 15 June–15 September 2004. Bear rubbing was a
result of natural behavior; we used no attractant. We
surveyed rubs on approximately 80% of the study area; we
omitted lands along the eastern edge of study area due to
insufficient personnel and a relative scarcity of rubs. We
identified 4 primary types of bear rubs for hair collection:
trees (85%), power poles (8%), wooden sign and fence
posts (5%), and barbed wire fences (2%). We focused on
bear rubs located along trails, forest roads, and power and
fence lines to facilitate access and ensure that we could
reliably find the rubs. Each rub received a uniquely
numbered tag and short pieces of barbed wire nailed to
the rubbed surface in a zigzag pattern. We used barbless
wire mounted vertically on bear rubs that had been bumped
by horse packs. We found that the separated ends of double-
stranded wire were effective at snaring hair but would not
damage passing stock. During each rub visit, we collected all
hair from each barb to ensure that we knew the hair
deposition interval. We collected hair only from the barbed
wire and passed a flame under each barb after collection to
prevent contamination between sessions.

We compiled capture, telemetry, mortality, age, and past
DNA detection data for 766 grizzly bears handled for
research or management or identified during other hair
sampling studies (Kendall et al. 2008) in the NCDE during
1975–2007. Of the bears for which tissue samples were
available, 426 were successfully genotyped at �7 loci for
individual identification. We used these data 1) to identify
bears that had been live-captured before 2004 for use as a
covariate in mark–recapture modeling, 2) to investigate

Figure 1. Location of remaining grizzly bear populations and Recovery
Zones (established in the U.S. Fish and Wildlife Service [1993] Grizzly
Bear Recovery Plan) south of Canada. Recovery zones: North Cascade (1),
Selkirk (2), Cabinet–Yaak (3), Northern Continental Divide (4), Bitterroot
(5), and Yellowstone (6).

4 The Journal of Wildlife Management � 73(1)



independence of capture probabilities among females and
their dependent offspring, and 3) for our analysis of
temporal trend in genetic structure. To determine the
proportion of sex–age classes of bears detected with hair trap
and bear rub sampling, we assumed that bears that met all of
the following criteria were potentially available to be
sampled: 1) �1 location on the NCDE study area during
15 June–15 September 1995–2006, 2) alive and �20 years
old in 2004 (we included older bears if documented on the
study area post-2003), and 3) not known to have died before
2004. We only included bears with reliable genotypes that
were known to be present on our study area during our
sampling period in our mark–recapture analysis.

Genetic Methods
We stored hair samples on silica desiccant at room
temperature and blood and muscle samples either frozen
or in lysis buffer. Samples were analyzed at a laboratory that
specialized in low DNA quantity and quality samples,
following standard protocols (Woods et al. 1999, Paetkau
2003, Roon et al. 2005). We analyzed all samples with �1
guard hair follicle or 5 underfur hairs, and we used up to 10
guard hairs plus underfur when available.

The number and variability of the markers used to identify
individuals determine the power of the multilocus genotypes
to differentiate individuals. We used 7 nuclear microsatellite
loci to define individuals: G10J, G1A, G10B, G1D, G10H,
G10M, and G10P (Paetkau et al. 1995). Preliminary data
from this population suggested that randomly drawn,
unrelated individuals would have identical genotypes (PID)
with probability 1 3 10�7, and full siblings would share
identical genotypes with probability (PSIB) 0.0018 for this
marker set. These match probabilities assume a specified
level of relationship, making it difficult to interpret them in
the context of a study population in which the distribution
of consanguinity is unknown. We obtained a more direct
empirical estimate of match probability by extrapolating
from observed mismatch distributions (Paetkau 2003). For
each individual identified, we attempted to extend genotypes
to 17 loci using the following markers: G10C, G10L,
CXX110, CXX20, Mu50, Mu59, G10U, Mu23, G10X, and
amelogenin (for gender; Ennis and Gallagher 1994).

For the first phase of the analysis, we used one
microsatellite marker (G10J), which has a high success rate
and at which alleles with an odd number of base pairs are
diagnostic of black bears. The only exception to this rule is a
94–base pair allele that exists in both species in our
ecosystem. When this allele is present, species must be
confirmed through additional analyses. We set aside samples
that failed at this marker twice, as well as samples with 2
odd-numbered alleles. We analyzed all individuals with �1
94–base pair allele at G10J at all 7 markers that we used for
individual identification, whether or not the second allele
was even-numbered (presumed grizzly bears) or odd-
numbered (presumed black bears).

During the next phase of lab analysis, we finished
individual identifications by analyzing 6 additional markers
on samples that passed through the G10J prescreen. We did

not attempt to assign individual identity to any sample that
failed to produce strong, typical, diploid (i.e., not mixed)
genotype profiles for all 7 markers. We believe that this
strict rejection of all samples whose genotypes contained
weak, missing, or suspect data (e.g., unbalanced peak
heights) dramatically reduced genotyping error by eliminat-
ing the most error-prone samples.

Genotyping errors that result in the creation of false
individuals, such as allelic dropout and amplification error,
can bias mark–recapture population estimates (Mills et al.
2000, Roon et al. 2005). We used selective reanalysis of
similar genotypes to detect and eliminate errors. We
replicated genotypes for all 1) individuals identified in a

Figure 2. Change in genetic differentiation between regions within the
Northern Continental Divide Ecosystem (NCDE) grizzly bear population,
1976–2006. (A) Map of region membership of grizzly bears with �13-locus
genotypes within the NCDE as grouped by factorial correspondence
analysis. Distribution of grizzly bears (1994–2007) in the NCDE study area
based on records of grizzly bear presence; total population range ¼ 33,475
km2; Grizzly Bear Recovery Zone¼ 23,130 km2. (B) Fitch tree of genetic
distances within the NCDE population for 1976–1998 and 1999–2006.
The small number of genotypes available for the SE region for 1976–1998
(n ¼ 2) precluded inclusion in that time period. Genetic distance to the
Prophet River (P), British Columbia, grizzly bear population 1,150 km
north of the NCDE was included for comparison with within-NCDE
population distances.
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single sample, 2) pairs of individuals that differed at only 1
or 2 loci (1- and 2-mismatch pairs), 3) pairs of individuals

that differed at 3 loci when those differences were consistent
with allelic dropout (i.e., homozygous), and 4) individuals
with samples geographically separated by large distances
(Paetkau 2003, Roon et al. 2005, Kendall et al. 2008). We
further minimized the risk of undetected genotyping error
by replicating genetic data for all 17 markers (including
gender) in �2 samples per individual or by repeating the
analysis of all 17 markers in cases where just one sample was
assigned to an individual. Whenever possible, we drew
samples selected for reanalysis from a bear’s 2 most distant
capture points to potentially detect errors or true 0-

mismatch pairs. We also made a photographic record of
DNA liquid transfer steps to help determine the cause of
handling errors when they occurred and to resolve them.

As part of our error-checking efforts, we submitted 748

blind control samples from 32 unique grizzly bears from
throughout the NCDE to the laboratory. We constructed
these samples to mimic the range of DNA quantity in hair
samples collected in the field by varying the number of hairs
with follicles per sample. Although lab personnel were aware
that control samples would be randomly scattered among
field samples, they were not aware of the number or identity
of control samples. Genotyped bears for which sex was
known from field data provided a similar opportunity to
evaluate the accuracy of gender determinations. We also
submitted 115 blind test samples that we created by mixing,

in various proportions, hair from 2 individuals, mostly
parent–offspring or full sibling pairs. As a final overall
assessment of the reliability of our data, we contracted with
Dr. Pierre Taberlet (Director of Research, National Centre
for Scientific Research, Grenoble, France), an expert in
issues of genotyping error in noninvasive samples (Taberlet
et al. 1996, Abbott 2008), to conduct an independent
assessment of our field, data entry, lab, and data exchange
protocols. Among other tests, P. Taberlet examined the
results of 100 randomly drawn and 406 blind samples for
errors and then checked whether the data from the genetic

analysis matched the database used for abundance estimates.

We replicated almost every genotype in the 17-locus data
set, either between samples, by repeated analysis as positive
controls, or during error-checking, which provided an
outstanding opportunity to detect genotyping errors. We

recorded an error each time a genotype was changed after
being entered into the database as a high-confidence score
(i.e., not flagged as requiring reanalysis to confirm a weak
initial result). The extra measures we used to avoid the
creation of spurious individuals, along with our large sample
size, permitted us to evaluate the standard methods that
formed the foundation of our genotyping protocol (Paetkau
2003). Before starting the analysis of supplemental markers
(in duplicate, with emphasis on geographically distant
samples), we generated a preliminary 7-locus results file
using only the standard protocol of selective reanalysis of

similar genotypes.

Estimating Abundance, Mortality, Distribution, and
Genetic Population Structure
We developed an approach to abundance estimation that
combined data from our 3 sampling methods (hair trap, bear
rub, and physical capture) to construct individual bear
encounter histories for use in Huggins–Pledger closed
mark–recapture models (Huggins 1991, White and Burn-
ham 1999, Pledger 2000, Boulanger et al. 2008a, Kendall et
al. 2008). We performed all mark–recapture analyses in
Program MARK (White and Burnham 1999; Pledger
model updated May 2007). The Huggins model allows
the use of individual covariates, in addition to group and
temporal covariates, to model capture probability hetero-
geneity. Pledger (2000) mixture models use �2 capture
probabilities to model heterogeneity by partitioning animals
into groups with relatively homogenous capture probabil-
ities. Our candidate models included gender, bear rub
sampling effort (RSE), history of previous live capture
(PrevCap), and distance to edge (DTE) covariates. Rub
sampling effort was the number of days since the last survey
summed for all bear rubs surveyed in a session. We
considered a bear to have a history of live capture if it had
been captured or handled, regardless of method, at any time
before or during hair trap sampling. Distance to edge was
the distance of the average capture location of each bear
from the open (northern) boundary.

We used a stepwise a priori approach to mark–recapture
model development. To determine the best structure for
each data type, we initially modeled hair trap and bear rub
data separately. We pooled the other 2 data types and used
them as the first sample occasion for each exercise. For
example, in the hair trap models, we combined bear rub and
physical capture detections as the first sample session
followed by the 4 hair trap sessions. We then combined
the most supported hair trap and bear rub models into a
single analysis in which we constructed encounter histories
for each of the 563 bears detected during 10 sampling
occasions as follows: physical capture (1), detection during 4
hair trap sessions (2–5), and detection during 5 bear rub
survey sessions (6–10).

We evaluated relative support for candidate models with
the sample size-adjusted Akaike Information Criterion for
small sample sizes (AICc). We obtained estimates of
population size as a derived parameter of Huggins–Pledger
closed mixture models in Program MARK (White and
Burnham 1999, White et al. 2001). Calculation of 95% log-
based confidence intervals about those estimates incorpo-
rated the minimum number of bears known to be alive on
the study area (White et al. 2001). We averaged population
estimates based on their support in the data, as indexed by
AICc weights, to account for model selection uncertainty
(Burnham and Anderson 2002).

We used our abundance estimate to calculate an estimate
of the known, human-caused mortality rate in 2004 for
comparison with mortality and abundance estimates gen-
erated using the Recovery Plan method (USFWS 1993).
The Recovery Plan population estimate and the number of
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mortalities applied only to the Recovery Zone plus a 16.1-
km buffer. Because our abundance estimate covered a larger
area, we used the total number of mortalities for this area to
calculate mortality rate.

To determine the current range of grizzly bears, we plotted
confirmed records of grizzly bear presence from hair snaring,
captures, telemetry, mortalities, and sightings from 1994 to
2007 on a 5-km grid. We defined the edge of current
distribution as the outermost occupied cells adjacent to
other occupied cells. We mapped an occupied cell as an
outlier if it was separated from other cells with bears by .1
empty cell (Fig. 2A).

To investigate population genetic structure, we identified
regional subpopulation boundaries using factorial corre-
spondence analysis (FCA) conducted in GENETIX (Bel-
khir et al. 2004). We adjusted the number and location of
geographic boundaries on an ad hoc basis to minimize
overlap of geographically defined genetic clusters (Fig. 2A).
We used FST (Weir and Cockerham 1984, Barluenga et al.
2006) to estimate genetic differentiation between regions
and visualized these values with Fitch trees (Fitch and
Margoliash 1967). To determine gene flow across United
States Highway 2 and BNSF railroad, we divided the
corridor into 3 segments and used assignment tests (Paetkau
et al. 1995) to compare the 50 individuals nearest to the
highway on either side of the western and eastern sections
(data not shown for the middle section; Fig. 2A).

To examine change in genetic structure over time, we
divided our data set into 347 animals first captured before
1999 and 600 animals first captured more recently. We
based the choice of 1998 as the cut-off for the earlier period
on available sample size, which increased considerably after
1998. We conducted all population genetics analyses using
�13-locus genotypes. We used 15 of the 16 microsatellite
markers used in the NCDE in the data sets for bear
populations in Canada and Alaska to which we made
comparisons of genetic variability and population structure.
Genetic distance calculations between the Prophet River
and NCDE populations used 15-locus genotypes provided
by G. Mowat (British Columbia Ministry of Environment,
Nelson, BC, Canada; Poole et al. 2001).

RESULTS

Sampling Effort
From 15 June to 18 August 2004, we collected 20,785 bear
hair samples from 2,558 scent-baited hair traps (Fig. 3A;
Table 1). We also collected 12,956 hair samples from 4,795
bear rubs (Fig. 3B; Table 2). We conducted 18,021 rub visits
during our 15 June–15 September 2004 field season, for an
average of 3.8 visits/rub (SD ¼ 1.04; range 1–7; Table 2).

Genotyping Success, Marker Power, and Quality Control
We culled many of the 33,741 hair samples collected from
hair traps and bear rubs before the first stage of analysis
based on inadequate number of follicles (26.4%), obvious
non–grizzly bear origin (2.3%), and subsampling criteria
(2.1%). We attempted to genotype 23,325 (69.1%) samples.
Genotyping success exceeded 70% with �3 guard hairs or

�11 underfur follicles; success rates were similar for samples
from hair traps and bear rubs. Of the samples we screened
with the G10J marker, we set aside 17.3% after they failed
twice and 51.2% identified as black bear (with 2 odd-

Figure 3. Location of grizzly bear hair snaring sites in the Northern
Continental Divide Ecosystem, Montana, USA. (A) Location of bear hair
traps (n ¼ 2,558). We conducted hair trap sampling 15 June–18 August
2004. (B) Location of bear rubs (n¼4,795). We surveyed bear rubs on trails,
forest roads, and power and fence lines during 15 June–15 September 2004.
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numbered alleles). We obtained complete 7-locus genotypes
for 74.2% (n¼ 4,218) of the samples that passed the G10J
prescreen. We encountered samples with hair from .1 bear
infrequently; we classified 0.4% of hair trap and 0.8% of
bear rub samples as mixed based on the appearance of �3
alleles at �3 markers. Of the 563 individual grizzly bears we
used in our analyses, 560 had complete genotypes at 17
microsatellite loci and 542 were fully replicated at all 17
markers with �2 independent, high-confidence genotypes.

Mean observed heterozygosity across the 7 markers used
to identify individuals was 0.73 (Table 3). The probability
that 2 randomly drawn, unrelated individuals would share
the same genotype (PID) was 9 3 10�8, and the probability
that full siblings would have identical genotypes (PSIB) was
0.0017. Extrapolation from the mismatch distribution in our
data set suggested approximately one pair of individuals
with identical 7-locus genotypes. Expressed as a match
probability, this equates to approximately 1/158,203, or 6 3

10�6, midway between the estimates for siblings and
unrelated bears (based on 563 3 562/2 ¼ 158,203 pairs of
individuals in the data set, and a predicted one pair of
individuals with the same 7-locus genotype).

When we considered all available markers, all individual
bears differed at �3 loci. All 563 individuals identified by
the original 7-locus analysis also had unique multilocus
genotypes for the supplemental microsatellite markers.
Given the low rate of genotyping error documented during
data duplication (above) and by blind control samples
(below) there was effectively zero probability that a pair of

samples from a given individual would contain undetected
genotyping errors in both the original 7-locus and
supplemental 9-locus genotype, so errors in the first 7
markers would be detected by discovery of matching
genotypes at the supplemental markers.

As expected, some of the 748 blind control samples were of
inadequate quality to obtain a reliable genotype. However,
100% of the 653 samples that we successfully genotyped
were assigned to the correct individual, giving an estimated
error rate for 7-locus genotypes of ,1/653 (0.0015). As
argued above, we believe that the actual number of false
individuals is zero, but the blind controls provide an upper
bound on the rate of error. Gender matched in all 514 cases
for which we knew sex from field data. All of 115
deliberately mixed samples from 2 individuals were either
assigned a genotype that matched 1 of the 2 source bears,
failed to produce a clear genotype, or were correctly
identified as mixed. In no case was a spurious individual
recognized through mixing of alleles from 2 individuals’
genotypes, presumably because of the strict exclusion of
samples with atypical genotype profiles at even one marker.
The independent assessment of field and laboratory proto-
cols concluded that 1) all consistency checks strongly
supported the reliability of the data, 2) no mechanism for
systematic error was present, and 3) the error rate for the
number of individual bears identified was �1%.

Factorial correspondence analysis (Kadwell et al. 2001,
Belkhir et al. 2004) based on 6-locus genotypes (i.e.,
excluding G10J) provided unambiguous and independent

Table 1. Grizzly bear hair trap results. We conducted hair trapping 15 June 2004–18 August 2004 in the Northern Continental Divide Ecosystem in
northwestern Montana, USA, for 4 14-day sessions.a

Session No. sites
% traps with �1

grizzly bear sample

Grizzly bear samples/trapb

Total no.
grizzly bear samples

No. new bears No. unique bears

x̄ SD F M F M

1 640 19.4 4.3 4.0 535 70 60 70 60
2 637 15.5 5.8 6.4 570 44 40 50 55
3 638 20.2 6.2 6.8 796 83 39 111 55
4 643 19.7 6.4 6.8 810 69 43 114 76
x̄ 640 18.7 5.7 6.0 678 67 46 86 62
Total 2,558 2,711 266 182

a x̄¼ 13.98 days, SD¼ 1.27.
b Of those hair traps that had �1 grizzly bear hair sample.

Table 2. Grizzly bear rub survey results. We conducted surveys 15 June 2004–15 September 2004 in the Northern Continental Divide Ecosystem in
northwestern Montana, USA. We combined sessions with low sampling effort for mark–recapture analysis.

Session
No. bear
rub visits

% bear rubs with
grizzly bear hair

No. grizzly bear samples/ruba

Rub tree
effortb

Total no.
grizzly bear samples

No. new bears No. unique bears

x̄ SD F M F M

1–2 3,186 18.7 2.5 1.8 53,220 595 17 68 17 68
3 3,510 13.8 2.4 1.8 61,900 484 29 34 32 68
4 3,081 13.2 2.6 2.1 57,001 406 24 20 33 50
5 4,208 11.7 2.3 1.6 82,358 494 35 22 54 63
.6 4,036 10.4 2.2 1.5 63,999 380 15 11 39 50
x̄ 3,604 13.6 2.4 1.8 63,696 472 24 31 35 60
Total 18,021 318,478 2,359 120 155

a Of those bear rub visits that had at least one grizzly bear hair sample.
b Rub sampling effort (RSE) is the cumulative no. of days between successive hair collections for each rub sampled per session. For example, if we surveyed

3,000 rubs during session 3, each surveyed 20 days earlier, the RSE for session 3 would be 3,000 3 20¼ 60,000.
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species assignment for all individuals and confirmed that all
individuals with �1 odd-numbered allele were black bears.
The black bear genotypes that were closest to grizzly bears
in the FCA had their genotypes extended to 16 micro-
satellite markers, as did genotypes that were homozygous for
allele 94 at G10J. Subsequent 15-locus FCA analysis
(excluding G10J) confirmed earlier 6-locus species assign-
ments and identified 58 grizzly bears and 2 black bears that
were homozygous for allele 94.

We estimated our rates of initial error (i.e., before error-
checking) were 0.005 per locus per sample for the 7
microsatellites used on all samples, 0.002 for the 9 extra
microsatellite markers, and 0.0007 for gender. Overall, we
classified 67% of the 234 detected errors as human errors
(e.g., inaccurate scoring), 18% as allelic dropout, and 15%
as false or irreproducible amplifications.

Population Abundance, Mortality, Distribution, and
Genetic Structure
Our model-averaged abundance estimate for the NCDE
population in 2004 was N̂¼ 765 (95% CI¼715–831; Table
4). Although this represents a superpopulation estimate
(Crosbie and Manly 1985), we estimated from radio-
telemetry and DNA captures that only 0.5% of the bears
we sampled moved outside of the study area to the west or
east, and 1% of bears crossed the northern boundary of our
study area (12% of the perimeter) during our 2004 sample
period. Total known, human-caused mortality when
calculated using our abundance estimate was 4.6% (95%
CI ¼ 4.2–4.9%); the female mortality rate was double the
maximum allowed by the Recovery Plan (Appendix;
USFWS 1993).

Our data supported 10 models as indicated by DAICc

values �2 (Burnham and Anderson 2002; Table 5).
However, our stepwise model development process resulted
in very similar candidate models in the final stages of the
analysis. In fact, the only parameters that varied were the
sex-specific DTE threshold values. Our joint (physical
capture–hair trap–bear rub) models suggested that hair trap
capture probabilities mainly varied by sex, time, and
PrevCap (Table 5). Average per-session capture probabil-
ities were similar across genders for hair traps (�p̂ M ¼ 0.22;

�p̂F ¼ 0.19), with both genders having the lowest capture
probabilities in session 2 and the highest by session 4 (Fig.
4). Bears with a history of previous live capture were 58.4%
(95% CI¼ 42–79%) less likely to be captured in hair traps
than were bears with no known record of capture. Bear rub
capture probabilities varied by sex, sex-specific temporal
trends, and RSE (Table 5). Males had approximately 3-fold
higher average capture probabilities than females, but males
displayed slightly declining capture probabilities over time.
Conversely, females showed a slight increasing trend in
capture probabilities over time and were nearly equal with
males in session 4 (Fig. 4). In addition, there was undefined
heterogeneity present in the bear rub data as indicated by
the support for mixture models with this data type (Table 5).
The DTE threshold values for the most supported model
was �15 km and 5 km for males and females, respectively,
which is consistent with bear biology because males are
expected to move greater distances than females. Generally,
as DTE increased above those levels, model support
declined (Table 5).

Spring molting and behavioral differences between males
and females could cause variation in hair deposition rates,
sometimes in opposing directions. Because this may have
influenced DNA capture probabilities, we examined our
data for seasonal and gender-based differences in the
number of hair samples deposited. Our data showed no
seasonal trend in the number of hair samples left by females
and a slight decrease in the number of samples deposited by
males over the course of hair sampling. Although male and
female hair deposition rates differed by sampling type (hair
trap or bear rubs), this did not result in variable detection
rates because we needed only one sample from each
individual per hair sampling site to document presence.

In total, we detected 545 unique bears with our joint hair
snaring methods, or 71% of the estimated population. By
comparing hair snaring captures to genotypes from 276
handled bears of known sex and age class, we estimated hair
snaring detected 44% of cubs, 80% of yearlings, and 89%
of adult females known to be, or potentially present (Table
6). From our live-captured bear data, we knew of 6 family
groups detected at hair traps. Of the 17 instances when we
detected one member of a family group, we failed to detect
other family members 53% of the time. Bear rub data also
showed variable detection within families; we detected
multiple members of the same group together in only 31%
of 16 opportunities.

We detected 321 unique females and estimated there were

Table 3. Variability of microsatellite markers used to determine individual
identity of grizzly bears in the Northern Continental Divide Ecosystem in
northwestern Montana, USA, in 2004.a

Marker HE HO A PID PSIB

G10J 0.76 0.72 6 0.10 0.40
G1A 0.72 0.73 7 0.11 0.42
G10B 0.77 0.74 9 0.08 0.38
G1D 0.79 0.80 11 0.07 0.37
G10H 0.68 0.65 11 0.13 0.44
G10M 0.71 0.69 9 0.14 0.43
G10P 0.77 0.75 7 0.08 0.39
x̄ 0.74 0.73 8.6
Overall probability

of identity
9E–08 0.0017

a HE¼ expected heterozygosity; HO¼observed heterozygosity; A¼no. of
alleles; PID ¼ probability of identity; PSIB¼ probability of sibling identity.

Table 4. Total minimum counts and model-averaged estimates of grizzly
bear population abundance in the Northern Continental Divide Ecosystem
in northwestern Montana, USA, in 2004.

Parameter
Min.
count Estimate SE

CV
(%)

95% log-based CI

Lower Upper

M 242 294.58 12.01 4.1 276 324
F 321 470.60 26.16 5.6 427 531
Pooled 563 765.18 29.27 3.8 715 831
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470 (95% CI ¼ 427–531) in the NCDE population. We
detected �1 (range 2–56) female in each of the 23 Bear
Management Units defined in the Recovery Plan, as well as
12 females beyond the Recovery Zone boundary. Overall,
population density declined along a north–south axis and
toward the periphery of grizzly bear range (Fig. 5). Grizzly
bears occupied 33,480 km2 in the NCDE during 1994–
2007, including 10,340 km2 outside the Recovery Zone
(Fig. 2A).

Factorial correspondence analysis identified 6 subpopula-
tions in the NCDE (Fig. 2). In 4 of those subpopulations,
genetic diversity approached levels found in undisturbed
populations (15-locus mean HE ¼ 0.66–0.68). However,
genetic variability was lower in the eastern (HE¼ 0.61) and
southeastern (HE ¼ 0.62) subpopulations.

Despite the general absence of geographically delimited
genetic discontinuities, genetic differentiation between the
northern NCDE and the southern and eastern periphery
(FST ¼ 0.05–0.09; 16–118 km apart) was similar to or
greater than the value (FST ¼ 0.06) observed between the
northern NCDE and the Prophet River population in
British Columbia, Canada, 1,150 km to the north (Fig. 2B;
Table 7; Poole et al. 2001). When we compared population
structure for animals first captured 1976–1998 with that of
animals first captured 1999–2006, we found that the genetic
distinctiveness of the eastern and southwestern periphery
decreased over time (Fig. 2).

The only signal of population fragmentation that aligned
with landscape features was across Highway 2 and the
BNSF rail line (Figs. 2, 6). There was little discernible
genetic differentiation across the eastern portion of the
corridor (FST ¼ 0.01), but at the western end, where human
density and traffic volumes were higher, differentiation
indicated reduced genetic interchange (FST ¼ 0.04; Fig. 6).

DISCUSSION

Our study provides the first ecosystem-wide status assess-
ment of the NCDE grizzly bear population. Our abundance
estimate was 2.5 times larger than the recovery program
estimate. However, density varied dramatically; we found
the highest concentrations of grizzly bears in Glacier
National Park but detected fewer bears in the southern
portion of the ecosystem. Our results suggested that the
population was growing in terms of abundance, occupied
habitat, and connectivity in areas of historically low genetic
interchange. Our results also suggested that the population
has generally remained genetically integrated and connected
to Canadian populations. Conversely, we detected incipient
fragmentation along the major transportation corridor in the
NCDE and caution that continued unmitigated develop-
ment may lead to reduced gene flow within this population
and reduced connectivity to adjacent populations. Our use of
3 data sources increased our sample coverage, resulting in
improved estimate precision and greater resolution of
genetic population structure. We demonstrated that our
NGS detected bears of all sex–age classes; therefore, our
derived estimates reflect total population abundance. Our
assessment suggests that grizzly bear recovery efforts have
generally been successful; however, our results also highlight
the need for improved monitoring techniques and reinforce
the need to reduce the human-caused female mortality rate.

Grizzly Bear Demography and Population Structure
Abundance and mortality.—Our abundance estimate

was more than double the existing estimate (Appendix) and
represents the first ecosystem-wide estimate of this pop-
ulation to include a measure of precision. Although our
estimate reflects the superpopulation abundance, given the
low rates of bear movement off our study area, we felt

Table 5. Model selection results from mark–recapture analysis of the grizzly bear population in the Northern Continental Divide Ecosystem in northwestern
Montana, USA, in 2004, sampled using physical capture (occasion 1), hair traps (occasions 2–5), and bear rubs (occasions 6–10). We present only models
with DAICc , 2. Results from Program MARK, 25 November 2007 build.

Modela AICc
b DAICc

c wi
d Model likelihood No. parameters Deviance

Base model þ DTEM15km, DTEF5km 5,012.216 0 0.116 1 21 4,970.051
Base model þ DTE5km 5,012.624 0.409 0.094 0.815 20 4,972.474
Base model þ DTEM20km, DTEF5km 5,012.894 0.678 0.082 0.712 21 4,970.729
Base model þ DTE15km 5,012.947 0.731 0.080 0.694 20 4,972.797
Base model þ DTEM25km, DTEF5km 5,013.084 0.868 0.075 0.648 21 4,970.919
Base model þ DTE10km 5,013.117 0.902 0.074 0.637 20 4,972.968
Base model þ DTEM15km, DTEF10km 5,013.132 0.917 0.073 0.632 21 4,970.967
Base model þ DTEM30km, DTEF5km 5,013.496 1.280 0.061 0.527 21 4,971.331
Base model þ DTEM20km, DTEF10km 5,013.806 1.590 0.052 0.452 21 4,971.641
Base model þ DTEM10km, DTEF5km 5,013.899 1.684 0.050 0.431 21 4,971.735

a Base model notation: PC (.) [HT: p(sex 3 tþPrevCap) RT: p (sex) p1&2 (3 sexþ sex 3 TþRSE)]. Base model description: Physical capture probability
held constant. Hair trap: sex- and session-specific capture probabilities (p), with an effect of previous live capture (PrevCap), i.e., known to have a previous
physical capture. Rub tree: sex-specific mixture probability (p). Capture probability is sex-specific with sex-specific linear trends (T), and an effect of rub
sampling effort. Parameter definitions: PC¼physical capture; HT¼hair trap; RT¼ rub tree (includes all types of bear rubs). Mixture models only supported
for RT data. RSE ¼ rub sampling effort: cumulative no. of days between successive hair collections across all sampled rubs/session. For example, if we
surveyed 2,000 rubs during session 2, each surveyed 20 days earlier, the RSE for session 2 would be 2,000 3 20 ¼ 40,000. DTE¼ individual covariate of
distance to northern edge of study area. Effects of distance to edge are limited to the thresholds specified in model notation, e.g., DTEM15km means that only
male bears with an average capture location �15 km from the northern edge are modeled with this covariate.

b Akaike’s Information Criterion for small sample sizes.
c The difference in AICc value between the ith model and the model with the lowest AICc value.
d Akaike wt used in model averaging.
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correcting for closure violation was unnecessary and would

not impact inferences on population status. The known,

human-caused mortality rate in 2004 when calculated with

our abundance estimate was slightly above the 4% level

considered sustainable (USFWS 1993). However, the

number of mortalities in 2004 (n ¼ 35) was the highest on

record, and the female mortality rate was double the level

allowed in the Recovery Plan. This is noteworthy because
female survival is the most important driver of population
trend (Schwartz et al. 2006). Although the Recovery Plan
thresholds account for unreported mortality, this rate is
difficult to measure and may vary over time (Cherry et al.
2002).

Knowing the sex–age classes included in population
estimates is vital for monitoring population trend and
making meaningful comparisons of density among popula-
tions. For example, dependent offspring can constitute 30%
of grizzly bear populations (Knight and Eberhardt 1985).
Because an animal’s age cannot be determined from hair, it
has been unclear whether dependent offspring are sampled
with hair snaring and included in abundance estimates
derived from noninvasive sampling (Boulanger et al. 2004).
Based on our large sample of bears (n¼ 276) for which sex
and age were known, we found that hair snaring detected
substantial proportions of the cubs and yearlings known to
be present (Table 6). This represents the most conclusive
evidence to date that bear population estimates derived from
hair snaring include all sex–age classes. Our estimate of the
DNA detection rate was likely conservative because 1) bears
that have been previously live-captured may be less likely to
be sampled in hair traps (Boulanger et al. 2008a); 2) some
known bears may have ranged beyond the study area
boundary during our sampling season, making them
unavailable for DNA detection; and 3) unrecorded deaths
could have occurred before DNA sampling.

Distribution.—Consistent with population expansion,
we documented a substantial amount of habitat occupied by
grizzlies beyond the Recovery Zone. Female grizzlies were
well distributed and found in all bear management units.
Although not all were of breeding age, the number and wide
distribution of females detected suggest good reproductive
potential. However, density varied substantially from high
levels in Glacier National Park in the north to low levels in
the south (Fig. 5). Several areas in the NCDE had few or no
detections, including some that contained high-quality
habitat, suggesting that there is still potential for population
growth.

A single measure of bear density in a region as large and
diverse as the NCDE would have little value and could be
misleading compared with other populations. Climate,
topography, vegetation, and land use were highly variable
and likely influenced bear density patterns. Further
complicating comparison with other populations, mamma-
lian carnivore density estimates tend to vary inversely with
study area size (Smallwood and Schonewald 1998).

Table 6. Number and proportion of grizzly bears that were present or potentially present that we detected with hair snaring in the Northern Continental
Divide Ecosystem in northwestern Montana, USA, during the 2004 sampling period.

Cub Yearling Subadult Ad Total

No. % No. % No. % No. % No. %

F 11 36 7 100 11 55 118 89 147 83
M 5 60 8 63 20 75 96 94 129 88
Total 16 44 15 80 31 68 214 91 276 85

Figure 4. Gender-specific per session grizzly bear capture probability
estimates from (A) bear rub surveys and (B) hair traps in the Northern
Continental Divide Ecosystem, Montana, USA. Sampling sessions were 2
weeks long, beginning 15 June 2004. Pi (p) values represent the probability
that an individual grizzly bear has 1 of 2 capture probabilities in the bear rub
data. For example, in our data male bears had probability 0.30 of having the
higher capture probabilities depicted in the top solid line. We derived
estimates from the most selected models from Table 5. Rub sampling effort
was the cumulative number of days between successive hair collections
summed over all bear rubs sampled per session; values are presented on the
secondary y axis.
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Typically, larger study areas include more habitat hetero-

geneity, which is often associated with variation in animal

abundance. Smaller areas include proportionally more

animals with home ranges overlapping the study area

boundary, which, if not corrected for, can result in positively

biased abundance estimates (Miller et al. 1997, Boulanger

and McLellan 2001). At 31,410 km2, our study area was

much larger than those of most other terrestrial wildlife

abundance estimation studies.

Population structure.—Genetic diversity in the NCDE

approached levels seen in relatively undisturbed populations

in northern Canada and Alaska, USA (Paetkau et al. 1998).

Our results suggest that this population had not experienced

a severe genetic bottleneck and that connectivity within the
population and with the Canadian Rocky Mountain
populations remained largely intact. The apparent recent
increase in gene flow with the eastern periphery of the study
area was consistent with population recovery. The histor-
ically low levels of genetic interchange and subsequently
reduced diversity in the eastern and southeastern areas were
similar to levels observed along the edges of the Canadian
grizzly bear distribution and did not align with any
landscape features (Proctor et al. 2005). However, our
observation of reduced connectivity at the more developed
western end of the dominant transportation corridor in the
NCDE may signal the need for management intervention to
ensure gene flow across this corridor in the future (Proctor
et al. 2005).

Data Sources, Analytical Methods, and Data Quality
Supplemental data sources.—Having access to informa-

tion such as mortality records, familial relationships, and
animal movement data allowed us to investigate central
assumptions of NGS studies. Some studies have assumed
that juvenile bears are not sampled with hair snaring (e.g.,
Dreher et al. 2007). Our data showed that our abundance
estimate based on hair snaring included all cohorts in the
population. Noninvasive genetic sampling studies that
assume juvenile bears are not vulnerable to sampling may
overestimate total population abundance. In the absence of
data on the detection rate of cubs and yearlings for
individual study designs, our data argue for assuming that
they are sampled. We also used management records to
document partial independence of detection probabilities of
family members traveling together, thus easing concern that
a lack of independence among individuals creates bias in
variance estimates.

The management and research records we gathered on
grizzly bears in this ecosystem previously resided with
individual researchers and wildlife managers from 8 agencies
in dozens of locations in the United States and Canada. In
addition to the assumptions investigated above, we used
these data to 1) increase sample coverage, extend encounter
histories, and improve the precision of our abundance
estimate; 2) produce a comprehensive map of grizzly bear
occupied habitat in the NCDE; and 3) document the
apparent decrease in genetic differentiation among popula-
tion segments over time. Management responsibility for

Table 7. Changes in genetic differentiation (FST) between regions within the Northern Continental Divide Ecosystem (NCDE) grizzly bear population in
northwestern Montana, USA. FST values for 1976–1998 are below the diagonal; 1999–2006 values are above the diagonal. The Prophet River, British
Columbia, Canada, grizzly bear population 1,150 km north of the NCDE was included for comparison with within-NCDE population distances. Only 2
genotypes were available for the southeast region before 1999.

Region Prophet NW NE Mid East SW SE

Prophet 0.07 0.07 0.05 0.10 0.09 0.10
NW 0.06 0.02 0.02 0.08 0.06 0.09
NE 0.06 0.02 0.02 0.07 0.05 0.07
Mid 0.05 0.02 0.01 0.05 0.03 0.05
East 0.12 0.10 0.08 0.06 0.05 0.04
SW 0.09 0.07 0.06 0.04 0.07 0.05
SE

Figure 5. Relative density of grizzly bears in the 31,410-km2 Northern
Divide Grizzly Bear Project study area in northwestern Montana, USA. We
conducted sampling 15 June–18 August 2004 at 2,558 hair traps
systematically distributed on a 7 3 7-km grid. Because equal sampling
effort was required for this analysis, we used only hair trap data.
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most populations of wide-ranging species is shared by
multiple agencies. Centralized databases with standardized
data and tissue sample repositories can be extremely useful
and will become more valuable with time as analytical
techniques are refined.

Mark–recapture methods.—Noninvasive genetic sam-
pling has been widely used for estimating abundance of
grizzly and black bear populations (Boulanger et al. 2002,
Boersen et al. 2003), but estimates have often been
imprecise (CV . 20%; Boulanger et al. 2002) and thus of
limited use for detecting trends or guiding management
policy, such as setting harvest rates. Factors that contributed
to the precision of our estimate (CV ¼ 3.8%) included the
use of multiple sampling methods, the development of
advanced mark–recapture modeling techniques (Boulanger
et al. 2008a), and the large scale of our study. Combining
detections from multiple data sources into single encounter
histories yielded robust estimates with higher precision than
a single–source approach (Boulanger et al. 2008a, Kendall et
al. 2008). Mark–recapture models that can incorporate
individual, group, and temporal covariates increase precision
or reduce bias by more effectively modeling the hetero-
geneity in capture probabilities that is pervasive in wild
populations (Huggins 1991, Pledger 2000, Boulanger et al.
2008a). Large study areas result in the larger sample sizes
needed to model heterogeneity and reduce the effect of
closure violation—a common source of capture probability
variation. Our resulting population estimate was the most
precise estimate obtained for a grizzly bear population using
NGS.

Use of 3 sampling methods reduced estimate bias by
increasing sample coverage; each method identified bears
not sampled by the other methods (Table 8). Inclusion of
physical capture data provided an opportunity to estimate
capture probability for bears that were not detected using

either hair snaring method and helped model heterogeneity
in hair trap capture probabilities (Boulanger et al. 2008a, b).

An important assumption in mark–recapture analyses is
the independence of capture probabilities among individu-
als. Family groups (parent–offspring and siblings traveling
together) are the largest source of nonindependent move-
ment in bear populations. Simulations suggested inclusion
of dependent offspring causes minimal bias to population
estimates but potentially a slight negative bias to variance
estimates (Miller et al. 1997, Boulanger et al. 2004,
Boulanger et al. 2008b). The magnitude of this phenom-
enon, however, has not been adequately explored with
empirical data. Our evidence of partial independence of
capture probabilities within family groups further suggested
that this source of heterogeneity was unlikely to be a
significant source of bias in our estimates.

Heterogeneity caused by lack of geographic closure is also
a major challenge for DNA-based abundance estimation
projects using closed models (Boulanger and McLellan
2001, Boulanger et al. 2004). The most effective ways to
decrease this source of bias are to sample the entire

Figure 6. Genetic differentiation determined by assignment test between bears located on either side of the highway corridor for 2 segments of United States
Highway 2, northwestern Montana, USA, 2004. Gray squares¼ bears north of highway; black squares¼ bears south of highway. (A) Western segment with
higher traffic volume and human density. (B) Eastern segment with less traffic and development.

Table 8. Number and proportion of individual grizzly bears identified per
sampling method during the Northern Divide Grizzly Bear Project,
Montana, USA, 2004.

Sampling method

M F

No. % No. %

Hair trap only 83 35 187 61
Bear rub only 56 24 41 13
Both noninvasive genetic

sampling (NGS) methods
99 42 79 26

Handled bearsa 4 22 14 78
Total 242 43 321 57

a Of those bears detected in �1 NGS methods, 31 (18 M, 13 F) also had
a record of physical capture.
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population or minimize the ratio of open edge to area
sampled. We sampled essentially all occupied grizzly bear
habitat associated with the NCDE in the United States and
used telemetry data to assess movement rates across study
area boundaries. We found extremely low levels of closure
violation; therefore, we did not correct our estimate of
abundance for lack of closure but used DTE to account for
expected lower capture probabilities for bears along the
northern edge of the study area.

Individual heterogeneity in capture probabilities is the
most difficult problem facing the estimation of animal
abundance (Link 2003, Lukacs and Burnham 2005b). The
physical captures used in our encounter histories were not
the result of even sampling effort across the study area.
However, their inclusion may have reduced heterogeneity-
induced bias resulting from unknown sources, such as
behavioral traits or age, neither of which are known from
DNA data and therefore cannot be modeled (Boulanger et
al. 2008b). We included the PrevCap covariate in hair trap
models because Boulanger et al. (2008b) found that
detection probabilities at hair traps can be lower for bears
that have been live-captured due to caution associated with
similar lure and human scents. This effect was not expected
at bear rubs because rubbing is a natural behavior with no
association with human encounters; therefore, we did not
consider the PrevCap covariate in bear rub models. We
included terms to model the effects of gender-specific
heterogeneity and gender-specific temporal trends in
capture probabilities for both hair trap (Boulanger et al.
2004) and bear rubs (Kendall et al. 2008). Our results were
similar to those of Kendall et al. (2008), who found
increasing capture probabilities for females in both sampling
methods in the northern portion of the NCDE. Males
showed less consistency in temporal trends in capture
probabilities across projects; however, males showed higher
capture probabilities than females in bear rub data across all
years of sampling. Our results suggest that sampling later in
the season results in greater capture probabilities, especially
for females, and should result in more precise abundance
estimates.

Data quality.—Some researchers advocate modeling
genotyping error rates in mark–recapture analyses (Lukacs
and Burnham 2005a). However, we not only used a protocol
that has been shown capable of reducing error rates to a
trivial level (Paetkau 2003), we also went beyond that
protocol to duplicate all genotypes, whether or not they were
similar to another genotype, and to confirm the authenticity
of all 563 identified individuals using an independent set of
microsatellite markers. This provided strong evidence that
no spurious individuals were created through undetected
genotyping error. Our data do not rule out the possibility
that we sampled 2 individuals with the same 7-locus
genotype, but do demonstrate that such events were
exceedingly uncommon, if they occurred at all. The
estimated error rate for the number of individual bears
identified through genotyping was �1%. Errors of this
magnitude do not bias mark–recapture population estimates,

whereas addition of a parameter (error rate) to the
population estimation model would reduce the precision of
the estimate.

We used bar-coded sample numbers and scanners to help
ensure that genetic results were associated with the correct
field data by eliminating transcription and data entry errors
in the field, office, and lab. We used data entry personnel
with extensive experience in data quality control. Our
database contained integrated error-checking queries that
immediately identified questionable data and allowed us to
resolve issues at the time of entry. We used GIS to verify the
origin of samples, and we reviewed the detection history of
each individual bear for inconsistencies. Furthermore, field
crews received 9 days of training in protocols, project
background, laboratory methods, bear ecology, GPS use,
and other topics that contributed to successful execution of
field duties. Our use of such rigorous quality control
measures contributed to our confidence in our results.

Monitoring Populations with Noninvasive Genetic
Sampling
Monitoring and recovery programs for threatened and
endangered species are usually a compromise between the
quality of data desired and the cost of obtaining it (Doak
and Mills 1994, Miller et al. 2002) and are often woefully
inadequate (Vucetich et al. 2006). Abundance estimates are
the most common quantitative criterion in recovery plans
(Gerber and Hatch 2002); however, they are often
imprecise, error-ridden, or based on guesses (Holmes
2001, Campbell et al. 2002). In some cases, insufficient or
erroneous data can directly influence how management
efforts are prioritized and may result in misallocation of
finite conservation resources (McKelvey et al. 2008). For
example, inaccurate abundance estimates may result in
misleading forecasts of population persistence because the
magnitude of demographic stochasticity effects are a
function of population size (Schwartz et al. 2006).
Interpretation of per capita growth rate estimates may also
be impacted by poor data, because growth rates can be
affected by density-dependent demographic stochasticity
(Drake 2005). For example, a monitoring program estimat-
ing trend would predict a flat or declining growth rate if the
population was believed to be at or above carrying capacity
(K). However, with inaccurate estimates of N or K, a
declining growth rate could suggest that the population is
experiencing a density-independent decline and elicit
unnecessary management intervention.

To reliably monitor population trend, researchers must
understand underlying patterns of variation in density and
vital rates to guide stratified sampling, or sampling must be
intensive enough to capture the variation. Measures of
population trend such as those developed from projection
matrices, commonly used for bears, may be insensitive to
declines in some components of the population (Doak
1995). Using NGS methods for long-term monitoring
therefore may be appealing when there is substantial
heterogeneity in animal density and vital rates within a
population, as with grizzly bears in the NCDE. Systematic
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NGS of the entire study area may be able to detect changes
in local density (Fig. 5), patch occupancy, and genetic
structure (Fig. 2), as well as ecosystem-wide abundance and
apparent survival. Low intensity or periodic genetic
sampling, such as with bear rub surveys, could be an
efficient complement to, or more effective than, sighting-
and telemetry-based methods for monitoring dispersal,
distribution, genetic structure, and population trend.

MANAGEMENT IMPLICATIONS

Our results indicate that the NCDE grizzly bear population
is faring better than the USFWS monitoring program had
indicated previously. However, it is likely that continued
unmitigated development along the Highway 2 corridor will
result in genetic fragmentation of the grizzly bear pop-
ulation in the NCDE. Increased traffic volume and
development along the other highways in the NCDE
carries similar risks. Any long-term management strategy
for this population should include ways to facilitate
continued genetic interchange across transportation corri-
dors and the associated development that tends to grow
along them.

The results of a 1-year study cannot measure population
trend. Nonetheless, the recent decrease in genetic differ-
entiation and apparent expanded distribution in the NCDE
were consistent with population growth. In addition, the
number and wide distribution of females we detected bodes
well for the population. However, not all recovery criteria
have been met. For example, even with our higher
abundance estimate, the female mortality rate in 2004 was
double the maximum allowed by the Recovery Plan. This
suggests that, overall, management efforts have been
effective in protecting this population but additional
strategies are needed to reduce the female mortality rate,
which is particularly important because the level of
unreported mortality is difficult to assess. Clearly, a more
intensive program should be considered to monitor
population status and determine if mortality rates are
sustainable. Based on our results, along with evidence of
bear movement among populations and the recent initiation
of a telemetry-based population trend study, the USFWS
initiated a Status Review of threatened grizzly bear
populations. This represents the first step in developing
scientifically rigorous Recovery Plans for grizzly bears in the
contiguous United States.

ACKNOWLEDGMENTS
W. Kendall and T. McDonald shared in developing our
mark–recapture modeling approach. T. Graves assisted with
model development and preliminary analyses. P. Cross, P.
Lukacs, R. Mace, S. Miller, M. Schwartz, and an
anonymous reviewer provided helpful comments on earlier
drafts of this paper. We thank the hundreds of employees
and volunteers who collected hair samples under difficult
field conditions, entered reams of data, and processed
thousands of hair samples. We also thank the following
agencies that provided substantial logistical and in-kind
support: Blackfeet Nation; Confederated Salish and Koote-

nai Tribes; Montana Department of Fish, Wildlife, and
Parks; Montana Department of Natural Resources and
Conservation; National Park Service; Northwest Connec-
tions; United States Bureau of Land Management;
USFWS; and the University of Montana. Outstanding
leadership by C. Barbouletos and M. Long helped make this
project possible. Financial support was provided by the
United States Geological Survey and United States Forest
Service.

LITERATURE CITED

Abbott, R. 2008. Pierre Taberlet Recipient of 2007 Molecular Ecology
Prize (editorial). Molecular Ecology 17:514–515.

Andelman, S. J., and W. F. Fagan. 2000. Umbrellas and flagships: efficient
conservation surrogates or expensive mistakes? Proceedings of the
National Academy of Sciences USA 97:5954–5959.

Barluenga, M., K. N. Stolting, W. Salzburger, M. Muschick, and A.
Meyer. 2006. Sympatric speciation in Nicaraguan Crater Lake cichlid
fish. Nature 439:719–723.

Belkhir, K., P. Borsa, L. Chikhi, N. Rafaste, and F. Bonhomme. 2004.
GENETIX 4.05, logiciel sous Windows TM pour la génétique des
populations. Laboratoire Génome, Populations, Interactions, CNRS
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A BSTRA CT 

On March 19, 1984, more than 170000 gallons of oil were spilled into 
the Columbia River. We had recently developed analytical methods for 
estimating the exposure offish to aromatic compounds by measuring the 
concentrations of metabolites of these contaminants in fish bile. The oil 
spill provided an opportunity to field test our methods in assessing the 
exposure off ish to petroleum aromatic compounds from the spilled 
oil. Our findings indicated that, within 5 days after the spill, mean 
concentrations of metabolites of aromatic compounds in the bile of white 
sturgeon (Acipenser transmontanus) captured 57 miles downstream from 
the spill were significantly higher than those of sturgeon caught upriver. 

I N T R O D U C T I O N  

On March 19, 1984, the tanker Mobiloil ran aground near St. Helens, 
Oregon, releasing more than 170000 gallons of  high density residual 
and industrial oil into the Columbia  River (Weston & Morson,  1985). 
Much of  the downriver Washington State shoreline was oiled as a result 
of  the spill, and some of  the oil was noted on Pacific Ocean beaches 50 
miles north of  the mouth  of  the Columbia River. Oil attributed to this 
spill remained in the river in the form of  tarballs and oiled vegetation 
at least through August, 1985. 

* Present address: Washington State Department of Ecology, Olympia, Washington 
98504, USA. 
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The Washington State Department of Ecology (WDOE) activated 
the Marine Resource Damage Assessment team, a coalition of eleven 
state and federal agencies, to study the spill and assess the damage. As 
part of this study, fish were captured from Columbia River sites both 
upriver and downriver from the spill for the purpose of analyzing them 
for evidence of oil contamination. 

The uptake by fish of aromatic compounds, such as aromatic 
hydrocarbons (AHs) from petroleum, cannot usually be assessed by 
analyzing directly for these compounds in fish tissues and fluids, because 
fish rapidly convert AHs to a variety of metabolic products (Varanasi 
& Gmur, 1981; Krahn et al., 1982). Ten years ago, Statham et al. (1976) 
suggested that analyzing for metabolites in bile could prove useful as a 
'qualitative monitoring aid for certain types of xenobiotics in water' 
because of large bioconcentration factors for certain aromatic com- 
pounds. However, that study, and other, more recent, laboratory studies 
of AH metabolism (e.g. Varanasi & Grout, 1981), used radiolabelled 
compounds; thus, these methods are clearly not suitable for studying 
the fate of complex mixtures of aromatic compounds from an oil spill. 
Some researchers have developed gas chromatographic/mass spectro- 
metric (GC/MS) methods to detect derivatized metabolites of certain 
AHs in hydrolyzed bile (Solbakken et al. 1980; Solbakken & Palmork, 
1981; Gmur & Varanasi, 1982), but such work has generally been limited 
to a single parent compound. 

Recently, we have developed non-radiometric methods using high- 
performance liquid chromatography (HPLC) with fluorescence detection 
to estimate the exposure of English sole (Parophrys vetulus) from 
contaminated sites in Puget Sound to complex mixtures of aromatic 
compounds by measuring the concentrations of metabolites of these 
contaminants in fish bile (Krahn et al., 1984; 1986). The oil spill gave 
us the opportunity to apply our techniques in evaluating the exposure 
of white sturgeon (Acipenser transmontanus) to AHs from the oil. 

EXPERIMENTAL 

The sites for field collection of the fish were established WDOE sampling 
sites; none of these sites was known to have any previous petroleum 
contamination (Weston & Morson, 1985; Lewey Kittle, pers. comm.). 
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However, after the spill, oil and tarballs were found throughout  the 
water column and in the sediment of the sampling site 57 miles downriver 
from the spill. 

Five days after oil was spilled into the Columbia River, seven subadult 
white sturgeon were captured 57 miles downstream from the spill site 
(mile 30; Table 1). Two days later, four additional sturgeon were 
collected 13 miles above the spill (mite 100). Over the next week, four 
sturgeon were collected at a site 38 miles upstream from the oil spill 
(mile 125). Average lengths (.,~_+ SD) for the sturgeon were 81 +_ 14cm 
(downriver) and 73 _+ 20 cm (upriver). After capture, all fish were frozen 
and delivered to the Northwest and Alaska Fisheries Center in Seattle, 
Washington. 

The frozen fish were thawed and bile samples were removed from the 
gall bladders. Previously reported direct-injection HPLC techniques 
with fluorescence detection (Krahn et al., 1984; 1986) were used 
to estimate the concentrations of metabolites of selected aromatic 
compounds in bile. Fluorescence was measured at the benzo[a]- 
pyrene (BaP; 380/430nm, excitation/emission), phenanthrene (PHN; 
256/380nm) and naphthalene (NPH; 290/335nm) wavelength pairs. 
Integrated areas of peaks eluting after 7 min in the HPLC chromatograms 
were summed, and this area sum was converted to the concentration 
(ng/g, wet weight) of the particular reference standard (BaP, PHN or 
NPH) that would be present if the integrated area were attributed only 
to that compound.  This conversion of area sums to concentrations in 
terms of a reference standard does not mean that metabolites of that 
standard are the only ones present. Metabolites of other aromatic 
compounds can also fluoresce at the wavelength pair of the standard 
(see Krahn et al., 1984), and, therefore, if other metabolites are present, 
they also contribute to the area sum measurement. 

RESULTS 

Figure 1 shows the HPLC/fluorescence chromatograms (at the three 
wavelength pairs) of the bile from two white s turgeon--one captured 
57 miles downriver from the spill area and the other 38 miles upriver from 
the spill. A number of metabolite peaks appear in the chromatograms of 
bile from the downriver sturgeon. Note, however, that few metabolites 
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of aromatic compounds at retention times greater than 7 min were found 
in bile of the upriver sturgeon at any of the wavelength pairs examined. 

Concentrations of metabolites of aromatic compounds in sturgeon 
bile are given in Table 1. Sturgeon captured 57 miles downstream from 
the spill had mean concentrations of metabolites in bile measured at the 
BaP, PHN or NPH wavelength pairs that averaged 16, 22 and 8 times, 
respectively, those of the upriver sturgeon. Results of Student's t-test 
(one-tailed, Zar, 1984) showed that mean concentrations of metabolites 
in bile of the sturgeon captured downriver (mile 30) from the spill were 
significantly different (higher) than those of the sturgeon from the 
combined upriver (reference) sites at miles 100 and 125 (p < 0-005, p < 0.01 
and p<0.0025 for BaP, PHN and NPH wavelengths, respectively). 

DISCUSSION 

During the past few years, we have developed analytical methods to 
provide evidence of exposure of fish from chronically polluted marine 
environments to aromatic contaminants (Krahn et al., 1984; 1986). The 
oil spill in the Columbia River gave us an opportunity to test these 
methods in assessing the exposure of fish to petroleum hydrocarbons 
from the spilled oil. We found that, just 5 days after oil was spilled into 
the Columbia River, white sturgeon captured 57 miles downriver from 
the spill site already had elevated mean concentrations of metabolites 
of aromatic compounds in their bile. These were similar to mean 
concentrations found in bile of English sole captured from Eagle Harbor, 
a site in Puget Sound heavily contaminated with aromatic compounds 
(2100 _+ 1500 ng/g at the BaP wavelength pair, Malins et al., 1985; Krahn 
et al., 1986). At the same time, concentrations of metabolites of aromatic 
compounds in the bile of sturgeon from the upriver sites were comparable 
to those obtained for English sole from relatively clean sites in Puget 
Sound (e.g. 100_-_+ 89ng/g at the BaP wavelength pair for President 
Point, Malins et al., 1985). While it is likely that these sturgeon may 
also have been exposed to low levels of some aromatic compounds 
before the spill, this contribution would be small compared to that from 
exposure to the spill, based on our estimates of concentrations of bile 
metabolites in fish from the reference sites. 

Our HPLC/fluorescence method is a simple and rapid means of 
determining exposure of fish to aromatic hydrocarbons acquired from 
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spilled oil or from other environmental sources. The bile collected from 
fish can be processed rapidly due to the simplicity of  the direct injection 
technique (Krahn et al., 1984). Then, the quantitation of  the fluorescence 
response in terms of  the reference standard permits statistical compari- 
sons to be made between exposures of  fish from contaminated and 
reference sites. Previously described GC/MS methods (Solbakken et al., 
1980; Solbakken & Palmork, 1981; Krahn et al., 1984) could be used 
to quantitate individual metabolites in the bile, but these methods are 
time-consuming and more expensive. Thus, our techniques provide a 
rapid and relatively inexpensive means of  evaluating, in part, the impact 
of an oil spill on fish in its pathway. This method could possibly be 
applied to evaluate other point source discharges, such as those from 
municipal or industrial waste. 
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Abstract: Understanding population vital rates is fundamental to the evaluation of conservation options for wolver-
ines (Gulo gulo). We estimated survival rates and causes of wolverine mortality in trapped and untrapped popula-
tions within montane, boreal, and tundra environments using data from 12 North American radiotelemetry stud-
ies conducted between 1972 and 2001. Rates were based on data for 62 mortalities of 239 radiomarked wolverines.
Mortalities included 22 wolverines that were trapped or hunted, 3 road or rail killed, 11 that were predated, 18 that
starved, and 8 deaths of unknown cause. Annual survivorship rates were estimated for sex and age class using
Kaplan-Meier staggered-entry techniques. Survival was substantially lower in trapped (<0.75 for all age–sex classes)
than in untrapped (>0.84 for all age–sex classes) populations. Human-caused mortality was mostly additive to nat-
ural mortality for wolverines in a management context. Logistic growth rate estimates indicated that trapped pop-
ulations would decline (λ ≅ 0.88) in the absence of immigration from untrapped populations (λ ≅ 1.06). We rec-
ommend a system of spatial harvest controls in northern, continuous populations of wolverines and reduction of
harvest along with more spatially explicit conservation measures in southern metapopulations.

JOURNAL OF WILDLIFE MANAGEMENT 68(3):493–502
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493

The wolverine is a wide-ranging mustelid exist-
ing at low densities throughout much of north-
ern and western North America, Scandinavia,
and Eurasia (Wilson 1982, Hash 1987, Banci
1994). In North America, wolverines occur in the
northern boreal forest, taiga, and tundra from
Labrador to Alaska and in the western mountains
from Yukon south to Wyoming. Wolverines are
classed as endangered in Quebec and Labrador
and have protected status in Washington, Ore-
gon, California, Colorado, Idaho, and Wyoming
(Dauphine 1989, Banci 1994). In the remainder
of their range, wolverines are classed as furbear-
ers and are managed primarily through the tim-
ing of open trapping or hunting seasons. 

Overexploitation through hunting and trap-
ping, as well as predator poisoning programs, like-
ly caused wolverine populations to contract in the
eastern and southwestern portions of their histor-
ical range in North America since the early 1900s
(Banci 1994). Declines in Scandinavia have been

attributed to similar factors (Linden et al. 1994).
Within the current range, extensive human activ-
ities including human settlement, highway and
railway development, hunting and trapping, for-
est harvesting, mineral extraction, hydroelectric
development, and backcountry recreation contin-
ue to pressure wolverine populations and habitat. 

In exploited populations, age- and sex-specific
mortality rates are key attributes used to deter-
mine sustainable harvests (Caughley 1977, Wolfe
and Chapman 1987, Banci 1994). Coupled with
reproductive rates and population sizes, quanti-
tative estimates of population growth and sus-
tainable harvest rates can be calculated. However,
age- and sex-specific survival rates of wolverines
are not available to parameterize population
models. Wolverine population densities have
been estimated as high as 15.4 animals/1,000 km2

in Montana (Hornocker and Hash 1981), 4.7–5.2
animals/1,000 km2 in south-central Alaska (Beck-
er and Gardner 1992, Golden 1996), to as low as
1.3 animals/1,000 km2 in southwestern Yukon
(Banci 1987). At densities typically in the middle
to low ranges and reproductive rates of <1 kit per1 E-mail: john.krebs@bchydro.bc.ca
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adult female per year (post weaning; Magoun
1985, Copeland 1996), wolverine populations are
vulnerable to human-caused mortality. The ability
of wolverine populations to compensate (Wolfe
and Chapman 1987) for human-caused mortality
through reduced natural mortality and/or
increased reproduction has not been examined.

In most of the current North American wolver-
ine range, wolverine harvests are controlled
through regulated seasons and bag limits. Man-
agement strategies in some areas have empha-
sized maintenance of untrapped “refugia”
(Hatler 1989) within trapline areas. In other areas,
authorities have enacted trapping season closures
(e.g., Idaho, Washington, Wyoming, USA, and
southwestern British Columbia, Canada). Little
guidance is available regarding the importance
of refugia size, habitat characteristics, and prox-
imity of harvested areas to wolverine populations.
An effective management strategy must consider
population vital rates, home-range size, and dis-
persal characteristics. In addition to the effects of
harvest, productivity of wolverine populations
may vary depending on food distribution and
abundance, competition with other species, and

human-caused impacts such as roads, settlement,
and land use (Banci 1994, Lyon et al. 1994,
Weaver et al. 1996, Magoun and Copeland 1998).
Because wolverines are logistically difficult and
expensive to study, individual projects have been
unable to collect sufficient information to esti-
mate survival rates. Additionally, because man-
agement regimes and ecozones differed among
studies, comparisons in population attributes
were impractical. We synthesized available sur-
vival and mortality source data from 12 radio-
telemetry studies carried out in western North
America to compare survival rates among eco-
zones and management regimes. We also com-
pared natural and human-caused mortalities in
trapped and untrapped populations to assess
potential compensation in survival rates. We con-
sidered lower natural mortality in trapped popu-
lations as support for survival-rate compensation.

STUDY AREA
We compiled data from 12 radiotelemetry stud-

ies of wolverines conducted in North America
between 1972 and 2001 (Fig. 1). Study locations
included polar and southern Arctic habitat in
Alaska, USA, and Northwest Territories, Canada;
taiga in northern Yukon, Canada; boreal forest in
Alaska and Yukon; montane habitats in British
Columbia, Canada, and Montana, USA; and
Northern Rocky Mountain Forest in Idaho and
Wyoming, USA (Table 1; Wiken 1986, Demarchi
1994, Nowacki et al. 2001). We classified study
sites as tundra, boreal, or montane ecotypes. 

Tundra study areas were dominated by treeless
tussock tundra with shrubs in riparian areas.
Northern Yukon taiga was included in this cate-
gory. Climate in these areas was characterized by
short, cool summers and long, cold winters. Aver-
age February snow depths were 35–49 cm (Brown
et al. 2002). Elevations ranged from 360 to 1,800
m in the Alaska, Yukon, and Northwest Territo-
ries study areas. Migratory caribou (Rangifer
tarandus) was the dominant ungulate food source
for wolverines (Magoun 1985, Mulders 2001).
Small mammals such as Arctic ground squirrel
(Spermophilus parryi) also were important season-
al prey (Magoun 1987). 

Boreal study areas were characterized by spruce
(Picea spp.) forests intermixed with birch (Betula
spp.), aspen (Populus spp.), and shrubs in low-ele-
vation habitats. High-elevation habitats were
dominated by alpine tundra vegetation. Eleva-
tions ranged from 275 to 2,360 m. Climate in
these study areas was characterized by cool, dry

Fig. 1. Ecological zones and locations of wolverine
radiotelemetry studies in western North America between
1972 and 2001. 1 = Magoun 1985; 2 = B. Shults, U.S. Nation-
al Park Service, unpublished data; 3 = Mulders 2001; 4 = D.
Cooley, Renewable Resources–Fish and Wildlife Branch,
unpublished data; 5 = Gardner 1985; 6 = Golden 1993; 7 =
Banci 1987; 8 = Lofroth 2001; 9 = Krebs and Lewis 2000; 10
= Hornocker and Hash 1981; 11 = Copeland 1996; 12 =
Copeland 2000. Broad habitat categories were derived from
Wiken (1986), Demarchi (1994), and Nowacki et al. (2001).
Heavy black line indicates approximate wolverine distribution
(based on Hash 1987). Numbers correspond to descriptions
in Table 1.
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summers and cold, dry winters. Average February
snow depths were 30–47 cm (Brown et al. 2002).
Primary ungulate food sources for wolverines
were moose (Alces alces), caribou, and Dall’s
sheep (Ovis dalli; Gardner 1985, Banci 1987). Arc-
tic ground squirrels, snowshoe hare (Lepus ameri-
canus), and porcupine (Erethizon dorsatum) were
identified as important diet items. 

Montane study areas were characterized by rela-
tively steep mountainous terrain, diverse forest
habitats, alpine tundra at high elevations, cool
winters, warm summers, and moderate to high
precipitation. Average February snow depths were
100–140 cm (Brown et al. 2002). Elevations ranged
from 460 to 3,280 m. Primary ungulate food
sources for wolverines were moose and caribou in
north-central British Columbia; moose, caribou,
and mountain goats (Oreamnos americanus) in
southeast British Columbia; and elk (Cervus ela-
phus), deer (Odocoileus hemionus, O. virginianus),
and moose in Idaho, Montana, and Wyoming.
Small-mammal prey, such as ground squirrels
(Spermophilus spp.), porcupine, and hoary mar-
mots (Marmota caligata), have been identified as
seasonally important in some of these study areas
(J. Krebs, unpublished data; E. Lofroth, unpub-
lished data). As in tundra and boreal environ-
ments, the relative importance of other mammal
and bird prey to wolverines in montane environ-
ments is not well described, especially for summer.

Wolverines were classed as a furbearer or game
animal in 8 study areas and were trapped or hunt-

ed for their fur (Table 1). The southwest Yukon
study was conducted in an area where trapping
was not permitted. However, due to the small
study-area size (1,590 km2), trapping activity on
the perimeter of the study area, and the relative
level of harvest of the study population, this was
effectively a “trapped” sample population (Banci
1987). The same was true for the Montana study
(Hornocker and Hash 1981; M. Hornocker, Wild-
life Conservation Society, unpublished data),
where trapping was permitted during the first 2
years of the study and on the perimeter of this
small area (1,300 km2) for the duration of the
study. Although the central Northwest Territories
(Mulders 2001) and northwest Alaska (Magoun
1985) study areas had open trapping seasons, these
areas were so remote that effectively no trapping
occurred. Consequently, we classified these pop-
ulations as “untrapped.”  The Idaho (Copeland
1996) and Wyoming (Copeland 2000) studies
were conducted in untrapped wilderness areas.

METHODS

Capture
We captured wolverines using box traps (e.g.,

Copeland 1996, Krebs and Lewis 2000), barrel
traps (Hornocker and Hash 1981, Banci 1987), or
darting from a helicopter (e.g., Gardner 1985,
Magoun 1985, Golden et al. 2002). We trapped or
darted wolverines in areas where we believed cap-
tures were most likely to occur and areas that

Table 1. Locations, ecological zones, and management characteristics of 12 wolverine studies conducted in North America
between 1972 and 2001.

Study area Ecological Population  Habitat
No.a Location                 size (km2) Source zone management   managementb

1 Northwest Alaska 2,400 Magoun 1985 Polar Untrapped HU  
2 Northwest Alaska 22,000 Shultsc Polar Trapped HU  
3 Central Northwest Territories 2,000 Mulders 2001 Southern Arctic Untrapped HU  
4 Northern Yukon 6,000 Cooleyd Taiga Cordillera Trapped HU  
5 South-central Alaska 7,700 Gardner 1985 Boreal Cordillera Trapped HS  
6 South-central Alaska 4,000  Golden et al. 1993 Boreal Cordillera Trapped HU, RC
7 Southwest Yukon 1,590  Banci 1987 Boreal Cordillera Trapped PA  
8 North-central British Columbia 8,900  Lofroth 2001 Montane Cordillera Trapped FL,TC,HS,MN  
9 Southeast British Columbia 7,000  Krebs and Lewis 2000 Montane Cordillera Trapped FL,TC,RC,HS  

10 Montana 1,300  Hornocker and Hash 1981 Montane Cordillera Trapped FL,TC,HS  
11 Central Idaho 8,000 Copeland 1996 Northern Rocky Untrapped PA,RC,HS  

Mountain Forest
12 Wyoming 1,500 Copeland 2000 Northern Rocky Untrapped PA,RC,HS  

Mountain Forest

a Study numbers correspond to Fig. 1.
b Habitat management: FL = Forest harvesting; MN = Mineral extraction; RC = Backcountry recreation; TC = Major transporta-

tion corridor; HU = unpopulated; HS = sparsely populated; PA = protected area.
c B. Shults, U.S. National Park Service, unpublished data.
d D. Cooley, Renewable Resources–Fish and Wildlife Branch, unpublished data.
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were logistically accessible within the confines of
project study areas. We immobilized wolverines
using ketamine hydrochloride (HCl; e.g., Hash
and Hornocker 1980, Copeland 1996) or with
mixtures of tiletamine HCl and zolazepam HCl
(e.g., Golden et al. 2002), phenylcyclidine and
xylazine (e.g., Magoun 1985), or etorphine and
xylazine (e.g., Gardner 1985) delivered via a pole
syringe or tranquilizer dart. Wolverines were
radiomarked with Telonics MOD315 or MOD335
radiocollars (Telonics, Inc., Mesa, Arizona, USA)
or surgically implanted with Telonics IMP300 or
IMP400 radiotransmitters by a veterinarian.
Radiotransmitters were equipped with mortality
sensors.

We classified wolverines as subadults (≤2 yr old)
and adults (>2 yr old). Wolverines are reported as
reproductively mature between age 2 and 3
(Banci 1994). Poole et al. (1994) reported diffi-
culty in discriminating age of wolverines based
on cementum annuli alone and found the pro-
portion of pulp in tooth sections could accurate-
ly separate animals <16 months from those >16
months-of-age. Because wolverine parturition
spanned the period of captures in our study (i.e.,
Jan–Apr; Magoun and Copeland 1998), we
assigned age 1 (subadult) to wolverines on the
basis of premolar or canine (postmortem) tooth-
section characteristics and age 2+ (adult) based
on tooth section and on tooth wear, the presence
of cataracts, pelage appearance, or nipple and
testes size (Magoun 1985). We chose 1 March as
the birth date for all wolverines based on report-
ed denning times for female wolverines (Magoun
and Copeland 1998; J. Krebs, unpublished data;
E. Lofroth, unpublished data). Juveniles (age ≤4
months) that were captured and radiomarked

with their mother were considered as subadults
in the analysis.

Monitoring
Radiomarked wolverines were relocated at least

monthly via aircraft. Mortalities were investigat-
ed on the ground immediately following detec-
tion. Postmortem necropsies were conducted
whenever possible. We broadly classified causes
of death as natural (starvation, predation, un-
known) or human caused (trapped–hunted,
road–rail kill). We did not include in our analyses
18 deaths of radiomarked wolverines that
occurred after they were no longer being regu-
larly monitored (Table 2). Wolverine deaths (n =
7) attributed to research activities also were not
included in analyses.

Statistical Analysis
We estimated annual survivorship rates for each

age–sex class (adult female, subadult female,
adult male, subadult male) by ecological zone
(montane, boreal, tundra) and management
regime (trapped, untrapped). We used a boot-
strapped Kaplan-Meier technique (Pollock et al.
1989) following McLellan et al. (1999) to accom-
modate staggered entry of individuals into and
out of the data set. We used retrospective 2-way
analysis of variance (ANOVA) to compare boot-
strapped survival rates among management
regimes, habitats, and age–sex classes. A 3-way
ANOVA was not possible because 1 cell (“boreal
untrapped”) of the design was empty. Two retro-
spective 2-way ANOVAs also were used to com-
pare rates of mortality associated with natural
and human-caused factors by age–sex, manage-
ment regime, and ecological zone.

Table 2. Wolverine mortalities from 12 radiotelemetry studies conducted in North America between 1972 and 2001. The number
of wolverines includes all animals monitored for >10 days. Mortalities include natural and human-caused deaths of monitored
wolverines. Excluded mortalities list wolverines that died after regular monitoring ceased.

Management No. of Wolverine- Excluded
Study area location Ecotype regime wolverines years Mortalities mortalities 

Northwest Alaska  Tundra Untrapped 20 12.94 0 1  
Central Northwest Territories Tundra Untrapped 28 24.66 1 3  
Northwest Alaska  Tundra Trapped 15 6.36 5 2  
Northern Yukon Tundra Trapped 13 7.04 2 0  
South-central Alaska  Boreal Trapped 10 4.61 3 1  
South-central Alaska  Boreal Trapped 21 21.41 8 4  
Southwest Yukon Boreal Trapped 9 5.45 6 1  
North-central British Columbia Montane Trapped 40 30.96 11 2  
Southeast British Columbia Montane Trapped 49 56.82 15 4  
Montana Montane Trapped 15 5.92 4 0  
Central Idaho Montane Untrapped 16 26.00 7 0  
Wyoming Montane Untrapped 3 5.26 0 0  
Total   239 207.43 62 18 
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Population Growth Simulations
To explore the effect of human-caused mortali-

ties on population growth, we estimated lambda
using our adult and subadult female survival rates
bounded by their respective standard errors as
well as 3 reproductive rates (0.25, 0.375, 0.5
females/adult female/yr) that bracket reported
rates of 0.3 (Persson 2003), 0.345 (Magoun 1985),
and 0.445 (Copeland 1996) from untrapped pop-
ulations. We set age at first parturition at 3 years
(Banci 1994, Copeland 1996, Magoun 1985, Pers-
son 2003). Maximum age was set at 13 years for all
simulations because this was the maximum age of
carcass samples reported in Banci (1987) and
Liskop et al. (1981). We did not vary reproductive
rates by age or density because the relationship
between these variables was unclear. Density-
dependent compensation in reproduction is
unlikely because unpredictable environmental
conditions are likely far more influential in low-
density populations (Taylor et al. 1987). Al-
though we lack detailed demographic data from
wolverine populations across a range of densities,
recent work by Persson (2003) highlights the
importance of winter food availability and repro-
ductive status the previous year as determinants
of reproductive success in wolverines. Because
winter food availability (i.e., ungulate carrion)
for wolverines is suggested to vary with environ-
mental conditions (van zyll de Jong 1975), varia-
tion in reproductive rates is most likely driven by
stochastic rather than density effects.

RESULTS
In the 12 studies, 239 wolverines (110 F, 129 M)

were radiomarked and monitored for 207.4
radiotracking years (Table 2). Sixty-seven wolver-

ines from 4 studies in Idaho, Wyoming, Alaska,
and Northwest Territories were monitored in un-
trapped populations. The remaining 172 animals
were from trapped populations in Montana,
British Columbia, Yukon, and Alaska. Sixty-two
(25.9%; 35 M, 27 F) wolverines died while being
monitored (Table 3). 

Human-caused mortality (22 trapping–hunting
and 3 road–rail kills) accounted for 25 of 54 (46%)
deaths in trapped populations and was not detect-
ed in untrapped populations (Table 3). Eleven of
25 human-caused mortalities were of subadult male
wolverines. Starvation was the most common nat-
ural mortality source within trapped populations
followed by predation and unknown (Table 3). Pre-
dation deaths included attacks from wolves (Canis
lupus), mountain lions (Felis concolor), and con-
specifics. In untrapped populations, numbers of
wolverines dying from starvation, predation, and
unknown natural mortalities were similar (Table 3).

Survival rates differed markedly between man-
agement regimes (F1,281 = 12.86, P < 0.001) but
were similar among age–sex class (F3,281 = 2.50, P =
0.06; Table 4). The interaction between age–sex
class and management regime was not significant
(F3,281 = 1.82, P = 0.143). Survival rates in un-
trapped populations were substantially higher than
trapped populations (Table 4). Within age–sex
classes, subadult males had the lowest survival.

We detected significant variation in survival
among ecological zones (F2,281 = 6.12, P = 0.003)
and a nonsignificant age–sex effect (F3,281 = 2.13,
P = 0.097). The interaction between habitat and
age–sex was not significant (F6,281 = 0.78, P = 0.583).
Survival estimates derived from tundra popula-
tions were higher than those in boreal and mon-
tane groups (Table 4). However, because survival

Table 3. Sources of wolverine mortality by age–sex class in trapped and untrapped study groups. Data were compiled from 12
radiotelemetry studies completed in western North America between 1972 and 2001. Wolverines were considered adults at 2
years-of-age.

Mortality source
Management Natural  Human caused    

regime Age–sex class Predation Starvation Unknown  Trapped/Hunted Road/Rail  

Trapped Adult female 0 4 1  5/0 0/0   
Adult male 2 5 0  6/0 0/0   
Subadult female 3 4 1  2/0 0/1   
Subadult male 4 3 2  8/1 2/0  

Subtotal  9 16 4  21/1 2/1       
Untrapped Adult female 1 1 1  0 0   

Adult male 1 1 0  0 0   
Subadult female 0 0 3  0 0   
Subadult male 0 0 0  0 0  

Subtotal  2 2 4  0 0        
Total  11 18 8  22 3  
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rates of 1.0 are unachievable, tundra rates require
larger sample sizes in several age–sex classes to
detect mortalities. Survival data from untrapped
boreal wolverine populations were not available. 

Natural survivorship rates did not differ signifi-
cantly among the combined management–ecolog-
ical zone groups (F4,273 = 2.22, P = 0.067; Table 5)
or by age–sex (F3,273 = 1.07, P = 0.364). We found no
significant interaction between management–eco-
logical zone and age–sex (F12,273 = 1.26, P = 0.245). 

Within trapped populations, survival rates associ-
ated with human-caused mortalities did not differ
significantly by ecological zone (F2,201 = 1.46, P =
0.235) or by age–sex class (F3,201 = 2.31, P = 0.078).
The interaction between habitat and age–sex class
was not significant (F6,201 = 0.62, P = 0.715; Table
6). Although subadult males experienced lower
survival than other age–sex groups, human-caused
mortalities were present in all age–sex groups.

DISCUSSION
Banci (1994) reported mortality percentages of

radiomarked wolverines from trapped and un-

trapped populations to suggest annual mortality
rates of 0.025 to 0.20 (mean = 0.106). However,
Banci (1994) did not apply staggered-entry proce-
dures (Pollock et al 1989) in estimating mortality
rates, likely resulting in a significant negative bias.
Further, Banci (1994) did not provide separate esti-
mates for sex and age classes. Our data suggest that
annual mortality rates (i.e., 1 – annual survival rate)
in trapped populations are much higher (0.27 to
0.55 depending on age–sex class; pooled ecological
zones Table 4), while mortality rates in untrapped
areas were similar (0.0 to 0.15; pooled ecological
zones Table 4) to those reported by Banci (1994). 

The strength of the difference in survival
between trapped and untrapped populations of
wolverines in our study suggests that trapping had
a significant effect on population demography.
Nearly half of all wolverine mortalities recorded
in trapped populations were human caused. These
mortalities occurred across all age–sex classes but
were most prevalent within subadult males.
Greater encounter rates with human-caused mor-
tality sources (traps, roads) for young, inexperi-

Table 4. Wolverine annual survival rates by ecological zone and management regime. Rates were estimated from 12 North Amer-
ican radiotelemetry studies conducted between 1972 and 2001. Wolverines were considered adults at 2 years-of-age. Standard
errors were generated by bootstrap samples of survivorship data for each group. Groups represent pooled data among studies
within the same ecological zone and/or management regime.

Annual survival rate (±SE)
Ecological Management Wolverine- Adult Adult Subadult Subadult 

zone regime Deaths years female male  female male

Tundra Untrapped 1 37.60 1.0 (0) 1.0 (0) 0.92 (0.082) 1.0 (0)  
Boreal Untrapped no data no data no data no data no data no data  
Montane Untrapped 7 31.26 0.69 (0.149) 0.80 (0.129) 0.73 (0.167) 1.0 (0)
Tundra Trapped 7 13.40 1.0 (0) 1.0 (0) 0.50 (0.382) 0.35 (0.195)
Boreal Trapped 17 31.47 0.60 (0.167) 0.62 (0.155) 0.64 (0.141) 0.36 (0.181)
Montane Trapped 30 93.70 0.78 (0.083) 0.73 (0.081) 0.72 (0.101) 0.55 (0.119)
Pooled Trapped 54 138.57 0.73 (0.076) 0.74 (0.062) 0.69 (0.080) 0.45 (0.088)
Pooled Untrapped 8 68.86 0.88 (0.065) 0.87 (0.095) 0.85 (0.082) 1.0 (0)
Tundra Pooled 8 51.10 1.0 (0) 1.0 (0) 0.87 (0.089) 0.64 (0.121)
Boreal Pooled 17 31.47 0.60 (0.161) 0.62 (0.155) 0.64 (0.141) 0.36 (0.181)
Montane Pooled 37 124.96 0.76 (0.071) 0.74 (0.069) 0.72 (0.085) 0.70 (0.088)

Table 5. Wolverine annual survivorship rates by management regime, ecological zone, and age–sex class based on natural mortali-
ties only. Rates were estimated from 12 radiotelemetry studies completed in western North America between 1972 and 2001. Groups
represent pooled data among studies within the same ecological zone and management regime. Wolverines were considered adults
at 2 years-of-age. Standard errors (in parentheses) were generated by bootstrap samples of survivorship data for each group.

Management 
regime Habitat Adult female Adult male              Subadult female           Subadult male 

Trapped Tundra 1.0 (0) 1.0 (0) 0.50 (0.377) 0.44 (0.232)   
Boreal 0.89 (0.107) 0.92 (0.075) 0.64 (0.144) 0.80 (0.196)   
Montane 0.87 (0.061) 0.83 (0.065) 0.86 (0.077) 0.82 (0.083)  

Untrapped Tundra 1.0 (0) 1.0 (0) 0.92 (0.082) 1.0 (0)   
Boreal no data no data no data no data   
Montane 0.69 (0.149) 0.80 (0.129) 0.73 (0.167) 1.0 (0)  
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enced males during dispersal may explain this
observation. We speculate that because natural
mortalities occurred independent of management
regime, harvest was additive mortality. Additional
data, particularly from untrapped populations,
would improve our ability to interpret this result.
In simulations, McLellan et al. (1999) suggested
that for grizzly bears (Ursus arctos), at least 42 ani-
mals in each age–sex class would be required to
detect 5% differences in survival.

For trapped populations, estimates of λ clearly
suggest potential population declines in all but
the most favorable survival and reproductive rate
scenarios (Table 7). The best estimate (using
mean adult and subadult survival, reproductive
rate = 0.375) suggests a 12.2% annual decline (λ
= 0.878) in the absence of immigration from
untrapped areas. In contrast, λ is increased in
most of the scenarios modeled for untrapped
populations (Table 7). Based on these simula-
tions, untrapped populations are capable of
increasing at 6.4% per year (λ = 1.064). 

As with other low-density species, such as polar
bear (Ursus maritimus; Taylor et al. 1987) and griz-
zly bear (Hovey and McLellan 1996), maintaining
high annual survival (≥0.85) of adult female
wolverines is central to sustaining populations
and harvest (Eberhardt 1990). Because wolverine
trapping techniques are nonselective with
respect to sex and age, conservative harvest
strategies are required. At harvest rates experi-
enced during the timespan of this dataset,
trapped populations likely were declining or
being maintained via immigration from un-
trapped refugia. Because trapping occurs in most
jurisdictions within the western North American
range of the wolverine, the presence and spatial
distribution of source populations within protect-
ed refugia may be critical to the persistence of
wolverines in harvested areas. Resiliency of
wolverine populations to harvest and fluctuations
in food abundance is considered to be lower than
grizzly bears (Weaver et al. 1996). 

During the past century, wolverine distribution
in North America has contracted substantially
along the species’ southern boundary (van zyll de
Jong 1975). Factors proposed to explain reduc-
tions invariably include human exploitation and
changes in prey distribution and abundance.
Overexploitation of the wolverine in Scandinavia
drove populations nearly to extirpation until pro-
tection was granted in Sweden and Norway
(Landa et al. 1997). Our results confirm the strong
potential effect of harvest on survival and there-
fore persistence of wolverines in North America. 

We found significant differences in survival
among habitats. However, because the boreal
ecological-zone group did not include untrapped
population data, we were unable to control for
the effect of management regime on survival.
Therefore, this result possibly is spurious. Addi-
tional survival data from untrapped tundra, and
particularly untrapped boreal forest, would
improve knowledge of baseline wolverine demog-
raphy. However, statistical support for quantify-
ing subtle differences in vital rates likely will con-
tinue to be weak since sample size requirements

Table 6. Wolverine annual survivorship rates based on human-caused mortalities only, by ecological zone and age–sex class in
trapped populations. Rates were estimated from 8 radiotelemetry studies completed in western North America between 1972 and
2001. Groups represent pooled data among studies within the same ecological zone. Wolverines were considered adults at 2
years-of-age. Standard errors (in parentheses) were generated by bootstrap samples of survivorship data for each group.

Habitat Adult female Adult male                      Subadult female                  Subadult male 

Tundra 1.0 (0) 1.0 (0) 1.0 (0) 0.80 (0.133)  
Boreal 0.70 (0.152) 0.67 (0.162) 1.0 (0) 0.48 (0.194)  
Montane 0.89 (0.073) 0.88 (0.071) 0.84 (0.089) 0.67 (0.128)  

Table 7. Population growth rates for trapped and untrapped
wolverine populations based on survivorship rates estimated
from 12 North American radiotelemetry studies conducted
between 1972 and 2001. Growth rates are modeled for the
mean (±SE) of adult and subadult survivorship rates. Growth
rates are modeled for 3 different reproductive rates (R; female
kits/adult female/year). Maximum age in the model is estimat-
ed at 13; first age of parturition is estimated at 3.

Survivorship          Logistic rate of population growth (λ)  
rates                    R = 0.25    R = 0.375    R = 0.5  

Trapped populations     
Adult (+SE); Subadult 

(+SE) 0.914 0.972 1.020  
Adult (mean); Subadult 

(mean) 0.825 0.878 0.920  
Adult (–SE); Subadult 

(–SE) 0.736 0.783 0.821  
Untrapped populations     
Adult (+SE); Subadult 

(+SE) 1.081 1.151 1.207  
Adult (mean); Subadult 

(mean) 1.000 1.064 1.116  
Adult (–SE); Subadult 

(–SE) 0.920 0.979 1.026 
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are considerable (McLellan et al. 1999). Mar-
itime habitats, which extend from Alaska to Ore-
gon along the Pacific coast, also are completely
lacking in wolverine demographic data. Very lim-
ited reproductive rate data also hampers our
understanding and conservation of North Amer-
ican wolverine populations. 

MANAGEMENT IMPLICATIONS
Our data show sustained harvest of wolverine

populations likely is maintained by dispersal
from untrapped refugia. The ability of refugia to
continue to support harvest in neighboring areas
may be threatened by human activities that dis-
place or diminish source populations or frag-
ment habitat, particularly in the southern (south-
ern British Columbia, Idaho, Montana, Wyoming)
portion of their range. Even in the northern Arc-
tic regions of Northwest Territories and Nunavut,
which historically provided expansive refugia for
wolverines, snowmobile-assisted access has
changed the spatial distribution of the harvest.
Since untrapped populations are potentially
capable of increasing at 6.4% per year and
trapped areas are potentially decreasing at 12.2%
per year, refugia need to cover twice as much sim-
ilarly productive wolverine habitat as harvested
areas to support harvests that reflect our ob-
served survivorship values. Protected areas that
are targeted to include no more than 12% of the
landbase (World Commission on Environment
and Development 1987, British Columbia Com-
mission on Resources and Environment 1994)
cannot fulfill the role of refugia alone. Addition-
al modeling will be needed to refine the size and
distribution of a functional refugia system. Work
on grizzly bears clearly suggests that population
density and surrounding management context
strongly influence reserve sizes (Wielgus 2002).

In continuous populations such as those in the
boreal forest and tundra ecosystems of northern
British Columbia, Yukon, Alaska, Nunavut, and
Northwest Territories, a system employing spatial
controls (McCullough 1996) of trapped and large
untrapped areas might ensure long-term persis-
tence of the wolverine. These untrapped refugia
would need to encompass sufficient reproductive
habitat to generate dispersers (Magoun and
Copeland 1998). 

In southern British Columbia, registered trap-
line tenures are too small (50–1,000 km2) to con-
tain viable refugia. Evidence from Banci (1987)
and Hornocker and Hash (1981) demonstrate
the futility of small (<1,600 km2) trapping

refuges. Within southern, fragmented popula-
tions—where dispersal ability among units may
be impaired—conservative harvest strategies that
include intensive management and monitoring
may be necessary to conserve metapopulations
(McCullough 1996). In some areas, harvest
should be reduced to protect wolverine metapop-
ulations and reduce subpopulation extirpation
risk. Future harvest should be managed spatially,
by defined metapopulation units. The continued
functioning of dispersal linkages between and
among southern British Columbia, Alberta, Mon-
tana, Idaho, and Washington is essential to long-
term persistence of wolverines in the southern
portion of their range. 
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MORTALITY OF LARGE MAMMALS ON RAILWAY TRACKS*
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As linear structures, railways (rail corridors) significantly affect life in the wild, have negative impact on animal population levels, 
and affect the very form and structure of inhabited biotopes. This article analyses and quantifies mammal mortality on the Plzeň–
Horažďovice suburban railway line. The research was conducted over the 12 months from 1 January 2009 to 31 December 2009. 
During this period total 60 animals were run down, among them, 60% of collisions were with roe deer (Capreolus capreolus), 17% 
with European hare (Lepus europaeus), 13% with pheasant (Phasianus colchicus), 5% with bird of prey, 3% with wild board (Sus 
scrofa) and 2% with and red fox (Vulpes vulpes). The aim of the research was to analyse in detail individual sections of the track, 
whose land cover, land use, migration rate and wildlife-train collisions vary. The outcome of this work is to evaluate and assess the 
overall animal mortality and to determine the most affected wildlife species. The aforementioned results show that rail transport is 
dangerous for wild mammals, and it can be clearly said that the most endangered species is roe deer (Capreolus capreolus).

game; migration; barrier effect; population; population fragmentation

INTRODUCTION

The issue of mammal mortality, often discussed in con-
nection with road transport, is known only marginally in 
relation to railways. The length of railway lines in the 
Czech Republic was 9,430 km as at 31 December 2008, 
of which 3,078 km are electrified railways and 6,352 are 
non-electrified railways. On average, 9,000 passenger 
trains criss-cross the Czech Republic every 24 hours. 
Based on these facts, there is no doubt that with this inten-
sity of rail traffic there are frequent wildlife-train colli-
sions. There are, however, very few Czech studies that 
have focused on this issue. Foreign publications about the 
influence of rail transport on wildlife migration and mor-
tality include, for example, B a r r y ,  A i t k e n  (1991), 
B e c k e r ,  G r a u v o g e l  (1991), G u n d e r s e n ,  A n -
d r e a s s e n  (1998), R o d r i g u e z  et al. (1996) and 
S e l m i ć  et al. (2010).

The frequency of wildlife crossing railway lines is in-
fluenced by a number of factors, the most significant of 
them are: (i) character of the surrounding landscape and 
concentration of mammals in the vicinity, (ii) grade level 
(height) of the railway in relation to the geomorphology 
of the surrounding terrain (large mammals run onto the 
railway particularly in those places where the grade level 
of the railroad is at the level of the surrounding terrain), 
(iii) age of the railway (mammals run more often onto 
newly constructed railways), and (iv) food and migration 
needs of mammals.

Generally, routes with high traffic create obstacles that 
are difficult for the mammals to overcome during their 
migration, and these are directly life-threatening for the 
mammals due to animal-vehicle collisions (T r o c m é , 
2003). For large mammals, routes are usually not an ab-

solutely impermeable barrier. That is only the true in 
cases of high traffic density or fencing. Traffic density, 
speed of vehicles and overall technical design of routes 
are the main aspects influencing the extent of the barrier 
effect (A a n e n  et al., 1991; I u e l l  et al., 2003 etc.).

The phenomenon known as population fragmentation 
is thus becoming a serious and very complicated issue of 
environmental protection and can have catastrophic con-
sequences for the future structure of ecocenoses, biotopes 
and consequently also entire ecosystems. Therefore, there 
are efforts to protect the integrity of valuable areas by 
means of various legislative instruments not only on the 
national but currently also on the European level (H l a -
v á č ,  A n d ě l , 2001; I u e l l  et al., 2003). Isolated loca-
tions gradually lose their ability to perform their natural 
functions as places for the existence of viable animal pop-
ulations and where these populations are able to reproduce 
repeatedly. 

Monitoring of traffic routes’ impacts on wild mammals 
is described in C l e v e n g e r ,  Wa l t h o  (2005), F a h -
r i g ,  R y t w i n s k i  (2009), S a e k i ,  M a c d o n a l d 
(2004) and elsewhere. Mammals and birds tend to be very 
vulnerable to rail transport, as shown also by studies con-
ducted in Spain, the Netherlands and Czech Republic 
(B r a n d j e s ,  S m i t , 1999; Va n  d e r  G r i f t , 1999; 
H a v l í n , 1987,). Differences in mortality between spe-
cies are well documented by the research of train-animal 
collisions on Spain’s Madrid–Sevilla railway line. Along 
this railway, the annual mortality was estimated to be 36.5 
run-down individuals/km (SCV, 1996). Around 57% of 
these victims were birds and 40% were mammals, while 
only 3% were reptiles and amphibians. European and 
North American studies show that many species of wild 
mammals are often killed by rail transport (Va n 
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T i g h e m , 1981; C h i l d ,  S t u a r t , 1987; B e l a n t , 
1995; We l l s , 1996).

An important issue, however, is what part of a popula-
tion is actually affected by mortality on routes, or, more 
precisely, railways. The published data vary considerably 
depending on the specific research location. For example, 
I u e l l  et al. (2003) and T r o c m é  (2003) state that trans-
portation kills some 5% of the population of common spe-
cies (red fox, roe deer, wild boar). Swiss research (R i g -
h e t t i  et al., 2003) focused on deaths of roe deer and red 
deer (data from 1999) points to the fact that mortality 
caused by traffic is clearly the most common cause of 
death for both species (49.3% for roe deer, 33.2% for red 
deer). The second most commonly stated cause of death 
of roe deer (Capreolus capreolus) is agricultural technol-
ogy (19.8%), followed by other factors (9.1%), then age 
and diseases (7.1%). The second most common cause of 
death of red deer (Cervus elaphus) is other accidents (fall, 
avalanche, etc.), followed by other causes (14.7%), and 
then age and diseases (12.2%). The results show that the 
specific situation in a given territory must always be taken 
into account.

Species particularly sensitive to barrier effect and traf-
fic mortality are: (i) rare species with small local popula-
tions and large individual territories, such as large carni-
vores (otter, lynx, etc.), (ii) species that migrate daily or 
seasonally between local biotopes (some ungulates use 
various environments during daytime and because of that 
they must cross roads and railways in most cases), (iii) 
species with long seasonal migrations from summer to 
winter territories, such as moose or reindeer (P f i s t e r , 
1999; I u e l l  et al., 2003).

According to H u i j s e r  and M c G o w e n  (2003), 
animal-vehicle collisions affect human beings’ safety, their 
property and the animal population itself. In the USA, the 
total number of collisions with large ungulates has been 
estimated at more than 1 million a year.

Similar figures are available in Europe as well. In Eu-
rope (apart from Russia), more than a half million vehicle-
ungulate collisions are recorded each year. These cause at 
least 300 human deaths, 30,000 human injuries, and prop-
erty damage of more than EUR 1 billion (T r o c m é , 2003). 
These figures show an increasing trend. Some species of 
mammals have come to the brink of extinction due to col-
lisions with vehicles and trains. 

MATERIAL AND METHODS

The period of study was from January to December 
2009 and was monitored section of the railway line be-
tween Plzeň and Horažďovice suburb is interwoven with 
18 hunting districts: Horažďovice, Velký Bor, Třebo mys-
lice, Pačejov, Milčice, Štírka Myslív, Nekvasovy, Mohel-
nice, Klášter, Srby Sedliště, Chejlava, Vlčice, Ždírec, 
Blovice, Zdemyslice, Žákava, Šťáhlavy and Starý Plzenec. 
Roe deer (Capreolus capreolus) populate all of those hunt-
ing districts named, and there are small numbers of com-
mon pheasant (Phasianus colchicus) and European hare 

(Lepus europaeus). Moreover, wild boar (Sus scrofa) and 
red fox (Vulpes vulpes) regularly occur in all of the hunting 
districts. Mouflon (Ovis musimon), fallow deer (Dama 
dama) and red deer (Cervus elaphus) occur locally along 
the monitored railway. In the Velký Bor hunting district, 
rock partridge (Alectoris graeca) occurs as well.

Species of animals occurring in individual localities 
were obtained from individual gamekeepers or workers of 
municipal environmental departments. Along the railway 
line in the monitored section, fields and grasslands make 
up 84.2%, forest 10.1% and brush 5.7% of the represented 
biotopes. The railway line was monitored by train drivers 
who passed through this section within the monitored pe-
riod. They recorded the numbers of run-down animals 
along the line and localized the surroundings of any site 
of collision (forest, field, brushwood). Data acquired in 
this way were continuously collected and recorded in 
a field diary. In addition, the precise kilometer mark of the 
finding was recorded for every run-down animal accord-
ing to the track kilometer system of the Czech Railways, 
particularly to enable precise identification of the section 
of railway with the highest number of run-down animals 
and to exclude inaccuracies arising from the possibility 
that two train drivers would record the same run-down 
animal for a kilometer of track. Game species that was run 
down by the driver when driving was recorded, as well as 
wildlife that was seen along the track and had been already 
run down by another rail vehicle. During the entire period, 
several walking inspections along the track were carried 
out, whereby photo documentation was taken and the sur-
roundings of the track were described in individual sec-
tions. Also a video record of the railway track on the line 
between Plzeň and Horažďovice suburb was made using 
a video camera placed behind the front window of the train 
as agreed with the train driver.

When calculating the number of collisions of the most 
affected animals the number of trains on the line between 
Plzeň and Horažďovice suburb was first determined ac-
cording to the Czech Railways timetable for 2008/2009, 
with differentiation for weekdays, Saturdays, Sundays and 
public holidays. When calculating the animal-rail vehicle 
collision for each month separately, the procedure was 
such that the number of run-down individuals of the given 
species in individual months was divided by the number 
of train kilometers for each month, which gave the number 
of run-down individuals per 1 km of track. The data ob-
tained were further examined to identify, in which biotope 
the animal-train collisions occurred.

The monitored section of the railway is traversed by 
326 passenger trains per week. Moreover, it was necessary 
to add freight trains, which amounted to 126 according to 
the findings of the drivers. Daily average for the monitored 
section of the track is thus 65 passenger and freight 
trains. 

Statistical analysis was carried out using Kruskal-Wal-
lis ANOVA and basic statistical variables. Numbers of 
individual species of animals run down on the track were 
compared. This test also analysed in which locations (for-
est, field, brush) the collisions are most frequent. Further-
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more, the measured data were analysed using chi-square 
test (observed vs. expected frequency). This test was used 
to determine whether the species of mammals are run 
down with the same regularity in individual months. The 
differences between run-down species of animals and be-
tween the localities where the collisions occur were graph-
ically illustrated using cluster analysis. 

RESULTS AND DISCUSSION

The data obtained were evaluated by a combination of 
several procedures on the basis of which we found that out 
of the total number of 60 wildlife-rail vehicle collisions 2 
individuals were run down in January, 15 individuals in 
February, 4 in March, 5 in April, 4 in May, 3 in June, 4 in 
July, 5 in August, 5 in September, 4 in October, 4 in No-
vember, and 5 in December (Fig. 1). 

By means of Kruskal-Wallis ANOVA, we recorded 
a statistically significant difference between the animals. 
[H (5, N = 72) = 40,89313 p = 0.0000) and Chi-square = 
34,95201 sv = 5 p = 0.0000]

According to this test we recorded statistically sig-
nificant difference in number of run down animals be-
tween roe deer (Capreolus capreolus) and pheasant (Pha-
sianus colchicus) (p = 0.469), between roe deer 
(Capreolus capreolus) and wild board (Sus scrofa) (p = 

0.0001), between roe deer (Capreolus capreolus) and red 
fox (Vulpes vulpes) (p = 0.0000), and between roe deer 
(Capreolus capreolus) and bird of prey (p = 0.0002).

When we examined the regularity of animal-train col-
lisions in individual months in the monitored section of 
track using chi-square test (observed vs. expected fre-
quency), we obtained these results:
• Roe Deer – chi-square = 12.66667, sv = 11, p = 

0.315674
• Hare – chi-square = 6.800027, sv = 11, p = 0.815037
• Pheasant – chi-square = 1.000000, sv = 1, p = 

0.317311
These results show that at the significance level of p = 

0.05 there was no demonstration as to a statistically sig-
nificant difference in animal-vehicle collisions between 
individual months.

Figs 2 and 3 indicate mortalities for individual species, 
which most often occur in places where there is a field or 
meadow. This can be explained by the fact that the land-
scape in the surroundings of the monitored track is mostly 
made up by fields or meadows (84.2%), where animals 
migrate to obtain food. 

Fig. 4 clearly demonstrates how animal-vehicle colli-
sions occur more frequently in fields and meadows, but 
Kruskal-Wallis ANOVA showed no statistically significant 
difference between the localities of the environments 
where these collisions occur [H (2, N = 18) = 4.012346, 
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Fig. 1. Mortality of roe deer (Capreolus capreolus), European hare (Lepus europaeus) and common pheasant (Phasianus colchicus) and other animals 
in the monitored part of the railway
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p = 0.1345 and chi-square = 1.333333 df = 2 p = 0.5134], 
and that was true also in relation to the different dimen-
sions of individual areas that had not been taken into ac-
count.

At present, further research is known in the Czech Re-
public that is being conducted on the railway line between 
Trhový Štěpánov and Benešov u Prahy (J a n k o v s k ý , 
Č e c h , 2001). It is a 33-km railway track, which crosses 
a number of very different biotopes and allows a more 
comprehensive view on the entire issue. The first research 
on this track was carried out in winter 1999–2000 and 
consisted of several walking examinations along the track 
and analyses of skeletal findings of animals run down by 
trains. The analysis showed that the most affected species 
mainly comprise roe deer (Capreolus capreolus) and Eu-
ropean hare (Lepus europaeus). Leporids were run down 

in 32%, even-toed ungulates in 22% (roe deer in the abso-
lute majority of cases), carnivores in 18%, birds in 10%, 
insectivora in 4% and reptiles in 2% of cases. Findings of 
body residues occurred in those sections where the line 
does not form a distinct height barrier, whether with its 
embankment or ditch. In these places, which are substan-
tially elevated and often overgrown with brush, numerous 
carcasses of pheasants were found. Although there are 
several busy roe deer passages crossing the ditched rail-
way, skeletal remains were never found at these intersec-
tions or in their vicinity. All killed individuals of roe deer 
(Capreolus capreolus) and European hare (Lepus euro-
paeus) were found on open, flat sections of the track, in 
the vicinity of which the animals stayed over the long 
term. The most frequent animal-train collisions occur at 
night, according to Czech Railways personnel. In com-

Fig. 2. Mortality of animals in different types of environment
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parison with our results can be found significant similari-
ties, thus that the most affected kind of wildlife is roe deer 
(Capreolus capreolus) and hare (Lepus europaeus). The 
run down were frequently occurred in the open farmed 
landscape too like in our case study.

In May 2006, another research project on the railway 
line between Trhový Štěpánov and Benešov u Prahy was 
conducted. In analysing the second research, an increase 
in mortality of roe deer (Capreolus capreolus) was ob-
served (J a n k o v s k ý ,  Č e c h , 2008). In comparison 
with our results, this study indicates the fact that the high 
number of wildlife collisions with train occur in large for-
est complexes, too.

A 2008 research project from the Czech Moravian 
Highlands is known as well. In a 6-km section of the rail-
way line (Dobrá voda u Pelhřimova – Hříběcí), an inven-
tory of foot inspections performed on a regularly weekly 
basis had as its aim to quantify mortality of large mammals 
due to rail transport and to identify, which species are the 
most endangered due to this transport. Animals were 
searched for with the assistance of a trained blood-track-
ing dog. Almost the entire section passes through a forest 
complex. It is a line, which is used for regional trains only, 
and there is limited rail freight transport. Over the moni-
tored interval (1 year), 10 dead roe deer (Capreolus capre-
olus), 3 European hares (Lepus europaeus) and one wild 
boar (Sus scrofa) were found (K u š t a ,  J e ž e k , 2009).

A n d r e a s s e n  et al. (2005) analysed the efficiency 
of odour fencing, removal of vegetation along track and 
diversion feeding along a railway line in Norway. The re-
search commenced in 1985 and ended in 1990, during 
which time 1,045 animal-vehicle collisions were recorded. 
Reduction of accidents by 46% was proven over the pe-
riod when actions to reduce mammal mortality were taken 
on the track. Removal of vegetation and diversion feeding 
proved to be safe ways to reduce collisions. Noise barriers 
along the railway line are also very effective, although 

these create a complete barrier for most animals and sig-
nificantly contribute to landscape fragmentation and sig-
nificant increase of barrier effect. The effectiveness of 
odour fencing appeared to be very questionable in this 
research. According to the results of this study the most 
suitable mitigation measures recommended led to reduc-
tion of the number of wildlife collisions with train consist 
in removal of vegetation along the railway tracks.

By comparing this research to the aforementioned 
studies that have already been conducted, we can conclude 
that the most affected species due to linear structures in 
the Czech Republic is roe deer (Capreolus capreolus), fol-
lowed by European hare (Lepus europaeus). Mortality is 
probably the most visible impact of traffic on wild animal 
species. Millions of individuals are killed and injured 
every year by land transportation. It is believed that over 
the last 30 years transportation has become a major human 
activity causing mammal mortality and has thus overtaken 
even hunting. 

CONCLUSIONS 

During research on the 50-km Plzeň–Horažďovice 
suburb railway line (1 January 2009 – 31 December 2009), 
60 animal individuals were run down. Among these, 60% 
of collisions were with roe deer (Capreolus capreolus), 
17% with European hare (Lepus europaeus), 13% with 
pheasant (Phasianus colchicus), 5% with bird of prey, 3% 
with wild board (Sus scrofa) and 2% with and red fox 
(Vulpes vulpes) (M a c h , 2010). The data obtained also 
show that animal mortality on a single track (36 km long) 
is 52% and on a double track (24 km long) is 48%. Based 
on this finding, we cannot clearly agree with the statement 
that common single tracks are not a significant barrier for 
large mammals and that only multi-track lines are (A n d ě l 
et al., 2005). The aforementioned results clearly show that 
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Fig. 4. Results of cluster analysis of com-
paring animal mortality in the monitored 
section of track
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rail transport is a danger for wild animals. The species 
most endangered by animal-train collisions is the roe deer 
(Capreolus capreolus).

Fragmentation of animals’ natural environments and 
fragmentation of natural ecosystems into smaller and 
smaller isolated biotopes is one of the greatest global 
threats to environmental protection and biological diver-
sity (B r o k e r ,  Va s t e n h o u t , 1995). Maintaining the 
migration potential of a landscape must be an integral ob-
jective of landscape planning policies and landscape plan-
ning itself. This assumption is one of the main theoretical 
bases for the concept of territorial systems of ecological 
stability. It must be taken into consideration in the case of 
large linear structures, which are a cause of both landscape 
fragmentation and decreased possibilities for animal mi-
gration (S k l e n i č k a , 2003).

The issue of ensuring migration permeability of the 
landscape (for species with large space requirements, like 
large ungulates and large carnivores) has for some time 
already been given great attention, particularly in relation 
to transportation structures, and there are currently spe-
cialized methodologies describing basic prerequisites and 
necessary measures (A n d ě l  et al., 2006; H l a v á č , 
A n d ě l , 2001). Methodologies for evaluating fragmenta-
tion and migration permeability have been worked out for 
designing transportation structures. In practice, however, 
these methodological approaches are used very rarely. De-
tailed analysis in terms of fragmentation and migration 
permeability for linear structures is prepared only very 
rarely, and the implementation of necessary measures is 
itself also not very common.
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Mortalita velkých savců způsobená železniční dopravou.
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Železniční tratě (koridory) jako liniové stavby podstatně ovlivňují život ve volné přírodě, negativně působí na po-
pulační stavy živočichů a ovlivňují samotnou podobu a strukturu obývaných biotopů. Článek analyzuje a kvantifikuje 
mortalitu savců na železniční trati Plzeň–Horažďovice předměstí. Průzkum byl prováděn po dobu 12 měsíců od 1. 
ledna 2009 do 31. prosince 2009. Během tohoto období bylo nalezeno 60 uhynulých zvířat. Nejvíce kolizí (60 %) bylo 
zjištěno u srnce obecného (Capreolus capreolus), 17 % u zajíce polního (Lepus europaeus), 13 % u bažanta obecného 
(Phasianus colchicus), 5 % u řádu dravců (Falconiformes), 3 % u divokých prasat (Sus scrofa) a 2 % kolizí u lišky 
obecné (Vulpes vulpes). Cílem bylo podrobně zmapovat jednotlivé úseky tratě, které se liší krajinným typem (land 
cover), využitím krajiny (land use) a četností migrace a střetů živočichů s vlaky. Výstupem práce je vyhodnocení a po-
souzení celkové výše mortality zvěře a určení nejvíce ohrožených druhů živočichů. Z uvedených výsledků vyplývá, že 
železniční doprava je nebezpečím pro volně žijící savce, a jednoznačně lze říci, že nejohroženější zvěří je srnec obecný 
(Capreolus capreolus).
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1. Introduction
To meet the demands of an increasing human population 
and resulting economic development, the volume of traffic 
has rapidly increased in past decades (Groot Bruinderink 
and Hazebroek, 1996; Frair et al., 2008). Simultaneously, 
better wildlife management and conservation measures 
have also led to an increase in the populations of large 
mammalian herbivores, both in density and distribution, 
throughout Europe (Apollonio et al., 2010). The increase 
in population size and density of these animals is now 
creating problems of human–wildlife conflict in various 
forms (Redpath et al., 2013). One widely occurring form 
of human–wildlife conflict is traffic-related mortality 
of ungulates, which is commonly observed throughout 
Europe (e.g., Rolandsen et al., 2011). 

Populations of wild ungulates have been increasing 
throughout the Czech Republic over the last decades, 
and roe deer (Capreolus capreolus) is the most common, 
occupying open agricultural lands as well as forested areas 
(Červený, 2009). Considering the intensity and location 
of railway traffic and the high abundance and density 
of ungulates in the Czech Republic, frequent deer–train 
collisions are to be expected (Modafferi, 1991; http://

www.cd.cz). Nonetheless, there is little existing research 
that has investigated the role of railways in affecting the 
populations of wild ungulates in the Czech Republic 
(Havlín, 1987; Jankovský and Čech, 2008; Kušta et al., 
2011) and only a few studies have focused on this issue 
worldwide (e.g., Baofa et al., 2006). On the other hand, a 
large number of studies address the issue of mortality of 
wildlife due to road traffic (e.g., Langbein and Putman, 
2005; Dussault et al., 2006; Gonzáles-Gallina et al., 2013). 

Theoretically, roads and railways should have similar 
ecological impacts on wildlife (Canters et al., 1997; Joyce 
and Mahoney, 2001). Besides direct mortality of animals, 
roads and railways can affect wildlife in numerous different 
ways: by causing habitat loss and fragmentation, creating 
barriers to movement and behavioral modifications, 
increasing dispersal of exotic species, and, thereby, 
reducing long-term survival and population viability 
(Trombulak and Frisell, 2000). Animal–vehicle collisions 
also pose a serious threat to human safety and can have 
significant economic consequences as a result of medical 
costs and the costly measures adopted to prevent accidents, 
such as wildlife fences along roads (Groot Bruinderink 
and Hazebroek, 1996; Ascensăo et. al., 2013). Although 

Abstract: Traffic-related mortality of free-ranging animals is among the most commonly observed human–wildlife conflicts. These 
conflicts pose serious threats to human safety as well as having great economic consequences. Although considerable attention has 
been paid to the role of roads in affecting free-ranging animals, the effects of railways have been less studied. Our study provides initial 
insights into the spatial and temporal variability of the roe deer–train collisions at 4 selected railway sections in the Czech Republic. 
Using data on 69 roe deer–train collisions collected during 2009, we tested the effects of railway section length, train frequency, relative 
abundance of roe deer, and time of year (by month) on collision probability. The number of roe deer–train collisions was influenced by 
train frequency (i.e. the higher the number of trains passing through individual study sections, the higher the number of collisions) and 
the time of the year (i.e. the highest number of collisions occurred in winter, particularly in February). Future research efforts should 
focus on describing roe deer behavior and movement patterns along the railways as well as the mortality factors related to the accidents. 
Such findings will help to identify hotspots of future accidents and to design suitable mitigation measures.
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collisions with trains may be less threatening to humans, 
they are certainly important from a wildlife management 
perspective and might even be more common than 
collisions on roads (Van der Grift, 1999).

In this primarily exploratory study, we aimed to 
examine the spatial and temporal patterns of roe deer–
train collisions on 4 selected railway sections in the 
Czech Republic. We chose roe deer because it is the 
most numerous ungulate species and is important from 
a management perspective (both for hunting and habitat 
conservation). Specifically, we tested the effect of train 
frequency on roe deer–train collisions, assessed the 
temporal variability of collisions at each individual railway 
section, and, finally, determined the spatial variability of 
collisions across railway sections. 

2. Materials and methods
2.1. Study area
The study was restricted to 4 selected railway sections in 
the Czech Republic with known occurrence of roe deer 

(Červený, 2009). The railway sections Plzeň–Horažďovice 
(hereinafter “section 1”; length: 60 km; 410 m a.s.l.) and 
Bělčice–Závišín (hereinafter “section 2”; length: 4.5 km; 
520 m a.s.l.) run through the southwestern part of the 
Czech Republic. The sections Obrataň–Jindřichův Hradec 
(hereinafter “section 3”; length: 15.2 km; 660 m a.s.l.) and 
Dobrá Voda u Pelhřimova–Hříběcí (hereinafter “section 
4”; length: 6 km; 650 m a.s.l.) are located in the south of 
the country (Figure 1). 
2.2. Data collection
We calculated the train frequency (i.e. the number of trains 
passing per month through individual study sections) based 
on the Czech Railway’s timetable for 2008–2009 (http://
www.cd.cz/en/domestic-travel/timetable/line-timetables/
index.php). We acquired the hunting statistics (http://
eagri.cz/public/web/mze/lesy/myslivost/) on roe deer 
(i.e. animals killed per 100-ha area around the individual 
sections during 2009) as a proxy for the relative abundance 
of the species near the individual study sections. We used 
this dataset as it provides the most reliable indicator of roe 

Figure 1. Location of 4 selected railway sections in the Czech Republic.
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deer densities in the Czech Republic (Bartoš et al., 2010). 
Data on train kills were collected opportunistically during 
2009 from train drivers who were required to record 
the locations and dates of the roe deer–train collisions 
while passing through the individual study sections. 
These locations were identified and marked based on 
the distance markers placed along tracks, which are used 
by the Czech Railway for distance indication. We also 
performed round trips along each study section twice per 
month throughout the study period in order to record 
any other roe deer–train collisions missed by the drivers 
and to map the surrounding habitats around each railway 
section. The habitats surrounding the collision locations 
were categorized as predominantly field/meadow, forests, 
or shrubland by section. The recorded locations were later 
checked for redundant duplication of recording, and only 
unique instances were selected for analyses. 
2.3. Statistical analyses
We first estimated the relationship between the number of 
collisions and the spatial characteristics of individual study 
sections (i.e. section length, train frequency, and relative 
abundance of roe deer). We tested for correlations using 
Pearson’s correlation coefficients (r) between each of these 
variables, in pairs. To test what predicts the probability 
of roe deer–train collision, we regressed train frequency 
per month in the individual study sections and months 
against number of collisions. We designated month as the 
temporal scale variation because the collision data and 
train frequency were collected and measured at this scale. 
However, we aimed to relate results by month to roe deer 
lifecycle and management measures. The winter season 
lasts from December to April, calving occurs from May 
to June, and rutting occurs during July and August. The 
hunting season lasts from May to September for bucks 
and from September to December for does and fawns. 
Deer are also given supplementary feed from September 
until April (Bartoš et al., 2010). 

We used generalized linear mixed-effects models 
(GLMMs) with a Poisson error structure (Zuur et al., 
2009) to identify the predictors of collision probability. 

Train frequency (i.e. number of trains passing per month 
through individual study sections) and month were treated 
as fixed effects and section identity as a random effect 
(to account for repeated measurements of roe deer–train 
collisions from the same railway sections). The models 
were fitted using the glmer function in R and estimated 
with the Laplace approximation. Model selection was 
performed using the ANOVA function and Akaike’s 
information criterion (AIC) to compare the fit of individual 
and combined variables, with ∆AIC > 10 indicating that 
the model was unlikely to perform better than the model 
with the lowest AIC (Burnham and Anderson, 2002). All 
statistical analyses were performed in R 3.0.2 statistical 
software (R Development Core Team, 2009) with the lme4 
(cran.r-project.org/package=lme4) package. 

3. Results 
3.1. Spatial trends
A total of 69 roe deer–train collisions were recorded across 
the 4 selected railway sections during 2009. The highest 
number of collisions was recorded at section 1 (n = 36), 
and 11 accidents were recorded at each of sections 2, 3, 
and 4. 

The relative abundance of roe deer was highest at 
section 2 and lowest at section 4. Sections 1, 2, and 3 were 
predominantly field/meadow, whereas section 4 was mostly 
forested (Table 1). The number of collisions was positively 
correlated with the length of the railway section (r2 = 0.89, P 
< 0.04) and the train frequency (r2 = 0.88, P < 0.04), whereas 
the number of collisions and relative abundance of roe deer 
were not correlated (r2 = 0.313, P < 0.6). The sections with 
a higher proportion of field/meadow habitats (sections 1, 2, 
and 3) were also the ones with a higher number of collisions, 
whereas section 4, dominated by forest, had fewer recorded 
collisions (Table 1). 

A comparison of tested GLMMs, including AIC and 
∆AIC values, is shown in Table 2. The best model (judged 
by the lowest AIC value) included train frequency as a fixed 
effect and section identity as a random effect. Nevertheless, 
the difference in AICs between this simpler model and a 

Table 1. Spatial characteristics of individual railway sections surveyed for this study.

Number of trains 
passing per week

Relative abundance
of roe deer*

Surrounding habitats (%)

Field/meadow Forest Shrubland

Section 1 452 1.61 84 10 6

Section 2 170 2.17 85 5 10

Section 3 156 1.67 49 37 14

Section 4 132 1.06 23 69 8

*Animals killed per 100-ha area around the individual sections during 2009.
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more complex model that also included month as a fixed 
effect was only 8 points, showing the simpler model to be 
only a slightly better relative fit than the more complex 
one (Table 2). Moreover, the ANOVA test did not show 
any significant difference between the 2 models (P > 
0.2779). On this basis we decided to use the more complex 
model. The estimated coefficients and standard errors for 
the variables of the final model are shown in Table 3. 

While accounting for the random variation due to 
railway section, the train frequency (i.e. number of trains 
passing per month through individual study sections) had 
a positive effect on the number of roe deer–train collisions 
(0.84 ± 0.00; P < 0.0017; Table 3). 

3.2. Temporal trends
The number of collisions was highest in winter, especially 
in the month of February (Figure 2), and the month of 
February also emerged as significant in the final GLMM 
(P < 0.0191; Table 3). The effect of the remaining months 
was not significant (Table 3). However, this trend was 
not consistent over the sections as the collisions occurred 
throughout the year across sections and varied in number 
(Figure 2).

4. Discussion
We show that, even within a short sampling period, a 
large number of roe deer–train collisions were recorded. 
This finding in itself reemphasizes the importance of this 
issue and calls for more attention to be paid to wildlife–
train collisions by researchers and wildlife management 
authorities. Our results suggest that the train frequency 
(i.e. number of trains passing through individual railway 
section per month) influences the probability of roe 
deer–train collisions. The effect of traffic frequency on the 
probability of accidents has already been shown in other 
studies (e.g., Seiler, 2004; Hussain et al., 2007; Danks and 
Porter, 2010). Our study concurs with these, as the number 
of roe deer–train collisions was positively correlated with 
the traffic frequency (Belant, 1995; Joyce and Mahoney, 
2001). A higher train frequency for roe deer means that 
the deer encounter more trains per time unit, which 
would constantly agitate the animals, inciting flight and 
erratic movements and thus resulting in more collisions. 

Our analyses revealed that the number of collisions 
was highest in winter and the most statistically significant 
month was February. Winter is generally the lean period 
in terms of food availability, and quality and presence of 
snow combined with scarcity of food affects the movement 
of ungulates (Marchand, 1996). Ungulates are forced to 
cover larger distances in winter in order to find food and 
snow-free areas or those with little snow where they can 
dig easily. Such areas can usually be found along roads and 
railways (Bowman et al., 2010; Rea et al., 2010). This could 
be an explanation for the increased frequency of deer–
train collisions in our study areas, as deer may move more 
during winter months. February is one of the months when 

Table 2. Model comparison for factors potentially influencing the probability of roe deer–train collisions. 

Model Fixed effects Random effects AIC ∆AIC

1  Train frequency Railway section 144 0

2  Month + train frequency Railway section 152 8

3  Month   Railway section 160 10

AIC: Akaike’s information criterion; ∆AIC: AICi – AICmin.

Table 3. Results of the final generalized linear mixed effects model 
for the effects of month and train frequency on the occurrence of 
roe deer–train collisions.

  Estimate ± std. error

Fixed effects

      Intercept –0.99 ± 0.64

      May  0.36 ± 0.65

      June  0.40 ± 0.64

      July  0.36 ± 0.61

      August  0.65 ± 0.61

      September  0.69 ± 0.76

      October –0.33 ± 0.71

      November –0.25 ± 0.70

      December –0.38 ± 0.76

      January –0.33 ± 0.76

      February 0.12 ± 0.58*

      Train frequency 0.84 ± 0.00***

Random effect Variance ± std. error

      Segment 0.78 ± 0.47

*: Significant at 0.05; ***: Significant at 0.001.
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deer are provided extensively with supplementary feed 
across the Czech Republic. Such practices are known to 
alter density and distribution of animals as well as increase 
direct and indirect interactions between individuals 
(Putman and Staines, 2003). Consequently, reactions to 
supplementary feeding could explain the higher number 
of collisions during winter, especially if feeding sites are 
close to railways and supplementary feeding increases 
direct competitive interactions between individuals.

An increase in deer–vehicle collisions in winter has 
also been observed for other deer species such as red 
deer (Cervus elaphus) and moose (Alces alces) in Norway 
(Gundersen and Andreassen, 1998; Meisingset et al., 
2013) and mule deer (Odocoileus heminonus heminonus) 
in the United States (Myers et al., 2008). Studies from 
British Columbia in Canada (Child et al., 1991), northern 
Sweden (Lavsund and Sandegren, 1991), and Finland 
(Haikonen and Summala, 2001) also reported a peak in 
deer–vehicle accidents in midwinter. However, in other 
studies, collisions have been observed to peak in summer, 
e.g., roe deer in Slovenia (Pokorny, 2006) and moose in 
Quebec (Dussault et al., 2006) and Newfoundland (Joyce 
and Mahoney, 2001). This indicates that local factors and 
species biology likely affect the probability of accidents. 

There are other factors that are known to affect the 
likelihood of deer–vehicle collisions, such as habitat 
characteristics around the traffic infrastructure (Seiler, 
2003). Habitat features are known to determine the habitat 

selection patterns of ungulates, and roe deer are known 
to prefer open agricultural landscapes (Cederlund et al., 
1980). In our study areas, railway sections with a high 
proportion of open fields (i.e. 1, 2, and 3) had higher roe 
deer density and frequent collisions. A high proportion 
of fields in sections 1, 2, and 3 corresponded with higher 
human population density, which, in turn, corresponded 
to higher train frequency in these sections. 

Overall, human inhabitation and resulting changes in 
the landscape affect the likelihood of collisions (Cederlund 
et al., 1980; Nielsen et al., 2003). Our study provides an 
initial but crucial insight on the issue, but additional 
information is clearly needed. More sampling is required 
across railway sections to get a broader picture of the issue 
over time. In addition, studies on roe deer movement 
and behavior around the railway tracks are also needed 
to understand the causes and patterns of collisions in 
more detail. Countrywide studies are required in order 
to develop a nationwide policy of mitigation measures to 
minimize deer–train collisions. More accurate information 
building on our study would contribute to making sure 
that these policies, such as train speed limits in areas with 
higher train frequency stretching across different habitat 
types, are both appropriate and effective.
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Anthropogenic noise is now recognized as a major global pollutant. Rapidly

burgeoning research has identified impacts on individual behaviour and

physiology through to community disruption. To date, however, there has

been an almost exclusive focus on vertebrates. Not only does their central

role in food webs and in fulfilling ecosystem services make imperative

our understanding of how invertebrates are impacted by all aspects of envi-

ronmental change, but also many of their inherent characteristics provide

opportunities to overcome common issues with the current anthropogenic

noise literature. Here, we begin by explaining why invertebrates are likely to

be affected by anthropogenic noise, briefly reviewing their capacity for hearing

and providing evidence that they are capable of evolutionary adaptation and

behavioural plasticity in response to natural noise sources. We then discuss the

importance of quantifying accurately and fully both auditory ability and noise

content, emphasizing considerations of direct relevance to how invertebrates

detect sounds. We showcase how studying invertebrates can help with the

behavioural bias in the literature, the difficulties in drawing strong, ecologi-

cally valid conclusions and the need for studies on fitness impacts. Finally,

we suggest avenues of future research using invertebrates that would advance

our understanding of the impact of anthropogenic noise.

1. Introduction
The ever-expanding urban world has made anthropogenic (man-made) noise

almost ubiquitous across the globe. Noise-generating human activities have

increased considerably since the Industrial Revolution, leading to substantial

changes in the acoustic landscape both on land and underwater. The prevalence

of transportation networks, resource extraction and urban development in ter-

restrial environments is much greater today than in the past [1,2], while

shipping, recreational boating, seismic exploration, sonar and pile-driving are

widespread and occur with increasing frequency in aquatic environments [3].

Moreover, the sound generated by human activities is often very different

from that arising from natural sources, both in terms of its prominent frequen-

cies and in such acoustic characteristics as constancy, rise time, duty cycle and

impulsiveness [4]. Anthropogenic noise therefore presents a very real, and often

novel, challenge to animals including ourselves.

In humans, anthropogenic noise causes physiological, neurological and endo-

crinological problems, increased risk of coronary disease, cognitive impairment

and sleep disruption [5,6]. These impacts can be severe and legislation is therefore

in place to monitor and manage noise exposure in daily life [7]. Over the last

decade, there has also been a growing awareness of the potential impact of anthro-

pogenic noise on non-human animals, with studies on a number of different

taxonomic groups demonstrating effects ranging from behavioural and physio-

logical adjustments of individuals to changes at the population and community

level [1,3,8–10]. Consequently, anthropogenic noise is now recognized as a

major component of environmental change in the twenty-first century and a pol-

lutant of international concern, featuring prominently on international directives

and agendas (e.g. inclusion in the United States National Environment Policy Act
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and the European Commission Marine Strategy Framework

Directive, and as a permanent item on the agenda of the Inter-

national Maritime Organisation).

A comprehensive search of the peer-reviewed literature

published on terrestrial species by the end of 2012 (see the elec-

tronic supplementary material) highlights a number of trends

and issues (see also [11]); we focus here on terrestrial species

for brevity, although similar conclusions can be made for

aquatic organisms. One striking trend is that only two of the

83 papers considered an invertebrate species. Shieh et al. [12]

compared the calling behaviour of the cicada Cryptotympana
takasagona in noisy and quiet urban parks, finding positive

correlations between noise levels and both call frequency and

chorusing. Lampe et al. [13] found that male bow-winged

grasshoppers (Chorthippus biguttulus) collected from noisy

roadsides sang with a greater low-frequency component than

males collected from paired quiet areas nearby. As male sing-

ing was recorded in the absence of noise stimuli in anechoic

chambers, the differences are unlikely to be the consequence

of behavioural plasticity, but instead may result from longer

term adaptation. In both studies, modification of call frequency

is presented as a mechanism for avoiding masking, although

further investigation is needed to determine whether that is

indeed achieved and whether the vocal adjustments generate

associated costs [14].

The paucity of research on invertebrates does not reflect

their general importance, the likelihood that anthropogenic

noise will affect them or the potential for such investigations

to advance our understanding of this issue. Invertebrates are

hugely diverse, constituting the vast majority of species on

the Earth and with a large proportion yet to be identified

[15]. They are crucial components of food webs and fulfil

many ecosystems services, such as pollination, decompo-

sition and nutrient release [16]. Removal of invertebrate

species can lead to changes in diversity and modification to

ecosystem function [17]. Consequently, our understanding

of community structure and resilience, as well as the pressing

need for food security, makes it imperative that we study

how invertebrates are impacted by environmental change

[18], especially as it is clear that they are indeed vulnerable.

For example, artificial light can alter invertebrate community

composition [19], heavy metals can cause decreased immu-

nity [20], slower development and reduced survival and

fecundity [21], and climate change can result in shifts in geo-

graphical distribution, population size, phenology, behaviour

and genetic composition [16]. As many invertebrates have a

proven ability to hear, to use sound for a variety of reasons

and to communicate acoustically [22], they are also likely to

be affected by the noise introduced into the environment by

the activities of humans. Moreover, many inherent character-

istics of invertebrates (e.g. their relatively small sizes, short

life cycles and ease of study in both laboratory and field con-

ditions) provide the potential to overcome a number of the

current issues that can hamper research into the impacts of

anthropogenic noise (see [11] and below).

Here, we begin by explaining why invertebrates are likely

to be affected by anthropogenic noise—we briefly review

their capacity for hearing and provide evidence that they

are capable of evolutionary adaptation and behavioural plas-

ticity in response to natural noise sources, such as wind and

the chorusing of other organisms. We then discuss the impor-

tance of quantifying accurately and fully both auditory ability

and noise content, and emphasize considerations of direct
relevance to how invertebrates detect sounds. We highlight

some current issues identified by our review of the anthropo-

genic noise literature—a behavioural bias, the difficulty in

drawing strong, ecologically valid conclusions, and a need for

studies on fitness impacts—and consider whether studying

invertebrates can help to resolve them. Finally, we suggest

major avenues of future research relating to anthropogenic

noise and how invertebrates can be used to advance our under-

standing of this pervasive global pollutant.
2. Why invertebrates are likely to be affected by
anthropogenic noise

There is a considerable body of work on the auditory capa-

bilities of invertebrates and their responses to abiotic and

biotic environmental noise, which combined suggest that

they have the potential to be impacted by noise sources in

an urban environment.

(a) Audition in invertebrates
Although audition is currently documented in detail in rela-

tively few invertebrate species [22,23], the ability to detect

sound has evolved multiple times in the insects alone, resulting

in a diversity of auditory structures that can be found on nearly

any segment of the body and with sensitivities anywhere

between 10s of Hz to over 100 kHz [24,25]. Moreover, invert-

ebrate species are known to produce sounds for a variety of

reasons, in the same contexts as vertebrates: for example,

aggression (e.g. Drosophila, Orthoptera, Coleoptera, Trichop-

tera; [22]), mate location, attraction and courtship (e.g.

Drosophila, mosquitoes, Orthoptera, Hemiptera, Coleoptera;

[22]), predator avoidance (e.g. Lepidoptera; [26]) and detection

of parasite host species (e.g. tachinid flies; [27]). As many

invertebrates rely on communication at frequencies below

10 kHz [24] and are capable of hearing within the main

frequency spectrum of much anthropogenic noise (figure 1),

their vulnerability to this pollutant is clear.

http://rspb.royalsocietypublishing.org/
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The ability to hear typically refers to the detection

of pressure waves; that is, oscillating compressions and rarefac-

tions of the medium (usually air or water). Pressure waves are

detected and produced by animals with tympanal ears: thin

membranes coupled to mechanosensory cells that transduce

the membrane vibration into electrical impulses. Humans,

along with other vertebrates and many invertebrates, including

the most conspicuously acoustic species, Orthoptera (crickets,

katydids, grasshoppers) and cicadas, use tympanal ears

[24]; recent work has demonstrated a remarkable example of

convergent evolution between the ears of some insects and

mammals [29]. As pressure waves dominate the sound field

far from the source (greater than 1 wavelength (l)), animals

detecting sound pressure can communicate over considerable

distances, but this also makes them vulnerable to noise orig-

inating further away. It is this component of sound that has

been measured in all anthropogenic noise studies considering

terrestrial animals to date.

There is a second distinct component to a sound wave,

particle velocity, which comprises the oscillatory motion of

particles back and forth within a propagating wave. As particle

velocity is not detected by humans, it can be easy to overlook.

However, many invertebrates detect this sound element using

flagellar mechanosensory structures, such as hairs or antennae,

that project into the oscillatory flow [25]. Particle velocity recei-

vers sensitive to air-borne sound have been best characterized

in two-winged flies (Diptera), where hair-like flagellar ears are

sensitive to low frequencies (less than 1 kHz) [25,30,31]. The

particle velocity component of sound attenuates rapidly and

dominates only the sound field close to the source (less than

1 l; for 10 Hz, l ¼ 34 m; for 1 kHz, l ¼ 0.34 m) [32]. Animals

detecting just particle velocity may therefore be more robust

than sound-pressure detectors to the impacts of anthropogenic

noise. It must be noted, though, that the mechanosensory cells

of both mosquitoes (Toxorhynchites brevipalpis [30]) and fruit

flies (Drosophila melanogaster [31]), known to be sensitive to par-

ticle velocity, actively amplify quiet stimuli. This may

effectively increase their sensitivity to distant sounds and, at

the same time, their vulnerability to the effects of noise when

compared with those species using a passive receiver system.

Vibrational communication through substrates, such as

plants, spider webs and the ground, is also widespread in invert-

ebrates [23]. While the sensory receivers for detecting substrate-

borne vibrations are usually distinct from those of audition [22],

acoustic stimuli can transmit into and be propagated in sub-

strates, and hence acoustic noise also has the potential to

impair vibratory communication. Recent work indicates that

vibratory communication in the spider Schizocosa ocreata, for

instance, is impacted by air-borne noise [33]. Vibratory com-

munication is used in courtship in this species and when air-

borne white noise (0–4 kHz) was played back, signal trans-

mission and mating success in S. ocreata were decreased. The

impact of anthropogenic noise on vibratory signals has received

little direct attention (see [34] with an exception in Stephen’s kan-

garoo rat (Dipodomys stephensi)) but as this modality is used by

many different species both within and beyond the invert-

ebrates, consideration of detrimental effects is important.
(b) Evidence for changes in response to noise
Many abiotic and biotic sound sources, such as wind, rain, run-

ning water and the choruses of other animals, can result in

naturally noisy environments. To survive and reproduce in
these conditions, invertebrates have evolved different mechan-

isms to cope with noise, incorporating adaptation over

evolutionary time-scales and short-term behavioural plasticity.

Changes in auditory tuning mediated by both long-term

physiological alterations and short-term behavioural modifi-

cation are known in crickets and katydids. In noisy

rainforests, where acoustic competition levels are high, the

cricket Paroecanthus podagrosus has an auditory sensitivity

that is relatively sharply tuned to conspecific song [35]. This

contrasts with the broader auditory tuning of two species

of European cricket, Gryllus bimaculatus and Gryllus campes-
tris, which share their best frequency (the frequency of

highest auditory sensitivity) with P. podagrosus, but live in

quieter environments. The sharper tuning of P. podagrosus fil-

ters out background noise more effectively than in the

broadly tuned species, but this may limit the detection of

other environmental sounds that fall outside this narrow fre-

quency range, for example those generated by approaching

predators. Modifications in auditory tuning are also seen in

the Australian bushcricket (Sciarasaga quadrata [36]). This

species is able to close down the tracheal system, a system of

air-filled tubes linking bilateral ears, to filter out much of the

background noise generated by heterospecifics and tune the

ear to the lower frequencies used by singing conspecific

males. By maintaining a broad auditory sensitivity, these katy-

dids may have a better ability to detect predators, while their

flexible auditory response allows tuning into species-specific

calls, and thus escape from acoustic competition.

There are also examples where species have evolved robust

ways of communicating information even under noisy

conditions. In bow-winged grasshoppers, calls include charac-

teristics that allow attractiveness to be assessed even when

subjected to high levels of white noise; noise does not appear

to impair female choice in this species [37]. In other species,

behavioural responses to noise are apparent, both in terms of

sound production and recipient response. Römer et al. [38]

found modifications to the temporal calling patterns in two

sympatric katydid species, Hemisaga dendiculata and Mygalopsis
marki, that almost completely overlap in call frequency, with

H. dendiculata song suppressed in the presence of calling

M. marki. In another species, Mecopoda elongata, which sings

in choruses, levels of synchrony were reduced with increasing

nocturnal rainforest noise [39]. Background noise can also

induce changes in phonotaxis (the ability to move in an orien-

tation with respect to a sound source). The playback of

heterospecific calls or random noise interferes with female

short-winged meadow katydid (Conocephalus brevipennis) move-

ment towards conspecific male calls [40], while male grey

bushcrickets (Platycleis albopunctata) move away from calling

M. marki individuals, resulting in a separation of two sympatric

species competing for acoustic space [41].
3. Receiver and noise source characterizations
To maximize the usefulness of research into the impact of

anthropogenic noise, studies must suitably characterize the

particular auditory receiver and noise source under consider-

ation; it is common in the current literature to find that either

or both are not done sufficiently to justify the conclusions

drawn [11]. In this section, we highlight important general

considerations in this regard (see also [10]), with particular
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reference to aspects of invertebrate sound detection that differ

from most vertebrate hearing (see above).

(a) Auditory sensitivities
Determination of whether a given noise stimulus falls within

the auditory capabilities of an organism is vital to assess

correctly any apparent lack of effect. Characterization of invert-

ebrate hearing should include appropriate consideration of

pressure or particle velocity components of sound, as well as

potential nonlinear auditory responses (where the sensory

system does not respond linearly with input amplitude). Audi-

tory nonlinearities have been demonstrated in mosquitoes [30],

fruit flies [42] and the tree cricket Oecanthus henryi [43]; the

latter represents the first evidence of nonlinear audition from

a tympanal hearing insect. In these systems, the total sound

level across frequencies can impact the sensitivity and tuning

of the ear, indicating that even noise which does not overlap

with the best frequency of the auditory system (frequency of

highest sensitivity) may still generate signal masking and

impede signal differentiation from the background.

Characterization of the mechanical properties of the ear

and of auditory responses and physiological measurement

of auditory thresholds are relatively simple to obtain in

invertebrates owing to the peripheral location of many audi-

tory structures and ease of access to auditory neurons [22].

This is true for invertebrates sensitive to pressure and particle

velocity; for each of these types of receiver, there are good

examples of auditory characterization at the mechanical and

physiological level (see [29,31,42–44]). Moreover, neurophy-

siological methods have been developed to measure

auditory thresholds both in the laboratory and the field in

Orthoptera [45]. Natural habitats have sound fields that are

far more complex than laboratory conditions, generating

differences in the thresholds of what is perceived by the

animal, which makes it important to put laboratory work

into an ecologically relevant context.

(b) Noise quantification
To avoid erroneous conclusions, it is critical to quantify the

noise source using tools that best reflect the auditory capabili-

ties of the study animal. However, most readily available, and

commonly used, audio equipment is designed for human aural

sensitivities, and thus studies have often restricted recording

and playback to frequencies audible to us (20 Hz–20 kHz)

and employed recording filters that emulate human hearing

(e.g. A-weighting filter (dBA)). While this approach has been

deemed acceptable for birds, which hear in a similar frequency

range to us and on which the majority of terrestrial work has

so far been conducted, noise quantification ideally needs to

cover broad bandwidths extending beyond audible frequen-

cies using unweighted, flat-response recording equipment.

A study by Schaub et al. [28] on bat foraging sets a robust

standard for quantification of anthropogenic noise in a way rel-

evant to the study species: they measured road traffic noise

between 0 and 50 kHz with a flat-response microphone, show-

ing the majority of energy concentrated below 5 kHz.

Moreover, Schaub et al. quantified the number of vehicles,

vehicle type and distance from the noise source; as the same

type of noise source can produce highly variable sounds and

the frequency content and amplitude are dependent on the dis-

tance from the source, including these factors adds valuable

information. In general, studies should ideally report a range
of relevant acoustic metrics (e.g. dB, weighting function, maxi-

mum power, integration time and order statistics); making

high-quality audio recordings of the noise source being studied

available for alternative spectral filtering and acoustic analysis

would potentially represent the best practice and allow the

greatest opportunity for comparative work and generalization

(for further details see [10,46]).

For the study of some invertebrates, recording particle vel-

ocity or substrate vibration generated by anthropogenic noise,

and mimicking these components in playbacks, should be a

crucial element of the work. To date, there has been little

attempt to quantify these components of terrestrial anthropo-

genic noise or their impact on animals sensitive to such

stimuli (but see [34]), not least because the majority of studies

have been conducted on organisms (i.e. vertebrates) for which

these considerations are not important. The pressure com-

ponent of a sound wave, the quantification of which is

discussed above, can differ considerably from particle velocity

[32] and measuring particle velocity or substrate vibration pre-

sents technological challenges. The majority of available

microphones are pressure sensitive, but some do detect the

pressure gradient, which combined with the use of integrating

amplifiers output the particle velocity of a signal. These tools

have been used successfully to record particle velocity in

studies examining audition, communication and mate loca-

tion in insects [42]. Likewise, the measurement of substrate

vibration is frequently carried out in other contexts by employ-

ing accelerometers or non-contact laser Doppler vibrometry

[33]. Thus, there is the capacity to measure these aspects of a

noise source that are relevant to some invertebrate hearing.
4. Can invertebrates provide model systems
to investigate the impact of anthropogenic
noise?

Our review of the current anthropogenic noise literature has

identified three key issues that we believe need resolving (see

[11]): a behavioural bias, the difficulty in drawing strong, eco-

logically valid conclusions and a need to determine the

effects on individual fitness. In this section, we outline

these issues and then consider whether invertebrates can

help with their resolution.

(a) Behavioural bias
The majority of studies (60 out of 83) investigating the impact

of anthropogenic noise on terrestrial species have considered

behavioural responses (see the electronic supplementary

material). The most commonly researched behaviour is acous-

tic communication and particularly ways in which animals

might minimize the risk that their auditory signals are

masked; masking occurs when there is an increase in the

threshold for detection or discrimination of one sound in the

presence of another. Loss of clear and efficient transmission

of acoustic information can create potential fitness costs,

including those related to mate attraction and territory defence

if song is masked, increased predation risk if detection of alarm

calls is impaired and reduced reproductive success if parent–

offspring or parent–parent communication is disrupted (see

[14]). Consequently, anthropogenic noise has resulted in

alterations to the vocal parameters (frequency, amplitude,

rate and duration) or the timing of signalling in many birds
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and anurans, either through behavioural plasticity or evol-

utionary adaptation [14,47,48]. Some studies have also

considered the impact of masking on adventitious signals

[28,49]. For instance, greater mouse-eared bats (Myotis
myotis), which listen for prey-generated sounds to locate

food, avoid foraging when exposed to playback of road traffic

noise and exhibit reduced foraging efficiency when noise is

unavoidable. There is also some evidence that noise can

mimic communicatory signals [34] and that vigilance behav-

iour is modified [50].

In contrast to behavioural adaptations, relatively little

research has considered how anthropogenic noise impacts

physiology ([8]; but see [51,52]), and there have been virtually

no investigations with respect to development, neurobiology

or genetics. Assessing how noise affects processes in addition

to behaviour is vital for a full understanding of both proximate

and ultimate impacts on fitness [8]. There is a long history of

studying such fundamental processes in invertebrates in other

contexts [53,54]. For example, by using genetic techniques and

physiological and mechanical measurement, the molecular gen-

etic and neural components required for an ear to receive and

actively amplify sounds are being pieced together in Drosophila
(see [53]). Moreover, there are good examples where invert-

ebrate physiology, development and genetics have been

studied with respect to global changes other than anthropogenic

noise. For instance, considerable research has focused on the

potential impacts of climate change on development in insects

[55,56], as well as genetic effects in mosquitoes and fruit flies

(for an overview see [57]). Physiological responses to climate

change have also been measured in many invertebrates (for dis-

cussion see [58]). Such approaches should be equally applicable

to studies examining the impact of anthropogenic noise.

(b) Difficulties in drawing strong, ecologically
valid conclusions

Strong conclusions about the impact of anthropogenic noise

are often not possible because suitable controls are lacking

[11]. For example, roads are noisy, but they also have high

levels of disturbance, chemical pollution and light, and provide

an edge habitat. Studies comparing the responses of animals

near a noisy road with those in a control area, either a quieter

road or a site at a greater distance from the road, do not

allow any differences to be conclusively attributed to noise.

An experimental approach where noise is the only factor that

differs is ideally required to tease out the direct effect of

noise from potentially confounding factors.

Studies by Francis et al. [59] and Bayne et al. [60], for

example, have highlighted that it is possible to provide

strong evidence for the impact of noise using natural exper-

iments: they have taken advantage of areas containing gas

wells that either have or do not have noisy compressors to

show that anthropogenic noise affects birds at both the species

and community level. As the wells are comparable in both

structure and surrounding habitat, and thus differ only in

noise production, this system provides an excellent test of the

impact of anthropogenic noise under field conditions. Such

natural experimental situations may be rare, however, and

manipulations are usually required. Careful controls are often

the easiest in laboratory experiments, where more detailed

data collection than in the wild is also potentially feasible

[28,49,61], but care must be taken when extrapolating results

to meaningful implications for free-ranging animals in natural
conditions; the ecological validity of laboratory-based work

can be questioned. Field experiments are becoming more

common (e.g. [62,63]), but can be logistically more difficult,

with the same level of control and detailed data collection

harder to achieve than that in the laboratory, and characteriz-

ation of some responses (e.g. neurological) particularly

challenging. Studies that pair different types of work in differ-

ent settings [48,64] offer the best solution, allowing the benefits

of each approach to be used.

Invertebrates are amenable to a combined laboratory and

field approach; they are small enough to be kept in large num-

bers in captivity and they can be manipulated in the wild.

Römer et al. [38] provide an excellent example of this in their

work with katydids, examining the influence of the acoustic

environment on signal transmission. Investigating responses

to masking by heterospecific noise, this study pairs both behav-

ioural and neurophysiological measurements of auditory

neurons in the field and laboratory settings, providing ecologi-

cal validation for the laboratory work and technical controls for

any confounding variables in the fieldwork. Further examples

of experiments conducted in both the field and laboratory can

be found in other orthopteran species. Schmidt & Römer [45]

investigated neurophysiological detection thresholds for con-

specific song in tropical crickets under noisy conditions,

while studies of directional sensitivity in grasshopper audition

[65] and katydid discrimination between background noise

and calls of approaching predators [66] also used this paired

laboratory and field approach.

(c) Need to evaluate effects of noise on
individual fitness

Ultimately what is needed for successful policy-making

and mitigation is consideration of how anthropogenic noise

impacts individual survival and reproductive success, and con-

sequently population and community structure. However, the

vast majority of experimental studies to date have considered

relatively short-term effects (see the electronic supplementary

material), which do not necessarily have clear implications

for fitness; at best, most of the current literature reports fitness

proxies (see [11]). Some short-term effects (e.g. increased pre-

dation risk) can be translated relatively easily into ultimate

consequences. However, others (e.g. foraging behaviour, sig-

nalling characteristics, movement patterns) need more careful

consideration because animals may be able to compensate in

quieter periods, the implications of the behavioural change

are unclear or there may be costs associated with the noise-

induced adjustment [14], and thus there may be no direct

link between short-term effects and long-term consequences

(see [67]). That is not to say changes in fitness do not result,

but rather that the experiments required to determine them

have rarely been carried out (but see [59,64,68,69]). A multi-

year study by Francis et al. [59] demonstrated that some species

might actually gain from additional noise if, for instance,

potential predators avoid the area, and thus implications for

individual fitness and community structure are not necessarily

easy to predict.

As the life cycle of invertebrates is relatively short, it enables

individual fitness and population viability to be assessed

directly in a way that is logistically difficult in many vertebrates.

Research into climate change provides good examples of how

potential impacts of environmental modification on insects

can be developed [70]. For example, an intergenerational
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study on the pitcher-plant mosquito (Wyeomyia smithii) has

revealed large decreases in fitness in response to changes in

photoperiod and climate over evolutionary time-scales [71]. In

a tropical butterfly (Bicyclus anynana), resource availability

and temperature were found to modify fitness-related traits,

with implications for the impacts of climate change on this

species [72].

It is also possible to use data on individual fitness conse-

quences to parametrize theoretical models making predictions

about outcomes at a population level. Such agent-based model-

ling has previously been applied to environmental resource

management, and to ecological and conservation issues [73].

If modelling such as this can be introduced to anthropogenic

noise research, individual-based fitness studies would be able

to indicate conservation priorities without the immediate

requirement for long-term data that are not likely to become

available in the near future. However, validation of such

models is a crucial element of the process, and this step is also

feasible with short-lived invertebrate species: successive gener-

ations, with appropriate controls, could be bred under different

noise conditions.
5. The future
In addition to the suggestions inherent in the previous sections,

there are three main areas that we consider are in need of par-

ticular attention if research into anthropogenic noise is to move

forward substantially. First, experimental studies to date have

concentrated efforts on the impact of a single, acute noise

exposure in isolation (e.g. [63,74]; but see [52,59,60,62]).

While this is understandable from a logistical perspective,

organisms in most natural situations are likely to experience

either chronic or repeated exposure to noise, which might

lead to changes in response through such processes as sensitiz-

ation, habituation or tolerance [75]. Moreover, it is currently

unclear precisely how the impacts of anthropogenic noise are

affected by simultaneous exposure to such situations as high

disturbance or light and chemical pollution; potential synergis-

tic effects arising from the combination of noise with other

stressors require investigation.

Second, the majority of (experimental) studies to date

have tackled the simple, but important question: is there an

immediate impact of noise? It is clear from the rapidly expand-

ing literature that this is indeed the case across a range of taxa

(see the electronic supplementary material). What is required

now is consideration of additional issues that build on this

knowledge. For example, what is the spatial scale of impact

and the dose-dependent relationship between noise and

responses? What characteristics of anthropogenic noises are

most problematic; it is unlikely that it is simply the amplitude

that matters, but do such aspects as predictability, rise time,

and frequency range and modulation also play a key role?

How quickly do animals recover to pre-exposure levels and

do they show compensation for any noise-induced responses?

How are different members of the same species affected by

the same noise; are there, for example, age-, sex-, size- and

condition-dependent responses?

Third, it is clear that the same noise may not affect differ-

ent species in the same way. Such variation in impact could

have consequences at the dyadic level (i.e. when two species

interact). For example, if a predator is affected in a more det-

rimental manner than its prey [49], the reproductive success
of the latter may be enhanced in noisy environments. There

could also be consequences in terms of community structure.

Francis et al. [59] have found, for instance, that the nest suc-

cess of certain bird species increased at noisy treatment

sites compared with a quiet control, owing to a decrease in

the abundance of predators. To date, there have been rela-

tively few attempts to consider how anthropogenic noise

affects biodiversity per se (but see [59,60,76]) and findings are

mixed and potentially taxon specific. For instance, Herrera-

Montez & Aide [76] found that although avian biodiversity

declined in noisy areas, anuran biodiversity was not signifi-

cantly affected. Finally, recent work has provided, to our

knowledge, the first evidence that anthropogenic noise could

affect ecosystem services: Francis et al. [77] showed that noise

could influence pollination and seed dispersal. Interactions at

the community and ecosystem level are clearly more complex

than when considering single species, but are crucial for a full

understanding of the potential impact of anthropogenic noise.

Although the issues outlined above can potentially be

addressed using vertebrates, intergenerational studies consid-

ering the impacts of chronic or repeated exposure, as well as

the possibilities for recovery and compensation, are achiev-

able within relatively short time-frames using invertebrates.

Likewise, their small size and the relative ease of maintaining

populations in the laboratory make it possible to examine the

impacts of complex interactions with other stressors, dose-

and condition-dependence and intrapopulation differences

in response. Moreover, as invertebrates can be good bioindi-

cators of impacts of environmental change [78], they offer an

ideal opportunity to track the impact of anthropogenic noise

on wildlife in natural habitats. Not only are invertebrates

useful as models and indicators, but their ubiquity in ecosys-

tems throughout the world makes it important to assess how

noise is affecting them per se together with their interactions

with other species within the ecosystem.
6. Conclusion
Anthropogenic noise is an issue of international concern and

studies of its potential impacts are important and becoming

more prevalent. For brevity, this review has focused on terrestrial

species, but there is also increasing awareness of the effects of such

noise in aquatic environments [3,9]. Little direct work has so far

investigated how invertebrates, despite their probable vulner-

ability, are impacted (but see [12,13,79,80]). One potential

reason for this is that regulators and policymakers are intrinsically

more interested in how noise affects charismatic vertebrates.

However, research on invertebrates is not only important (invert-

ebrates are critical elements of all ecosystems, not least in

providing the food for most vertebrates), but also has the potential

both to assist with some of the current issues apparent in the lit-

erature and to drive the field forward, thus establishing the full

impact of this global pollutant. Unlike, for example, climate

change and ocean acidification, where studies are considering

future predicted changes, anthropogenic noise is an issue in the

present day. Advancing our knowledge of its impacts and devel-

oping mitigation measures is therefore of pressing importance,

and we argue that the study of invertebrates, perhaps within

the valuable framework recently outlined by Francis & Barber

[10], can play a crucial, yet currently underused role.
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(URSUS ARCTOS), GRAY WOLF (CANIS LUPUS), AND WOLVERINE
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ABSTRACT: Ninety-eight brown bears (Ursus arctos), 20 gray wolves (Canis lupus), and 27 wol-
verines (Gulo gulo), all free-ranging, were submitted to the National Veterinary Institute, Uppsala,
Sweden, during 1987–2001 for investigation of diseases and causes of mortality. The most com-
mon cause of natural death in brown bears was infanticide. Infanticide also was observed in
wolverines but not in wolves. Traumatic injuries, originating from road or railway accidents, were
the most common cause of death in wolves and occurred occasionally in brown bears. Most
wolverines were submitted as forensic cases in which illegal hunting/poaching was suspected.
Sarcoptic mange was observed in several wolves but not in brown bears or wolverines. Sarcoptic
mange most likely was acquired from infected red foxes (Vulpes vulpes) that were killed by wolves.
Other parasites and infectious diseases were only found sporadically.

Key words: Brown bear, Canis lupus, diseases, forensic medicine, Gulo gulo, infanticide,
mange, mortality, pathology, Sarcoptes scabiei, trauma, Ursus arctos, wolf, wolverine.

INTRODUCTION

Free-ranging populations of brown bear
(Ursus arctos) and gray wolf (Canis lupus)
have increased on the Scandinavian Pen-
insula during the last two decades, where-
as wolverine (Gulo gulo) numbers have
slowly declined. The brown bear popula-
tion in Sweden was estimated at approxi-
mately 1,000 animals in the year 2001; the
most recent estimate of the wolverine pop-
ulation was 250 animals (Anonymous,
1999). Approximately 25 yr ago, the wolf
population included less than five individ-
uals, but during the last 20 yr, it has in-
creased to more than 100 animals (Anon-
ymous, 1999). Sweden has a hunting sea-
son for brown bears, and approximately
50–60 are harvested annually. General
county permits issued by the Swedish En-
vironmental Protection Board regulate this
hunting, and a limited number of permits
are issued to each county. Permits to cap-
ture or kill wolverines (usually two–five an-
imals) are issued by the Swedish Environ-
mental Protection Board for protecting
semidomestic herds of reindeer (Rangifer

tarandus) in northern parts of Sweden.
The wolf is almost completely protected
by national legislation, and only a limited
number of permits for killing individual
problem wolves have been issued.

Brown bears, wolves, and wolverines
that are found dead in nature, that die
during research, or that are shot with per-
mission from the Swedish Environmental
Protection Board or county authorities are,
according to Swedish legislation, the prop-
erty of the Swedish state. Dead animals of
these species must be reported to the local
police and, thereafter, submitted to the
National Veterinary Institute (NVI) or the
Swedish Natural History Museum for ex-
amination and preservation. Because it is
responsible for forensic cases, the NVI re-
ceives a majority of these animals when
natural mortality because of disease is sus-
pected and when the cause of death is not
obvious. Animals that die in conjunction
with wildlife research projects also are
submitted to the NVI.

General knowledge about diseases and
natural mortality among free-ranging
bears, wolves, and wolverines in Sweden is
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TABLE 1. Causes of mortality in brown bears (Ursus
arctos) examined at the National Veterinary Institute,
Sweden, in the years 1987–2001.

Cause of mortality No. of animals (%)

Killed by bear
Vehicular collision
Emaciation
Circulatory collapse
Septicemia

16 (16)
5 (5)
3 (3)
2 (2)
1 (1)

Forensic casesa

Euthanizedb

Wildlife researchc

Unknown

41 (42)
12 (13)

9 (9)
7 (7)

Total 98 (100)

a Killed by hunters in self-defense or suspected to be illegally
shot

b Killed because either repeatedly killing domestic animals or
appearing in villages and/or eating out of garbage bins or
bee houses

c Died in conjunction with immobilization

sparse, mainly because of the depressed
populations during recent decades and
limited submissions for diagnostic evalua-
tion. This information is important, be-
cause excessive natural mortality can have
negative impacts on management success
for these species. With recent increases of
large-predator populations in Sweden, in-
creasing numbers of animals are available
for diagnostic evaluation at the NVI every
year. The present study summarizes dis-
eases and causes of death of brown bears,
wolves, and wolverines examined at the
NVI from 1987 to 2001.

MATERIALS AND METHODS

Ninety-eight free-ranging brown bears, 20
wolves, and 27 wolverines examined at the NVI
between 1987 and 2001 were included in the
present study. Necropsies were conducted on
all animals according to a standard protocol,
with special attention given to forensic cases.
For cases in which poaching was suspected, as
well as in most forensic cases, the whole animal
was radiographed to detect fragments of bullets
or lead pellets. Animals were aged according to
body size, weight, and dental development and
were classified as juvenile (,1 yr), young (1–2
yr), or old ($3 yr).

Specimens from liver, spleen, kidney, heart,
and lung, as well as any tissue with signs of
disease, were fixed in 10% neutral buffered for-
malin, sectioned at 4 m, and examined histolog-
ically. When bacterial infections were suspect-
ed, liver and spleen or tissues with lesions were
cultured for bacterial growth. In cases when
parasitic infections were suspected, macroscop-
ic examinations of the stomach, intestine, and
lungs as well as fecal floatation and washing tis-
sue through a sieve were used to recover par-
asites for identification. Samples of diaphragm
or cheek muscle were routinely evaluated for
Trichinella spp. by trichinoscopy or a digestion
method (Roneus and Christensson, 1979).

RESULTS

Brown bear

Causes of mortality in brown bears are
shown in Table 1. The most frequent cause
of natural death was traumatic injury; 16
bears (16% of total submissions) were
killed by other bears. All but one of these
cases were young bears, and based on sup-
porting observations from the field, these

were classified as infanticide. Nine of these
bears were less than 1 yr old, and six were
1–2 yr old. Eight were females, and seven
were males. One bear was an adult female,
and in this case, a male bear killed both
cub and sow. Road accidents were the
cause of mortality in five bears (5%).
Three bears (3%), all younger than 1 yr,
died from starvation.

Most forensic cases involved bears killed
by hunters in self-defense during moose
hunting. Seven bears were killed with spe-
cial permission, because they were repeat-
edly appearing inside villages and/or eating
from garbage bins.

Nine and 41 bears were examined for
intestinal parasites and Trichinella spp., re-
spectively. No parasites were detected.

Wolf

Causes of mortality in wolves are shown
in Table 2. The most common cause of
death in wolves (seven animals, 35% of to-
tal) was traumatic injuries associated with
vehicular collisions.

One wolf, a young female, was killed as
a result of a broken skull. Presumably, this
injury was inflicted by a moose, as deter-
mined by supporting field evidence (ob-
served tracks) that indicated a fight had
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TABLE 2. Causes of mortality in wolves (Canis lu-
pus) examined in the National Veterinary Institute,
Sweden, in the years 1987–2001.

Cause of mortality No. of animals (%)

Sarcoptic mange
Traffic collision
Killed by moose
Septicemia
Malformation

4 (20)
7 (35)
1 (5)
1 (5)
1 (5)

Forensic casesa

Euthanizedb

Unknown

4 (20)
1 (5)
1 (5)

Total 20 (100)

a Killed by hunters in self-defense or suspected to be illegally
shot

b Killed because either repeatedly killing domestic animals or
appearing in villages and/or eating out of garbage bins or
bee houses

TABLE 3. Causes of mortality in wolverines (Gulo
gulo) examined in the National Veterinary Institute,
Sweden, in the years 1987–2001.

Cause of mortality No. of animals (%)

Predator/other wolverine
Nephritis
Forensic casesa

Wildlife researchb

Unknown

11 (41)
1 (4)
9 (33)
3 (11)
3 (11)

Total 27 (100)

a Killed by hunters in self-defense or suspected to be illegally
shot

b Died in conjunction with immobilization

taken place between a moose and wolves.
Sarcoptic mange, most likely acquired
from affected red foxes (Vulpes vulpes),
was the primary mortality factor in four
wolves. Three of the four cases of sarcoptic
mange occurred in the year 2001 in a fam-
ily group; one 1-yr-old animal and two 1.5-
yr-old animals were affected. Septicemia,
caused by Pasteurella multocida, was ob-
served in one wolf.

Malformation of the spinal cord was ob-
served in a 6-yr-old male with hemiverte-
bra of the seventh thoracic vertebra. In-
creasingly debilitating clinical signs were
observed by volunteers tracking this ani-
mal approximately 3 wk before it was
killed. The animal was finally paralyzed in
the hind legs and was incontinent.

One female was killed because of in-
creasing interactions with male dogs. Con-
cern existed that cross-breeding might oc-
cur, and she had repeatedly killed hunting
dogs. Four wolves were examined as fo-
rensic cases, and all four animals were
killed illegally (either shot or run over by
snowmobile).

Seven animals were investigated for in-
testinal parasites and nine for Trichinella
spp. Of these, one wolf was infected with
Taenia hydatigena and another with Un-
cinaria stenocephala.

Wolverine

Causes of mortality in wolverines are
shown in Table 3. The most common
cause of death (11 animals, 41% of sub-
missions) was traumatic injuries inflicted
by other predators or wolverines. Other
wolverines were identified as the source of
this trauma in four cases; the source was
uncertain in the remaining seven cases.
Chronic nephritis was the primary cause
of death in an old and emaciated male.
Nine wolverines were examined as foren-
sic cases, and all were found to have been
either shot or killed in an illegal activity,
such as being run over by a snowmobile
and killed by a head trauma.

DISCUSSION

The present study was restricted to an-
imals submitted to the NVI, and the re-
sults may not accurately represent all caus-
es of natural mortality among these species
in Sweden. For example, very young ani-
mals will be underrepresented in such
submissions because of the den-related
behavior of these species. These results,
however, do provide information about
causes of death associated with animals
likely to be detected and reported by both
the public and wildlife professionals. Many
of the submitted animals were radiocol-
lared as part of unrelated scientific studies.
This was particularly true for wolves, be-
cause a large proportion of the existing
population in Sweden is radiocollared and
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most adults are found after death. This
should provide very complete and accurate
information regarding adult wolf mortality
in the future.

Overall, the most common cause of
death in brown bears, wolves, and wolver-
ines was traumatic injuries, and in wolves,
these injuries were associated with vehi-
cles. This may reflect the natural habit of
wolves to move long distances from forests
in the west and north of Sweden into more
populated and road-dense areas in the east
and south. Only five brown bears (5%) and
none of the wolverines died from vehicle-
related injuries, reflecting that these ani-
mals live in sparsely populated mountain
and forest areas in the north and west of
Sweden; both areas have few major roads.
This contrasts with the results reported for
black bears (Ursus americanus) in Florida,
USA, where accidents related to vehicles
caused more than 50% of reported mor-
tality (Dunbar et al., 1998). This difference
may be explained by the fact that Florida
has a road-dense area.

In brown bears and wolverines, intra-
species killing (infanticide) was the most
common cause of natural mortality. Infan-
ticide often could be verified with sup-
portive field evidence of fighting, because
animals were radiocollared or being
tracked. Infanticide is believed to relate to
limited resources, social pathology, paren-
tal manipulation, predation, and/or sexual
selection (Hausfater and Hrdy, 1984), and
it has been reported in a large number of
animal species and humans (Hrdy, 1979;
Hausfater and Hrdy, 1984; Dunn et al.,
2002). Infanticide has been reported pre-
viously among brown bears in Sweden
(Swenson et al., 1997). Intraspecific fight-
ing among wolverines also has been re-
ported previously in northern Scandinavia
and was the most important cause of ju-
venile mortality (Person et al., 2003). In-
fanticide in brown bears probably is asso-
ciated most commonly with territorial
males (Swenson et al., 1997). As indicated
by one observed case in which both an
adult female and her cub were killed, such

mortality also may occur in adults while
presumably defending their young.

Several ongoing wildlife research pro-
grams in Sweden involve large predators,
and a large number of the brown bears,
wolves, and wolverines are currently fitted
with radiocollars or intra-abdominal radio-
transmitters. These animals are easily
found when dead; this allows accurate es-
timates of illegal hunting, which unfortu-
nately still occurs in Sweden (World Wild-
life Fund Sweden, 2001).

Mortality caused by infectious diseases
in free-ranging brown bears appears to be
uncommon. Captive brown bears report-
edly have died from Aujeszky’s disease
(Banks et al., 1999), but this disease has
not been observed in free-ranging animals,
even in areas where wild boar (Sus scrofa)
are infected (Capua et al., 1997). Mortality
caused by infectious diseases, with the ex-
ception of sarcoptic mange, also seems to
be rare in free-ranging wolves in Sweden.
We found one case of septicemia caused
by P. multocida but no indications of mor-
tality associated with any other infectious
disease. Reports on infectious diseases in
free-ranging wolves include canine parvo-
virus infection (Mech and Sagar, 1993;
Johnson et al., 1994), rabies (Rupprecht et
al., 2001), canine distemper (Johnson et
al., 1994), and leptospirosis (Khan, 1991).
Mortality among wolf pups has been re-
ported as a possible result of canine par-
vovirus or canine distemper infection in
wild wolf packs in the USA (Johnson et al.,
1994; Mech et al., 1997). Both the pres-
ence and potential impact of viral infec-
tions in Swedish wolves are unknown, and
to our knowledge, no serologic data are
available. Because the causes of mortality
among wolf pups in Sweden are also un-
known, obtaining more information re-
garding viral or bacterial diseases that oc-
cur in the wolf population may be war-
ranted. The potential impact of sarcoptic
mange, which was found in several wolves
of the present study, also deserves atten-
tion, especially given the social behavior of
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this species and the potential for introduc-
tion by other domestic or wildlife species.

Information related to diseases and
mortality in wolverines is sparse. Addison
and Boles (1978) as well as Wilson and
Zarnke (1985) reported on parasites in
wolverines, and with the exception of a se-
rologic survey of orthopoxviruses in car-
nivores in Scandinavia (Tryland et al.,
1998), we could find no other reports of
infectious diseases in wolverines.

Endoparasites were uncommon in all
species included in the present study. This
is in contrast to results for these species
reported from North America (Addison
and Boles, 1978; Phillips and Scheck,
1991) and Belarus (Shimalov and Shima-
lov, 2000), where endoparasites appear to
occur more frequently. Trichinella spp. is
reported in wolves from many parts of the
world (Dick and Pozio, 2001) and in griz-
zly bears from Alaska (Zarnke et al., 1997).
This parasite is quite common in red foxes
in Sweden, and it has been found previ-
ously in large predators in Sweden (Mör-
ner, 1992). The reason we did not detect
Trichinella spp. in brown bears in the pre-
sent study is not understood but may re-
late to food habits. Brown bears do not
normally feed on red foxes or badgers
(Meles meles) (Dahle, 1996; Sandegren
and Swenson, 1997), which represent the
main reservoirs of Trichinella spp. in Swe-
den. Trichinella spp. also was not found in
20 brown bears examined during the
1970s in Sweden (Roneus and Christens-
son, 1979) but was reported to be present
in 9% of brown bears and 33% of the
wolves examined in Finland from 1996 to
1998 (Oivanen et al., 2002). The high
prevalence among wolves in Finland could
be related to the high infection rate (38%)
of Trichinella spp. in the raccoon dog
(Nyctereutes procyonides), which is not
present in Sweden (Oivanen et al., 2002).
In Finland, the infection rates in brown
bears and wolves were highest in the
southwestern part of the country, where
the raccoon dog is common.

Malformation of the spinal cords was

observed in one 6-yr-old male wolf. This
male is believed to have sired two litters.
If hereditary, this malformation might be
important in the future wolf population, as
has been described in dogs (Kramer et al.,
1982). However, no more cases of spinal
cord malformations have been observed
during the last 3 yr.

Swedish brown bear and wolf popula-
tions currently are increasing, and the an-
imals generally are in good condition. The
present report demonstrates that infec-
tious diseases, possibly with the exception
of sarcoptic mange in wolves, do not seem
to be a factor that is negatively impacting
these populations. Illegal killing and mor-
tality associated with other human activity,
however, are problems that could poten-
tially impact future management of these
species, especially in the case of the wolf
population. The cause of the negative
trend in wolverine numbers is unknown,
but results suggest that it may relate to il-
legal killing.
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Sources and Patterns of Black Bear Mortality
in Louisiana
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Abstract: Louisiana black bears (Ursus americanus luteolus) are protected under the
Endangered Species Act and live in 3 isolated geographic areas thought to encompass
nearly all breeding individuals for that subspecies. Management strategies to recover
these bears continue to evolve without knowledge of any differences in demographic
patterns among these populations. We summarized data on Louisiana black bear deaths
to see if any evidence existed for differences in mortality patterns among the 3 subpop-
ulations. Since June 1992, 34 of 75 (45±6 [SE]%) verified losses (72 deaths plus 3 live
removals) were caused by vehicular collisions, including road kills (27), farm equip-
ment (5), and train (2), which was the most common cause of death. Although this bear
subspecies has been protected under the Endangered Species Act since 1992, at least 12
(16±4%) have been illegally shot. Nearly two-thirds of verified deaths have come from
the coastal population, which is not believed to be as abundant as the population in
northeast Louisiana. Also, mortalities in the coastal population were predominantly
adult females, whereas subadult males dominated mortalities in northeast Louisiana.
Given the frequency with which adult females have been lost from the coastal popula-
tion, the geographic limits of suitable bear habitat, and increasing development, long-
term viability of this population is precarious. Patterns of observed mortalities alone
suggest that conservation agencies must develop area-specific management strategies
for these 3 isolated populations.

Proc. Annu. Conf. Southeast. Assoc. Fish and Wildl. Agencies 54:365-373

In the Coastal Plain of the southeastern United States, several relatively isolated
black bear populations exist which differ by geographic extent and availability of

1. Present address: Northeast Fisheries Science Center, 166 Water Street, Woods Hole, MA 02543.
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Figure 1. Louisiana black bear populations study areas designated for the analysis of
mortality patterns.

habitat and are imperiled in the region primarily because of habitat loss (Wooding et
al. 1994). Therefore, habitat enhancement and protection actions should dominate re-
covery or maintenance strategies offered for regional and state-wide bear popula-
tions. However, demographic patterns may affect short-term stability of local popu-
lations. Reproductive outputs vary within and among black bear populations, but this
variability is generally thought to be a consequence of food availability and habitat
quality (Pelton 1982, Bunnell and Tait 1981). Even if reproduction, which is gener-
ally difficult to monitor in unharvested bear populations, could be quickly enhanced
through management, increased reproductive output does not always produce re-
cruitment (Garshelis 1994). Conversely, differing mortality patterns may be a useful
short-term indicator that new management emphases may benefit a local bear popu-
lation. Evaluations of mortality patterns, in particular road kills, have been published
for other coastal southeastern coastal plain bears, including North Carolina (Warbur-
ton et al. 1993), Florida (Wooding and Brady 1987) and the Great Dismal Swamp in
Virginia (Hellgren and Vaughan 1989). We examined mortality sources and patterns
for 3 relatively isolated black bear populations in Louisiana to determine if differ-
ences emerged among these populations or with other published reports that sug-
gested differing management emphases were warranted.

Because all of Louisiana lies within the historic range of U. a. luteolus (Hall
1981), all Louisiana bears are protected by similarity of appearance and listed as
threatened under the Endangered Species Act of 1973 (Fed. Reg. 57[4]:588:595).
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Three relatively isolated geographic areas encompass all the known black bear breed-
ing populations in Louisiana (Fig. 1). Probably the most numerous bear population
located is in northeast Louisiana and is composed of 2 subpopulations with minimum
interchange due to their separation by U.S. Interstate 20 (Pace et al. in press). The In-
land Atchafalaya River population is considerably smaller than the other 2 popula-
tions (Pace et al. in press). All 3 populations have been subjects of continuous capture
and tagging efforts since 1992 (Pace et al. in press) and researchers, together with the
various responsible wildlife managment agencies, have placed a high priority on in-
vestigating and reporting bear deaths. However, no attempt had been made to summa-
rize these data and assess their usefulness for setting management strategies.

We are grateful to many biologists, agents, mangers, technicians, and students
who spent many field hours helping acquire these data. Research efforts have been
supported by a wide array of public and private funding arrangements including con-
siderable support from the U.S. Fish and Wildlife Service and the Louisiana Depart-
ment of Wildlife and Fisheries. We are also grateful to an increasingly knowledge-
able and responsive public in Louisiana who reported many of the otherwise
unverifiable bear deaths or who otherwise aided our agencies' efforts. We thank D.
Hightower, M. Vaughan, R. Wagner, and an anonymous referee for their reviews of
our manuscript.

Methods

The 3 areas in Louisiana with occupied bear range are: 1) the Tensas River Basin
(Tensas) on lands within, surrounding, and north of Tensas River National Wildlife
Refuge (TRNWR), 2) the upper Atchafalaya River Basin (Inland ARB), especially
the northwestern two-thirds of Point Coupee Parish, and 3) the coastal area west of
the Atchafalaya River Delta (Coastal ARB), primarily south of U.S. Hwy. 90 in St.
Mary and Iberia parishes. Considered part of the Tensas bear population, but north of
and separated from TRNWR by U.S. Interstate 20 (1-20), are a number of bears liv-
ing in small fragmented forest tracts owned by Deltic Timber Corporation. Tensas
bears south of 1-20 rarely encounter high-to-moderate traffic roads, whereas those
north of 1-20 are often forced to cross such roads to move among fragmented forest
patches (Anderson 1997, Marchinton 1995). Road distribution and traffic volumes
relative to bear habitat may be roughly comparable between Tensas north of 1-20 and
Inland ARB. In contrast, bear habitat in Coastal ARB is dissected by more well-trav-
eled, paved, 2-lane roads. Row-crop agriculture is a common land use in all 3 geo-
graphic areas, but sugarcane farming is commonly practiced in Coastal ARB, occurs
on the fringe of Inland ARB, and is absent in Tensas.

We pooled information from data bases held by 3 agencies to construct a list of
verified bear mortalities. Verified mortalities were distinguished among reported
mortalities by having filed reports demonstrating that agency personnel or bear re-
searchers had examined the carcass. Dead bears were identified to study area, sex,
age class (adult [>3], subadult, and cub of the year [<1]), whether or not the bear
was tagged (ear tag and/or radio collar), probable cause of death, and date of death.
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Dates of deaths varied in precision due to decomposition states of carcasses and were
recorded as the first of the month if only month was reported.

We graphically explored data for patterns in timing of death (by year or month).
We used loglinear models (Fienberg 1977) to examine associations between counts
of deaths and sex, age (adult or subadult [included cubs of the year]), and area. Using
a subset that excluded management and research-related losses, pooling among types
of vehicular deaths and pooling other deaths, we used Fisher's exact test to examine
if mortality counts by type (open situation vs. secluded situation) was independent of
whether or not bears were tagged. This later test was performed to address whether
or not inclusion of bears without radios would bias frequency of mortality causes to-
ward vehicular deaths.

Results

Between 1 June 1992 and 31 May 2000, at least 75 bear (72) deaths plus live re-
movals (3) occurred in Tensas (18), Inland ARB (8), and Coastal ARB (49) (Table 1).
These 75 losses were attributed to road kills (27), unknown causes (15), shootings
(12), management takes (8), sugarcane harvesting equipment (5), natural (4), research
takes (2), and trains (2). Losses resulting from management actions included takes of 7
nuisance bears and 1 orphaned cub. Two management actions were live removals of
nuisance bears from the population and their placement in zoos. The orphaned cub was
moved from Coastal ARB to a rehabilitation center and later released at Tensas on 12
December 1997. It was radio-tagged at release and known to have left Tensas; its
whereabouts are at present unknown. Management takes represented losses only to
Coastal ARB (7) and Inland ARB (1). The 2 research takes were from deaths related to
trapping efforts. Only 8 losses were observed for the Inland ARB population, and 4 of
these were from illegal shooting. Mortalities were distributed somewhat uniformly
among years (Fig. 2), but unevenly among months (Fig. 3). Relatively few deaths were

Table 1. Verified Louisiana black bear deaths (72) and live removals
(3) from 3 areas arranged by probable source summed over years for the
period 1 June 1992-31 May 2000.

Source

Road kill
Poaching
Unknown
Management take"
Cane harvester
Natural
Train
Research take

Totals

Coastal ARB

17
6

10
7
5
2
1
1

49

Inland ARB

4
1
1

1
1
8

Tensas

10
2
4

5
2

18

Total

27
12
15
8

4
2
2

75

a. Includes 3 live removals. Two animals were placed in zoos. The third was moved from Coastal ARB to a

rehabilitation center and later released at Tensas on 12 December 1997. It was radio tagged at release and

known to have left Tensas; its whereabouts are at present unknown.
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Figure 2. Verified bear deaths (72) and live removals (3) by year for the period 1 June
1992-31 May 2000 combined for 3 areas of Louisiana.

observed in the months of March through June (12±4%), whereas 25 ±5% occurred in
November (Fig. 3). Road kills of males were nearly equal between January-June vs.
July-December (6 vs. 8), whereas all 13 road kills of female bears occurred July-De-
cember (Fisher's exact test F=0.016). Mortality counts by source were nearly identi-
cal between sexes (all areas pooled) except for management takes (6M: 2F).

Despite small sample sizes, we had statistical evidence that mortalities (N=65),
excluding research and management takes, were distributed disproportionately across
areas by sex and age class (subadult and adult) (/2=9.18, df=3, P=0.03). Adult fe-
male bears (42%) comprised the majority of deaths in Coastal ARB, whereas 9 of 18
Tensas bear deaths were subadult males (Table 2). During 8 years of observation, 8.5
times as many adult female bear deaths were recorded from Coastal ARB than Ten-
sas. We observed 7 deaths of cubs of the year, all of which occurred in Coastal ARB.

R TENSAS

K INLAND ARB

111 COASTAL ARB

1992 1994 1996 1998 2000
1993 1995 1997 1999

Year

Figure 3. Verified bear deaths (72) and live removals (3) by month combined over the
period 1 June 1992-31 May 2000 and over 3 areas of Louisiana.
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Table 2. Verified bear deaths (72) plus live removals (3)
arranged by sex, age, and area, and summed over years for the pe-
riod 1 June-31 May 2000.

Area

Coastal ARB
Tensas
Inland ARB

Totals

Male

Subadult

11
9
2

22

Adult

10
5
1

16

Female

Subadult

7
2
1

10

Adult

17
2
3

22

Total

49a

18
8b

75

a. Total includes 4 bears of unknown sex and/or age.

b. Total includes 1 bear of unknown age.

Over all, 35% of dead bears (excluding research and management takes) were
wearing radio collars and the proportion was the same for Tensas and Coastal ARB.
We had no statistical evidence to suggest that the proportion of bears wearing radio
collars differed between deaths in relatively open settings (road kills, sugarcane har-
vesting equipment, and trains) and deaths in relatively secluded settings (shootings,
natural, and unknown) (Fisher's exact test P=0A26). Neither did proportions differ
for open-setting deaths among radio tagged, ear tagged only, and untagged bears
(Fisher's exact test P=0.294). These results suggest that including unmarked bears
did not strongly bias the observed distribution of deaths among causes of mortality.

Discussion

Based upon habitat availability, trapping success, and associated observations
during 1988-1998, the expert opinions of biologists have remained constant and
place the combined or statewide bear population at 200-300 animals (excluding
cubs of the year), with the population distributed according to Tensas > Coastal
ARB > > Inland ARB. At such low population abundance, moderate levels of an-
thropogenic mortality will depress bear population growth rates, especially if adult
females constitute many of the deaths. Hence, the larger number of deaths observed
and the high proportion of adult females lost from Coastal ARB and Inland ARB
were especially disconcerting. An analysis of mark-recapture data gathered during
1992-2000 (R. M. Pace, La. Coop. Fish and Wildl. Unit, Baton Rouge, La., unpubl.
data) provided evidence for lower adult female survival in Coastal ARB
(75.8±8.6%) than in Inland ARB (94.0±8.2%) which was more indicative of an un-
exploited bear population (Bunnell and Tait 1981).

Road kills are a common source of non-hunting mortality in bear populations
(Pelton 1982). Evaluations of road kills have been published for other coastal south-
eastern coastal plain bears, including North Carolina (Warburton et al. 1993), Florida
(Wooding and Brady 1987), and the Great Dismal Swamp in Virginia (Hellgren and
Vaughan 1989). In general, young males are the most common group of bears in road
kill statistics (Wooding and Brady 1987, Warburton et al., 1993), especially during
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summer. As in North Carolina and Florida, road kills of female bears were more
common in fall, which is at least partly explained by female home range and habitat
use shifts in fall (Hellgren and Vaughan 1989, Nyland 1995, Wagner 1995). In
Coastal ARB, many bears use sugar cane fields in fall (Nyland 1995), which places
them near roads more often during summer than winter.

We continue to be amazed by the number of illegal shootings of bears in
Louisiana. Some of these undoubtedly occurred as the result of nuisance situations in
rural settings. Some were linked to perpetrators ostensibly engaged in legal hunting,
and for whatever reason decided to shoot a bear. Although agencies and non-govern-
mental groups have been engaged in a public information campaign and nuisance
abatement program for several years, these takes do not seem to have slowed.

We are somewhat surprised by our lack of evidence that the proportion of bears
wearing radio collars was different among mortality causes. Because of the relatively
dense understory and forbidding terrain of areas occupied by bears in Louisiana, it
would be extremely difficult to locate bears that died from poaching, unknown, or
natural causes without a radio tag on or near the carcass. We believe that our consid-
erable ongoing efforts to trap, tag, and monitor bears coupled with aid from landown-
ers interested in our work, led us to many dead but uncollared bears. Concomitantly,
radio tags probably allowed us to find some bears that were struck by vehicles and
wandered away from the road (open setting mortality) to secluded sites. The net re-
sult is that we believe our tabulation of mortality sources is less biased than a study
without any radio-tagged animals, but may be somewhat biased relative to a study
based solely on radio-tagged animals.

Management Recommendations

Antropogenic causes of mortality are taking a relatively large toll on the Coastal
ARB population, both in terms of absolute numbers and because adult females repre-
sent a high proportion of the take. Similarly, female losses in Inland ARB are unac-
ceptably high if that small population is to recover. Conversely, the mortality pattern
observed in Tensas was predictable from life history and behavioral knowledge of
black bears: young male bears tend to disperse and face greater hazards (Wooding
and Maddrey 1994). The Coastal ARB population represents a challenge if manage-
ment goals include the long term maintenance or enhancement of this population.
Wildlife conservation agencies can do little to slow increasing human population
growth and development in the area. The U.S. Fish and Wildlife Service has begun
acquisition of land for a refuge featuring bears within Coastal ARB. Agencies have
already joined with academic and non-governmental groups to work toward
Louisiana black bear restoration (Bullock 1992), but the education and public aware-
ness efforts need to be increased. Because poaching appears to be a relatively sub-
stantial cause of mortality in Coastal ARB and possibly Inland ARB, any increase in
enforcement activities should be directed to those areas.

Management plans include repatriation of native bears to suitable vacant habitat
within the historic range of Louisiana black bears (U.S. Fish and Wildl. Serv. 1995).
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An effective method for repatriation appears to be winter translocation of female bears
with their cubs of the year. Repatriation actions require selections of source popula-
tions from which adult females would be taken. Our mortality data represent the first
comparative demographic information upon which to base a selection of a source pop-
ulation. In an analysis of mark recapture data spanning the same 8 years for Coastal
ARB and Inland ARB, Pace (La. Coop. Fish and Wildl. Unit, Baton Rouge, unpubl.
data) estimated annual survival of adult females at 75.8±8.6% and 94.0±8.2%, re-
spectively. The already relatively low apparent survival and the disturbingly dispropor-
tionate number of mortalities of adult females in Coastal ARB seem to disqualify
Coastal ARB as a potential source population until a more complete analysis of the im-
pact of these removals on the long-term viability of this population can be completed.
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REVIEW 
Long-Term Ecosystem Response to the 

Exxon Valdez Oil SpiLL 
Charles H. Peterson,'* Stanley D. Rice,2 Jeffrey W. Short,2 Daniel Esler,3 

James L. Bodkin,4 Brenda E. Ballachey,4 David B. Irons5 

The ecosystem response to the 1989 spill of oiL from the Exxon Valdez into Prince 
William Sound, Alaska, shows that current practices for assessing ecological risks of oil 
in the oceans and, by extension, other toxic sources shouLd be changed. PreviousLy, it 
was assumed that impacts to populations derive almost exclusively from acute mortal
ity. However, in the ALaskan coastal ecosystem, Jnexpected persistence of toxic sub
surface oil and chronic exposures, even at subLethal Levels, have continued to affect 
wildlife. Delayed population reductions and cascades of indirect effects postponed 
recovery. Development of ecosystem-based toxicology is required to understand and 
uLtimateLy predict chronic, deLayed, and indirect Long-term risks and impacts. 

B
efore the Exxon Valdez oil spill , infor
mation available for constructing risk 
assessment models to predict ecologi

cal impacts of petroleum hydrocarbons was 
limited to selective, largely short-term 
monitoring after previous oil spills and to 
tests of acute toxicity in laboratory-tolerant 
taxa (I). After the tanker Exxon Valdez 
grounded on Bligh Reef in northern Prince 
William Sound on 24 March 1989, the 
magnitude of the spill, extent of shoreline 
contamination , and evident high mortality 
of wildlife prompted an evaluation of eco
logical impacts of unprecedented scope and 
duration extending now for more than 14 
years (2- 5) . The release of 42 million liters 
of Alaskan North Slope crude oil contami
nated to some degree at least 1990 km of 
pristine shoreline. Prince William Sound 
was most severely affected, but the oil 
spread more than 750 km to the southwest 
along the Kenai Peninsula, Kodiak archi
pelago, and the Alaska Peninsula (Fig. I). 
Years of study provide a new understand
ing of long-term biological impacts and 
recovery processes in a coastal ecosystem 
populated by abundant marine mammals, 
seabirds, and large fishes (2- 5) . 
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Delays in recovery and emergence of 
long-term impacts are understood by bringing 
an ecosystem perspective to ecotoxicology 
(6). The ecosystem framework extends eco
toxicology to include interactions among 
multiple abiotic and biological components 
rather than treating each species separately 
and restricting assessment to acute short-term 
impacts (7). Disagreements exist between 
Exxon- and government-funded scientists 
(8), and unknowns persist, especially in un
derstanding how multiple processes com
bine to drive observed dynamics. Neverthe
less, these uncertainties do little to diminish 
the general conclusions: oil persisted be
yond a decade in surprising amounts and in 
toxic forms, was sufficiently bioavailable 
to induce chronic biological exposures, and 
had long-term impacts at the population 
level. Three major pathways of induction of 
long-term impacts emerge: (i) chronic per
sistence of oil , biological exposures, and 
population impacts to species closely asso
ciated with shallow sediments; (ii) delayed 
population impacts of sublethal doses com
promising health, growth, and reproduc
tion; and (iii) indirect effects of trophic and 
interaction cascades, all of which transmit im
pacts well beyond the acute-phase mortality. 

Acute-Phase Mortality 

After the release of crude oil from the Exxon 
Valdez into Prince William Sound (PWS), 
acute mortality followed a pattern largely 
predictable from other oil spills. Because ma
rine mammals and seabirds require routine 
contact with the sea surface, these taxa expe
rience high risk from floating oil (2, 6). Oil
ing of fur or feathers causes loss of insulating 
capacity and can lead to death from hypother
mia, smothering, drowning, and ingestion of 

toxic hydrocarbons. Accordingly, mass mor
talities of 1000 to 2800 sea otters (9) and 
unprecedented numbers of seabird deaths es
timated at 250,000 (10) were documented 
during the days after the spill. An estimated 
302 harbor seals, a short-haired marine mam
mal, were killed not by oiled pelage but likely 
from inhalation of toxic fumes leading to 
brain lesions, stress, and disorientation (2). 
Mass mortality also occurred among mac
roalgae and benthic invertebrates on oiled 
shores from a combination of chemical tox
icity, smothering, and physical displacement 
from the habitat by pressurized wash-water 
applied after the spill (5, 7). 

Persistence of Oil: Ecosystem 
Sequestration 

Only early phases of transport and transfor
mation of the petroleum hydrocarbons fol
lowed expectations (/1). About 40 to 45% of 
the oil mass grounded in 1989 on 787 km of 
PWS beaches; another 7 to II % was trans
ported to contaminate 1203 km of Gulf of 
Alaska shoreline (11, 12). About 2% re
mained on intertidal PWS beaches after 3.5 
years (11) ; this reflected an exponential 
decay rate of - 0.87 year- I, which in turn 
produced a loss of 58% over a year. Unex
pectedly (3), rates of dispersion and degra
dation diminished through time, as most oil 
rema ining after October 1992 was seques
tered in environments where degradation 
was suppressed by physical barriers to dis
turbance, oxygenation, and photolysis (/2). 
A 200 I survey of intertidal PWS shorelines 
revealed 55 ,600 kg of often little weath
ered, Exxon Valdez oil in intertidal subsur
face sediments .and a perhaps equal mass of 
high-intertidal degraded surface oil and 
lower-intertidal, minimally weathered sub
surface oil (13) . This represents a decay 
rate from 1992-200 I of only - 0.22 to 
- 0.30 year- I (20 to 26% loss over a year) 
from the 806,000 kg estimated to be present 
on PWS beaches in 1992. 

Sedimentary refuges inhibited degrada
tion and sequestered persistently toxic oil in 
the intertidal zone of coarse-grained gravel 
shores where geomorphologic armoring by 
boulders and cobbles inhibited disturbance 
by waves (/2). Some of this oil was similarly 
trapped under mussel beds providing an 
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enduring route of entry into many food chains 
(14). The subsurface cobbles and gravels of 
stream banks (15) harbored biologically 
available oil, exposing and killing pink salm
on embryos through at least 1993 (/6). Thus, 
heavily oiled coarse sediments formed and 
protected subsurface reservoirs, sequestering 
oil from loss and weathering in intertidal 
habitats containing fish eggs and invertebrate 
predators (sea otters, seaducks, and 
shorebirds). 

Long-Term Population Impacts 

Chronic exposures of sediment-affiliated spe
cies. Chronic exposures for years after the 
spill to oil persisting in sedimentary refuges 
were evident from biomarkers in fish (17), 
sea otters (18), and seaducks (/9) intimately 
associated with sediments for egg laying or 
foraging. These chronic exposures enhanced 
mortality for years. In 1989, prediction of oil 
risk to fishes was based largely on testing 
acute toxicity in short-term (- 4-day) labora
tory exposures to the water-soluble fraction 
dominated by 1- and 2-ringed aromatic hy
drocarbons (8). After the spill , fish embryos 
and larvae were chronically exposed to par
tially weathered oil in dispersed forms that 
accelerate dissolution of 3-, 4-, and 5-ringed 
hydrocarbons largely missing from the tradi
tional laboratory toxicity assays (/5). Labo
ratory experiments showed that these multir
inged polycyclic aromatic hydrocarbons 
(PAHs) from partially weathered oil at con
centrations as low as I ppb are toxic to pink 
salmon eggs exposed for the months of de
velopment and to herring eggs exposed for 16 
days (20, 21). This process explains the ele
vated mortality of incubating pink salmon 
eggs in oiled rearing streams for at least 4 
years after the oil spill (/6). 

After 1989, sea otter recovery of about 
4% per annum (averaged throughout west" 
ern PWS) has fallen far short of the 10% 
expected from earlier population recovery 
after termination of trade in sea otter pelts 
(22). At heavily oiled northern Knight [s
land, sea otters have remained at hal f the 
estimated prespill numbers with no recov
ery initiated by 2000, whereas an unoiled 
Montague Island population doubled just in 
the period from 1995 to 1998 (23). Spring 
carcass collections in 1976 - 85 and again 
in 1989 - 98 produced age-at-death data, 
which allowed popUlation modeling to 
demonstrate that sea otter survival in the 
oiled portion of PWS was generally lower 
in the years after the spill and declined 
rather than increased after 1989 (24). This 
response surprisingly included higher mor
tality of animals born after the spill , impli
cating a substantial contribution from 
chronic exposure. Persistent exposure to oil 
in 1996 - 98 is confirmed by higher levels of 
the detoxification enzyme CYP I A in indi-

viduals from northern Knight than from 
Montague Island (18). Abundance of sea 
otter prey (clams, mussels, crabs) did not 
differ between Knight and Montague dur
ing this period, so prey availability fails to 
explain suppression of popUlation recovery 
(23). Suspension-feeding clams and mus
sels concentrate and only slowly metabo
I ize hydrocarbons, which leads to chroni
cally elevated tissue contamination that 
persisted in one prominent prey of sea ot
ters, the clam Protothaca staminea, until at 
least 1996 (7). Sediments in protected ar
eas, including oiled mussel beds and shal
low eelgrass habitats (25), also retained 
contamination, with recovery to back
ground in oiled mussel beds estimated from 
repeated sampling to require up to 30 years 
(14). Thus, foraging sea otters suffered 
chronic exposure to residual petroleum hy
drocarbons from both sediment contact and 
ingestion of bivalve prey. [n contrast, pis
civorous river otters showed little evidence 
of chronic oil exposure even along heavily 
oiled shorelines, implying that foraging in 
sediments entails greater risk (/8). 

Among marine birds, harlequin ducks ex
hibited the most unanticipated chronic impact. 
Radio tracking of adult females revealed higher 
mortality rates while overwin-

REVIEW 

Other marine birds that forage in shal
low sediments showed evidence of persis
tent exposure to residual oil after the spill. 
Barrow's goldeneye, a sea duck that over
winters in coastal Alaska and forages in 
intertidal mussel beds , declined in abun
dance in oiled relative to unoiled bays im
mediately after the spill with no evidence 
of recovery through 1991 (28). Along oiled 
Knight Island shorelines, Barrow's golden
eye showed chronic exposure to oil into 
winter 1996 -97, as evidenced by induction 
of CYP I A (/9). The association between 
foraging on littoral benthic invertebrates 
and chronic exposure to residual toxins 
from the oil is illustrated by differences 
among age classes in pigeon guillemots. 
This seabird, which restricts its foraging to 
the near-shore environment, suffered acute 
mortality during the spill (/0). [n 1999, 10 
years after the oil spill, the chicks of pigeon 
guillemots, which are fed only fish , showed 
no evidence of ongoing exposure to toxics, 
whereas the adults, which include shallow
water benthic invertebrates in their diets, 
had elevated CYP I A in their li ve rs (29). 

Sublethal exposures leading to deathji-om 
compromised health, growth. or reproduc
tion. Several studies documented cascades of 

-o 50 100 
Kilometers 

tering .in 1995-96 through 
1997-98 on heavily oiled 
Knight and Green Island 
shores (22%) than on unoiled 
Montague Island (16%), a dif
ference with significant impli
cations for population trajecto
ries (26). Harlequin ducks, 
which prey on intertidal 
benthic invertebrates, showed 
induction of the CYP I A de
toxification enzyme in 1998, 
which in the absence of corre
sponding patterns in other po
tential inducers like polychlo
rinated biphenyls (PCBs) in
dicates ongoing exposure to 
oil 9 years after the spill (20). 
Body mass of harlequins in 
late winter was negatively re
lated to CYP I A levels in 
1998, which suggests that a 
mechanism involving ener
getics led to the observed el
evation in over-winter mor
tality rates (27). Reflecting 
the sensitivity of harlequin 
duck population dynamics to 
adult female survival, fall 
PWS densities of harlequins 
on oiled shores declined at an 
annual rate of about 5% in 
1995-97, as compared with 
stable numbers on unoiled 
shores (26). 

Fig. 1. Map of the spread of oil and the shorelines (indicated in 
black) contaminated to some degree after the grounding of the 
Exxon Valdez at Bligh Reef in northern Prince William Sound. Oil 
was transported to the southwest. striking Knight (KN) and 
other PWS islands. the Kenai Peninsula (KP). the Kodiak Island 
archipelago (KI). and the Alaska Peninsula (AP). 
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Fig. 2. Marine interaction webs of the Pacific Northwest 
known to generate strong indirect effects. Heads of arrows 
point to the taxon receiving the negative effect of predation 
or competition or the positive effect of habitat provision. (A) 
Rocky intertidal shore community (5, 7) . After acute mass 
mortality in 1989 of (i) Fucus, (ii) herbivorous limpets and 

microalgae periwinkles, and (iii) predatory Nucella, a bloom of ephem
eral algae occurred after 0.5 to 1.5 years as a delayed indirect 
effect of release from all interaction arrows marked by 1. 
With a lag of 2.5 years, chthamaloid barnacles later in
creased far above reference densities as an indirect effect of 

t 
, release from all interaction arrows marked by 2 (4, 7). 

(8) Subtidal kelp forest community (36, 41) . Despite acute loss of over 50% of the sea otters at heavily oiled northern Knight Island, there exists 
only limited evidence of initiation of this potentially strong trophic cascade. Some patches of larger sea urchins have appeared but no explosion 
of their abundance and no evident overgr,!zing of kelp have been seen even in the absence of sea otter recovery to date (22, 23). 

events indirectly affecting individual survival 
or reproduction after sublethal exposures. Oil 
exposure resulted in lower growth rates of 
salmon fry in 1989 (8), which in pink salmon 
reduce survivorship indirectly through size
dependent predation during the marine phase 
of their life history (30) . After chronic expo
sures as embryos in the laboratory to < 20 
ppb total PAHs, which stunted their growth, 
the subsequently marked and released pink 
salmon fry survived the next 1.5 years at sea 
at only half the rate of control fish (21). [n 
addition, controlled laboratory studies 
showed reproductive impairment from suble
thal exposure through reducing embryo sur
vivorship in eggs of returning adult pink 
salmon that had previ'ously been exposed in 
1993 to weathered oil as embryos and fry 
(31). These definitive experimental demon
strations of compromised survival and re
production from sublethal dosing conform 
with a growing understanding of how ex
posure to xenobiotics at sensitive early 
stages in vertebrate development can lead 
to enhanced mortality and reproducti ve im
pairment later in life through endocrine 
disruption and developmental abnormali
ties (32). Abnormal development occurred 
in herring and salmon afte r exposure to the 
Exxon Valdez oil (14, 20). 

Support for the inference that sublethal 
effects of chronic exposure to toxics through 
ingestion of oil led to population-level im
pacts on shorebirds comes from studies of the 
black oystercatcher. [n summer 1989, pairs of 

black oystercatchers with foraging territories 
on heavily oiled shores showed reduced inci
dence of breeding and smaller eggs than 
those that bred elsewhere (33). Chick mortal
ity was eJlhanced in proportion to degree of 
shoreline oiling in both 1989 and 1990. Sub
sequent study (34) revealed that black oyster
catchers indeed consumed oiled mussels and 
that parents gathering prey on oi led shores in 
1991 and 1992 fed chicks more to achieve 
less growth than on unoiled shores, which 
implies energetic or developmental costs and 
reproductive impairment from ingestion of 
toxics 3 years after the spill. Fledging late or 
at small size has negative implications for 
chick survivorship. 

Cascades of indirect effe cts. Indirect ef
fects can be as important as direct trophic 
interactions in structuring communities 
(35). Cascading indirect effects are delayed 
in operation because they are mediated 
through changes in an intermediary. Per
haps the two generally most influential 
types of indirect interactions are (i) trophic 
cascades in which predators reduce abun
dance of their prey, which in turn releases 
the prey ' s food species from control (36) ; 
and (ii) provision of biogenic habitat by 
organi sms that serve as or create important 
physical structure in the environment (3 7). 
Current risk assessment models used for 
projecting biological injury to marine com
munities ignore indirect e ffects , treating 
species populations as independent of one 
another (7, 8 ), even in rocky-shore systems, 

where basic community ecology would in
dicate otherwise (38). 

Indirect interactions (Fig. 2A) lengthened 
the recovery process on rocky shorelines for a 
decade or more (7). Dramatic initial loss of 
cover by the most important biogenic habitat 
provider, the rockweed Fuclls gardlleri, trig
gered a cascade of indirect impacts. Freeing 
of space on the rocks and the losses of im
portant grazing (limpets and periwinkles) and 
predatory (whelks) gastropods combined to 
promote initial blooms of ephemeral green 
algae in 1989 and 1990 and an opportunistic 
barnacle, Chthamaills datli, in 1991. Absence 
of structural algal canopy led to declines in 
associated invertebrates and inhibited recov
ery of FlIcus itself, whose recruits avoid des
iccation under the protective cover of the 
adult plants. Those FuclIs plants that subse
quently settled on tests of Chthall1atlls datli 
became dislodged during storms because of 
the structural instability of the attachment of 
this opportunistic barnacle. After apparent 
recovery of FliCUS, previously oiled shores 
exhibited another mass rockweed mortality in 
1994, a cyclic instability probably caused by 
simultaneous senility of a single-aged stand 
(5, 39). The importance of indirect interac
tions in rocky shore communities is well 
established (38), and the general sequence of 
succession on rocky intertidal shores extend
ing over a decade after the Exxon Valdez oil 
spill closely resembles the dynamics after the 
Torrey Canyon oil spill in the UK (40) . Ex
pectations of rapid recovery based on short 
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generation times of most intertidal plants and 
animals are na'ive and must be replaced by a 
generalized concept of how interspecific in
teractions will lead to a sequence of delayed 
indirect effects over a decade or longer (7). 

Indirect interactions are not restricted to 
trophic cascades or to intertidal benthos. In
teraction cascades defined broadly include 
loss of key individuals in socially organized 
populations, which then suffer subsequently 
enhanced mortality or depressed reproduc
tion: After exceptionally high mortality of 
20% between September 1988 and spring 
1989 and another 20% during the following 
year in the AB pod of resident (fish-eating) 
killer whales that had been observed to swim 
through the spill , losses of adult females from 
these matriarchially organized family groups 
led to suppressed reproduction (2). [n another 
pod (A T1) of transient (mammal-eating) kill
er whales, the 40% loss during the spill is 

leading to likely disintegration (2). Further
more, the most compelling example in all of 
marine ecology of a trophic cascade radically 
modifying a marine community comes from 
the Gulf of Alaska kelp ecosystem (36). Un
less eliminated by killer whales that have lost 
their traditional , larger marine mammal prey 
(4/), sea otters control sea urchin popula
tions, preventing them from overgrazing kelp 
and other macroalgae, and thereby retaining 
structural habitat for fishes and invertebrates 
(Fig. 2B). Given the spill loss of about 50% 
of the sea otters from PWS, there is potential 
for this cascade to influence recovery dynam
ics, but evidence of its operation to date is 
limited to reduction in otter foraging and 
increase in urchin sizes (/8). Nevertheless, 
should sea otters be eliminated from an area 
by an oil spill , the repeatability of the otter
urchin-kelp cascade is sufficiently strong that 
risk assessment models can confidently in-

Table 1. Changing paradigms in oil ecotoxicology, moving from acute toxicity based on single 
species toward an ecosystem-based synthesis of short-term direct plus longer-term chronic, 
delayed, and indirect impacts. 

Old paradigm Emerging appreciation 

Physical shoreline habitat 

Oil that grounds on shorelines other than 
marshes dominated by fine sediments will 
be rapidly dispersed and degraded 
microbially and photolytically. 

Oil degrades at varying rates depending on 
environment, with subsurface sediments 
physically protected trom disturbance, 
oxygenation, and photolysis retaining 
contamination by only partially weathered 
oil for years. 

Oil toxicity to fish 

Oil effects occur solely through short-term 
(- 4 day) exposure to water-soluble fraction 
(1- to 2-ringed aromatics dominate) through 
acute narcosis mortality at parts per million 
concentrations. 

Long-term exposure of fish embryos to 
weathered oil (3- to S-ringed PAHs) at ppb 
concentrations has population 
consequences through indirect effects on 
growth, deformities, and behavior with ' 
long-term consequences on mortality and 
reproduction. 

Oil toxicity to seabirds and marine mammals 

Oil effects occur solely through short-term Oil effects also are substantial (independent . 
acute exposure of feathers or fur and of means of insulation) over the long term 
resulting death from hypothermia, through interactions between natural 
smothering. drowning. or ingestion of toxics environmental stressors and compromised 
during preening. health of exposed animals, through chronic 

toxic exposure from ingesting contaminated 
prey or during foraging around persistent 
sedimentary pools of oil, and through 
disruption of vital social functions (care 
giving or reproduction) in socially organized 
species. 

Oil impacts on coastal communities 

Acute mortality through short-term toxic Clean-up attempts can be more damaging 
exposure to oil deposited on shore and the than the oil itself, with impacts recurring as 
shallow seafloor or through smothering long as clean-up (including both chemical 
accounts for the only important losses of and physical methods) continues. Because 
shoreline plants and invertebrates. of the pervasiveness of strong biological 

interactions in rocky intertidal and kelp 
forest communities, cascades of delayed, 
indirect impacts (especially of trophic 
cascades and biogenic habitat loss) expand 
the scope of injury well beyond the initial 
direct losses and thereby also delay 
recoveries. 
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c1ude its implications. [n contrast, limited 
understanding of the importance of behavior
ally mediated indirect effects in driving com
munity dynamics (42) still prevents their in
clusion in risk modeling. 

Implications of Changing Paradigms of 
Oil Ecotoxicity 
It is well known that acute tests of toxicity in 
the laboratory are insufficient for ecotoxico
logical risk assessment (43). [t has also been 
clear that tests of chronic exposures are need
ed to fully understand impacts of petroleum 
and other toxins in the marine environment 
(6). Support grows for inclusion ofa range of 
physiological , biochemical, and histopatho
logical evaluations of toxicity, facilitated by 
rapid development of molecular tools. Fur
thermore, ecologists have long acknowledged 
the potential importance of interaction cas
cades of indirect effects. Now synthesis of 14 
years of Exxon Valdez oil spill studies doc
uments the contributions of delayed, chronic, 
and indirect effects of petroleum contamina
tion in the marine environment (Table I). 
Expanding the scope of the fundamental basis 
of ecotoxicology beyond reliance on short
term acute toxicity to include delayed, chron
ic, and indirect effects operating over longer 
periods is analogous to developing ecosys
tem-based management of forest (44) and 
fisheries (45) resources to embrace the nexus 
of ecosystem interactions. Our synthesis im
plies necessary modifications of environmen
tal standards for water quality, stormwater 
control, chronic low-level oil releases, and 
many other human activities . Vague con
cerns about the role of poor water quality in 
the steady decnnes of estuarine-dependent 
fisheries may now find renewed focus on a 
specific class of contaminants, the multi
ringed PAHs, in physically protected sedi
mentary spawning and nursery habitats. [n 
light of delayed impacts of the Exxon Val
dez (Table I) and the San Cristobal oil spill 
in the Galapagos [slands during 2001 (46) , 
the growing role played by risk assessment 
modeling in a priori environmental deci
sion making and a posteriori estimation of 
natural resource injury needs reconsidera
tion. Much incentive ex ists for advancing 
the predictive capacity of ecology to allow 
more confident modeling of chronic, indi
rect, and delayed effects of stressors 
throug h ecosystem-based frameworks. 
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trains, Grains, anD Grizzly bears: reDuCinG wilDliFe mortality on railway traCks in  
banFF national park

Jim Pissot (403-678-0016, jpissot@defenders.org), Executive Director, Defenders of Wildlife Canada, 
P.O. Box 40001, Canmore, Alberta T1W 3H9 Canada

 
Abstract: Between 2000 and 2007, the Canadian Pacific Railway emerged as the leading human-related cause of griz-
zly bear mortality in Banff National Park. Seven grizzlies were struck by CPR trains, and none of the five cubs orphaned 
by these collisions survived within the park. Other wildlife also have been struck and killed. Spilled grain, track-side 
attractants, and preference of animals for open travel corridors are cited as contributing to these collisions. CPR’s rail 
lines bisect the Canadian Rockies and, along with other factors, inhibit wildlife movement and genetic connectivity. 
Ecologists and conservations seek to implement measures to ensure continued ecological connectivity across these 
man-made barriers. Railways have adopted various methods to reduce wildlife mortality, including more efficient seal-
ing of grain cars, vacuum cars to recover spilled grain, and warnings that alert wildlife of approaching trains. Fencing 
and crossing structures, such as those assisting wildlife to cross highways, also are being considered. We discuss 
the causes of train-wildlife collisions, steps taken to reduce the number of collisions, propose further opportunities to 
reduce the likelihood of collisions. 

Introduction

Connectivity, at a range of scales, is critical to the survival of wildlife populations. 
In Banff National Park in the Rocky Mountains of western Canada, Canada’s main 
east-west highway, a principal rail line, and other natural and man-made barriers 
divide wildlife populations. Measures have been taken to mitigate the busy traffic 
on the Trans-Canada Highway, including fencing to increase motorist safety and 
reduce wildlife mortality, and under- and over-passes to promote safe wildlife 
movement. Speed limits and access are reduced on other roadways to conserve 
wildlife.

Since 2000, the Canadian Pacific Railway has emerged as “the number one known 
source of human-caused mortality” of grizzly bears in Banff National Park. Grizzlies 

and other animals are attracted to grain spilled from passing railway cars. Twelve grizzlies have been killed directly 
by trains or lost permanently to Banff National Park over the past seven years. This total includes four breeding age 
females and their seven cubs of the year. In 2006 alone, four black bears were killed. Necropsies by Parks Canada 
staff found grain in the stomachs of two of the black bears. More than a decade of efforts by the Railway has not 
meaningfully reduced the amount of grain on the tracks nor the number of animals struck and killed. 

Spilled Grain

Grain spilled by rail cars has been identified by Parks Canada staff as the principal attraction that draws bears to their 
deaths between the rails in Canada’s mountain parks. There are four major sources of spilled grain:

  1.   Derailments and other significant events that spill large amounts of grain;
  2.   Faulty, leaking, or improperly closed grain car discharge gates that spill small amounts of grain along the 

tracks, particularly along sections of tracks where cars are shaken in any way;
  3.   The temporary siding, stopping, or parking of grain trains, allowing leaking cars to spill larger amounts of 

grain in a single spot between the rails; and
  4.   The spillage of excess grain that has fallen onto flat surfaces of grain cars at the loading terminals and 

subsequently falls to the ground as the train moves along.

The Railway and government agencies respond promptly to derailments and larger spills, and usually take measures 
to prohibit bears and other wildlife from feeding on the spilled grain. Fencing, 24-hour human presence, Karelian bear 
dogs and other deterrents have been used until all grain has been cleaned. Similarly, minor spills from stopped or sided 
cars generally receive prompt attention, although some reported spills have remained on the tracks for more than 36 
hours. 
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Smaller spills—with potentially more negative impacts on wild animals within Banff National 
Park—occur when small amounts of grain trickle along the tracks as loaded trains move west. 
Grain falls from hopper car discharge gates at the bottom of grain cars that are defective, worn 
or not closed properly. Of course, these are the same gates that spill larger amounts of grain 
when the cars move more slowly or with more jerky motions, or when the train is stopped. 

The second source of trickled grain originates at terminals where grain hopper cars are 
loaded. Careless loading causes grain to fall outside of the hopper cars and collect on virtually 

every flat surface, including the tops of the cars and flat decks on either end of the cars. In turn, grain falls off these 
surfaces as trains move along. More than 10 cm of sprouting grain, spilled grain and detritus has been observed on 
hopper car end decks.

In 1990, the Canadian Pacific Railway introduced a specially designed self-powered vacuum 
truck to remove grain spilled on the tracks. The vacuum has proven effective on larger spills, 
but nearly useless on the constant streams of grain that trickles from leaking discharge gates 
and flat surfaces.

The Canadian Pacific Railway reports increased shipments of grain each year. Tracks were 
recently modified to accommodate even longer trains—up to two miles in length. So, there is 
increasing potential for grain spillage. Parks Canada wardens noted in 2006, “this is one of the heaviest years we’ve 
seen [for grain on the tracks].” Supervisors reported to the media, “our wardens are saying they’re seeing more grain 
on the tracks.”

It has been said that some leaking grain cars arrive at the Vancouver terminal completely empty.  Grain can be found 
scattered along the tracks, heavier in locations where cars move more slowly or are jostled along the way. In some sec-
tions, spilled grain sprouts to a thick green carpet. The Farmer Rail car coalition estimates that up to Cdn $10 million 
worth of grain and pulse are spilled annually from leaking hopper cars hauled by the Canadian Pacific Railway. 

The Canadian Pacific Railway leases bout 6,300 grain hopper cars that are owned by the Canadian federal govern-
ment. These cars have been in service for 30 to 40 years, and carry a variety of discharge gate designs. New loading 
and unloading equipment used at terminals is more powerful, likely stressing older discharge gates. Most cars owned 
by the Railway are of newer design, compatible with powerful and high-speed terminal equipment. Anecdotal evidence 
suggests that some of the older designs may be the most troublesome—worn or damaged, and failing to close securely. 

Grain and Dead Grizzlies

According to senior Parks Canada officials, “bears frequent the tracks because they get the 
reward of grain.” Dr.  Stephen Herrero of the University of Calgary, one of Canada’s most 
respected grizzly bear experts, concluded that Canadian Pacific Railway trains “are the number 
one known source of human caused mortality” of grizzly bears in Banff National Park.

Between the spring of 2000 and mid-summer 2007, Canadian Pacific Railway trains struck 
and killed seven grizzly bears in Banff National Park alone. Four of these bears were breeding 
age females. None of the five orphaned cubs of the year survived in the park without their mothers. In 2006 alone, four 
black bears were struck and killed in Banff and Yoho national parks. Grain was found in the stomachs of two of the 
bears. 

Bears and other wildlife are attracted to railway tracks for a variety of reasons—the promise of a meal between the 
rails, easy passage (particularly in the heavy snows of winter), and forage vegetation growing in open sunlight. In 
Canada’s Mountain Parks, grain has proven to be the most fatal attraction.

According to Edward Abbott, manager of resource conservation of Parks Canada’s Lake Louise, Yoho and Kootenay 
field unit, “bears frequent the tracks because they get the reward of grain. Over the years bears have a very good 
learning ability and they know where they get rewarded. And if they have been rewarded once, often they go back again 
just to check to make sure if there is anything there.” 

We have observed and filmed a number of bears feeding between the rails and collected grain-filled bear scat along 
the tracks. More than a dozen bears have been seen in a single morning feeding at open railway tracks at Bath Creek 
Flats, near the border of Banff and Yoho national parks. When asked, some senior Parks Canada staff tell close friends 
and relatives that the best place to see grizzly bears in Banff National Park is along these tracks, as bears forage for 
grain. This is relatively open country, where the tracks offer no singular advantage of other forage or open travel. The 
bears are there because this is one of the very best dining areas along the “world’s longest bird feeder.”

Bears aren’t the only animals that seek grain and are killed between Canadian Pacific rails. According to Parks Canada 
figures, 564 elk, 9 moose, 51 deer were killed on CPR tracks between 1982 and 2001 in Banff and Yoho national 
parks. In turn, many of these carcasses attracted scavengers. During the same time period, 9 coyote and 9 wolves 
were killed by trains. 
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Management Responses by The Canadian Pacific Railway

The Railway conducted a wildlife mortality study in 1997. In 1999, the Canadian Pacific Railway, 
Parks Canada and other parties contributed to a seminal paper on railways and wildlife mortali-
ties (Wells, P. et al. 1999, Wildlife mortalities on railways: monitoring methods and mitigation 
strategies. 11 pp. Unpublished.). The paper identified seven promising mitigation strategies:  1) 
concentrate mitigation strategies on identified problem areas; 2) instruct train crews to report 
wildlife incidents; 3) remove carcasses from right-of-way to reduce scavenging; 4) remove spilled attractants (e.g., 
grain) in a timely manner; 5) reduce chronic grain spills through car maintenance and loading/handling procedures; 6) 
reduce attractant vegetation on right-of-way; and, 7) share data among jurisdictions.

In the year this study was completed, the Canadian Pacific Railway put the industry’s first vacuum truck into service, 
marking a major and innovative investment. The truck was designed to respond to reported spills and to clean spilled 
grain from the tracks. At the same time, the Railway instituted a program to train and encourage grain handlers at load-
ing terminals. The intent was to reduce the amount of grain spilled on hopper car tops and end plates, and to ensure 
that discharge gates were fully closed and operating properly. 

Prior to train departure, faulty discharge gates are to be noted and reported as “bad order cars.” These cars are to be 
pulled from service and repaired. To date, the Canadian Pacific Railway has refused to release “bad order car” reports 
or to conduct public tests to document the spillage of grain or the effectiveness of its vacuum operations. And the 
Railway has declined to release the results of any tests it may have conducted.

The Railway has an agreement with Parks Canada to report grain spills and collisions with wildlife. Most reports are 
timely and adequate, but the process falls short on occasion. Parks Canada also agreed to allow the Railway to remove 
struck carcasses from the right-of-way onto park lands, reducing the likelihood that predators would be struck. 

In a presentation to the American Association of Railroads in Urbana-Champaign, Illinois, USA in 2000, a representa-
tive of the Canadian Pacific Railway indicated that the company would carry out a number of measures to investigate 
and reduce the number of wildlife collisions, including trials of lights and sounds to alert wildlife, observations of 
wildlife behaviour, limited fencing, and programs to educate train crews and grain terminal operators. In addition, 
the Railway pointed to possible “future directions” including aversive conditioning, “science-based decision-making,” 
“integrated research and planning” and crossing structures. The Railway has not reported any progress on these 
possible directions. 

Under Canadian law, contracts and other agreements between government and private parties are governed by legal 
principles which consider the agreements as “privileged” in favour of the private party. As a result, the terms of the 
grain car lease, reports filed and other communications between the parties, and other documents are not—or in some 
cases, not easily—available to the public. 

Media Responses by The Canadian Pacific Railway

Through most of this century, spokespersons for the Canadian Pacific Railway asserted the company was doing the 
best it could and that spilled grain was not a significant factor in the deaths of grizzly bears in the region. A sample of 
their responses, as recorded in local media, includes:

“[The vacuum truck] does a good job of making the tracks as clean as possible so [the grain] is not evident. It has 
proven very effective.”  (August 5, 2004)

“Look as a company at what we have tried to do to avoid contact with bears – we’re trying our best.”  (Aug 25, 2005)

“This is a bigger picture issue, not just a railway issue. It’s the entire growth of human activity in that area. We’re just 
one of the stakeholders. This is more of a community bear management issue.”   (Aug. 25, 2005)
 
“But this is a bigger issue that just the railway…”  (May 11, 2006)
 
“I don’t think grain is the issue here.”   (June 22, 2006 ) 
 
“We aren’t a major contributor to bear mortality.” (June 27, 2006)

 “We do have stringent measures in terms of our hopper maintenance and repair process that has been enhanced over 
the past year or two.”  (June 27, 2006)

The Big Breakthrough

On May 3, 2007, the Canadian Pacific Railway announced a new operating agreement with Canada’s Ministry of 
Transport, Infrastructure and Community. The Railway’s announcement read, in part (emphasis added): 

Under the agreement with Transport Canada, CP will, in addition to its normal maintenance practices, undertake over 
the next five years an extensive hopper car inspection and refurbishment program to ensure a quality fleet.  This will 
include the replacement of poor-performing discharge gates with technologically superior units as well as a 
general refurbishment program for the other gates on these cars.
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“Canadian Pacific is pleased to have completed these extended negotiations with the federal government as it will 
ensure a secure hopper car supply for farmers and enhance operational fluidity,” said Fred Green, President and 
CEO. “This initiative will also strongly support our wildlife protection efforts by reducing grain and other wildlife 
attractants along our tracks.”

The refurbishment program on more than 6,300 hopper cars will take five years to complete at a cost of Cdn$20 mil-
lion. The Railway expects to repair 70 percent of the cars by the end of 2010. The Canadian National Railway Company 
also agreed to invest Cdn$20 million in the 6,300 hopper cars it leases from the federal government.

Next Steps

Repairing leaking grain cars is a necessary—but not sufficient—step to reduce wildlife mortality on railway tracks. 
Animals will stray onto the tracks, even if grain is not present. And Banff’s wild animals are habituated to finding grain 
on the tracks. As many as three generations of grizzly bears in Banff and Yoho national parks are accustomed to finding 
meals between the rails. For 15 years after open dumps were closed at Yellowstone National Park, bears returned 
looking for a meal. Additional steps will need to be taken as defective cars are repaired and as trains continue to move 
through Canada’s premier national parks. 

We suggest these steps to reduce wildlife collisions on CP Railway tracks:

  1.   Characterize sites where animals are struck, killed or frequently seen. The first step in understanding and 
reducing vehicle-wildlife collisions is to investigate the situations where animals are seen and struck. Was 
the incident on a straight or curved section? Does vegetation—particularly edible forage—grow close to the 
tracks? Is escape blocked by steep slopes, rivers, or embankments? Is there a known wildlife movement 
corridor in the vicinity?

  2.   Document wildlife incidents. Train crews should record location, time of day, weather conditions and speed 
of train. How far ahead of the train was the animal when spotted; what was it doing? How did the train crew 
respond (whistle, horn, lights, other)? How did the animal react and what was the outcome? 

  3.   Test the effectiveness of lights to alert and deter bears and other wildlife. Train crews have reported that 
flashing lights appear to scare bears from the tracks.

  4.   Proceed as quickly as possible with the car repairs. “Bad order cars” should be pulled from service im-
mediately. Measure the amounts of grain spilled at various locations to document the effectiveness of the 
repairs. In addition, measure the effectiveness of the vacuum truck.

  5.   Convene a workshop of wildlife managers, animal behaviour specialists, railway experts and others to ad-
dress the causes and solutions to train-wildlife collisions.  

While collisions with animals can have serious consequences for wildlife populations, relatively few trains strike 
wildlife on the tracks. To gather sufficient data for analysis, a larger data set likely will be needed. We suggest that the 
Canadian National Railway Company and the Burlington Northern Santa Fe Railway be engaged to contribute to the 
incident site characterizations and the collision incident reports.
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Trade-offs lie at the heart of behavioral ecology, with our ultimate understanding of many behaviors reliant on an assessment of both 
fitness benefits and costs. However, the rapidly expanding research literature on the impacts of anthropogenic noise (a recently rec-
ognized global pollutant) tends to focus on the benefits likely to be accrued by any resulting behavioral adaptations or plasticity. In 
particular, although studies investigating acoustic communication (the topic receiving the most attention to date) invariably discuss, 
and occasionally attempt to measure, the perceived benefits in terms of reduced masking that might arise from vocal adjustments by 
signalers, only rarely are the potential fitness costs even mentioned. The bias toward benefits prevents a full understanding of the 
consequences of anthropogenic noise, including the implications for population viability and community structure. Here, we argue 
for a greater consideration of fitness costs, outline a number of specific examples (reduced transmission distances, increased risk of 
predation/parasitism, altered energy budgets, loss of vital information), make suggestions about how to move forward, and showcase 
why a balanced view is as crucial in this field as any other aspect of behavioral ecology.

Key words: acoustic communication, anthropogenic noise, costs and benefits, fitness, trade-offs, vocalizations.

IntroductIon
Noise-generating human activities, such as urban development, 
transportation, and the exploitation of  energy sources, increased 
considerably in the last century and have led to substantial changes 
in the acoustic landscape in both terrestrial and aquatic ecosystems 
(e.g., McDonald et al. 2006; Watts et al. 2007). A burgeoning num-
ber of  studies have demonstrated that anthropogenic (man-made) 
noise can affect animals in various ways (see Tyack 2008; Barber 
et  al. 2009; Slabbekoorn et  al. 2010; Kight and Swaddle 2011); 
however, the topic receiving by far the greatest attention has been 
acoustic communication (Radford et al. 2012; Morley EL, Jones G, 
Radford AN, unpublished data). The possibility that signalers 
might alter their acoustic output as a consequence of  anthropo-
genic noise has been suggested by correlational studies on a variety 
of  taxa (e.g., birds: Slabbekoorn and Peet 2003; marine mammals: 
Parks et  al. 2011; anurans: Vargas-Salinas and Amezquita 2013; 
fish: Picciulin et  al. 2012; invertebrates: Lampe et  al. 2012), with 
the strongest body of  experimental evidence coming from avian 
research (e.g., Halfwerk, Bot, et  al. 2011; Halfwerk, Holleman, 
et  al. 2011; McLaughlin and Kunc 2013; Montague et  al. 2013); 
here, we focus on bird vocalizations to illustrate our argument.

The most obvious way in which anthropogenic noise can disrupt 
acoustic communication is through masking, whereby there is an 
increase in the threshold for detection or discrimination of  one 
sound in the presence of  another (Brumm and Slabbekoorn 2005). 
Loss of  clear and efficient transmission of  acoustic information 
can create potential fitness costs, including those related to mate 
attraction and territory defense if  song is masked (e.g., Halfwerk, 
Bot, et al. 2011), increased predation risk if  detection of  alarm calls 
is impaired (Lowry et al. 2012), and reduced reproductive success 
if  parent–offspring or parent–parent communication is disrupted 
(Halfwerk et  al. 2012; Leonard and Horn 2012). Consequently, 
adjustments resulting from both evolutionary adaptation (e.g., 
Luther and Baptista 2010) and behavioral plasticity (e.g., Gross 
et  al. 2010) have been indicated in studies on a variety of  avian 
species (Ortega 2012). For instance, evidence exists for anthropo-
genic noise–induced changes in vocal timing (Fuller et  al. 2007), 
temporal structure (Halfwerk and Slabbekoorn 2009), amplitude 
(see Brumm and Zollinger 2011), frequency (see Slabbekoorn 
2013), and complexity (Montague et al. 2013), and birds may also 
attempt to improve signal detection and discrimination by altering 
their choice of  perch from which to vocalize (Halfwerk et al. 2012).

These vocal adjustments have often been described as adaptive 
in terms of  a release from masking (Slabbekoorn and Ripmeester 
2008), although there is some debate with respect to frequency Address correspondence to A.N. Radford. E-mail: andy.radford@bristol.ac.uk.
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shifts (Nemeth and Brumm 2010). More recent work has begun to 
test these perceived benefits, by calculating the increases in poten-
tial communication distances (e.g., Nemeth and Brumm 2009) and 
assessing reproductive output (Halfwerk, Bot, et al. 2011). Although 
direct evidence of  fitness benefits remains scarce (Slabbekoorn 
2013), less attention has been paid to the potential fitness costs aris-
ing from vocal adjustments made in response to anthropogenic 
noise. This issue was raised by Patricelli and Blickley (2006), but 
the majority of  the 50 studies investigating the impacts of  anthro-
pogenic noise on bird vocal communication published since then 
(unpublished data) do not even mention the possibility of  costs (see 
Nemeth and Brumm 2010; Halfwerk, Bot, et  al. 2011; Halfwerk, 
Holleman, et al. 2011; Luther and Derryberry 2012; Proppe et al. 
2012 for exceptions). We argue that both sides of  the trade-off 
need careful consideration if  the true effects of  noise are to be 
determined.

PotentIal FItness costs
Vocal adjustments could result in many direct or indirect fitness 
costs; we highlight 4 general examples here.

Reduced transmission distances

Signals are shaped over time by the acoustic environment in which 
they are emitted, the “acoustic adaptation hypothesis” (Morton 
1975). Changes in vocal parameters may therefore affect the level 
of  attenuation and degradation, potentially reducing transmission 
through vegetation or into and out of  a nest (Slabbekoorn 2004). 
As a specific example, high-frequency signals—favored in urban 
areas (e.g., Slabbekoorn and Peet 2003)—attenuate faster and 
are degraded more easily than low-frequency signals (Wiley and 
Richards 1982). Adjustments in the timing of  when vocalizations 
are produced may also come at a cost to transmission distances. 
For instance, because sound transmits further and more reliably at 
dawn than at other times of  the day, due to lower wind noise and 
fewer atmospheric fluctuations (e.g., Brown and Handford 2003), 
birds that shift their singing away from the dawn chorus may suffer 
by communicating to a more localized audience.

Increased risk of predation or parasitism

The alarm calls of  small passerines are often suggested to utilize 
high frequencies because this renders the signaler more difficult to 
detect or locate by birds of  prey (Marler 1955; Klump and Shalter 
1984). Changes in frequency may therefore result in the caller being 
more at risk; ultimately, this could lead to selection for a reduction 
in alarm calling, with consequences for subsequent generations that 
learn to give and utilize alarm calls from experienced adults (Hollén 
and Radford 2009). For all vocalizations, an increase in amplitude 
and the duration of  vocalizing will make the signaler more conspic-
uous and potentially more vulnerable to predators. Similarly, noise-
driven changes in perch choice, such as vocalizing from higher or 
more exposed positions (see Halfwerk et  al. 2012), could increase 
predation risk. More time spent vocalizing and louder sound pro-
duction could also enhance the likelihood of  brood parasitism if  
host vocal activity is used as a cue by parasites to locate nests (see 
Banks and Martin 2001).

Altered energy budgets

There is some evidence that it is metabolically costly to vocalize for 
longer (Gillooly and Ophir 2010), to produce high-amplitude songs 

compared with those of  lower amplitude (Oberweger and Goller 
2001), and to shift songs to higher frequencies (Lambrechts 
1996). Although the energy required for such vocal adjustments 
may not be as great as first assumed (see Ward et  al. 2004; 
Zollinger et al. 2011), there could be consequences for growth, 
survival, and reproductive success if  compensation does not 
occur. Moreover, spending more time foraging to compensate 
for increased energy consumption may itself  increase predation 
risk (Lima and Dill 1990), enhance the likelihood of  foraging 
errors (see Purser and Radford 2011), and reduce opportuni-
ties for other important activities such as preening (Tieleman 
and Williams 2002). If  insectivorous birds sing at dawn because 
prey are hardest to detect at times of  low light intensities and 
reduced invertebrate activity (Kacelnik and Krebs 1983), then a 
diel shift in singing may also result in foraging at less optimum 
times.

Loss of vital information

The auditory sensitivity of  a species is often tightly tuned to the 
frequencies used in communication (e.g., Okanoya and Dooling 
1988), and thus the efficacy of  perception by receivers may be 
impaired by noise-induced vocal changes. Moreover, because mate 
choice and male–male competition are often based on assessments 
of  song characteristics, with higher quality indicated by such 
aspects as high amplitude (Brumm and Ritschard 2011; but see 
Nemeth et al. 2012), low frequency (Halfwerk, Bot, et al. 2011; but 
see Eens et al. 2012), broad bandwidth (Ballentine et al. 2004), and 
large repertoire size (Krebs et al. 1978), changes to acoustic struc-
ture and output could have direct consequences for reproductive 
success. Alterations in one song component in response to changes 
in the acoustic environment could also restrict the elaboration 
of  other characteristics, which are preferred by females (Gross 
et  al. 2010), thus indirectly impacting fitness. For instance, sing-
ing more loudly may compromise the ability to generate a high 
song rate and longer song duration (Wasserman and Cigliano 
1991), whereas an increase in minimum frequency could constrain 
song complexity (Montague et al. 2013). Misjudging quality during 
mate choice may result in rejection of  high-quality mates and less 
time spent raising the offspring, with impacts on their success, if  a 
low-quality mate is selected (Halfwerk, Holleman, et al. 2011). In 
male–male competition, signalers may be attacked more often if  
perceived as less aggressive, and receivers may mistakenly attack 
males that are stronger or have a higher motivation to fight than 
anticipated (Ripmeester et  al. 2007). Song matching may also be 
an important aggressive signal in male–male competition (Krebs 
et  al. 1981), and a male that drops low-frequency songs from his 
repertoire may not possess the song types required to match con-
specific rivals.

These fitness costs introduce a series of  trade-offs for individu-
als. For example, although low-frequency songs might be favored by 
sexual selection, anthropogenic noise could exert a natural selection 
pressure for high-frequency songs; there may be a choice between 
being heard by many or being perceived as high quality by a few 
(Halfwerk, Bot, et  al. 2011). The preference could be molded by 
the fundamental need of  females to mate, with a signal that is 
heard being at a selective advantage compared with one that is not 
heard, even if  the quality communicated is lower. Other methods 
of  assessment could then be developed, or other existing signals 
relied on to a greater extent, to restore the element of  choice in 
the future.
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PoPulatIon and communIty 
consequences
All members of  a population are unlikely to suffer the same costs 
associated with vocal adjustments. For instance, alterations that are 
energetically costly may be more easily borne by higher quality indi-
viduals (Zahavi 1975), which might give them further advantages in 
terms of  female choice and male–male competition. However, if  
anthropogenic noise results in the loss of  certain acoustic features 
that are used as honest indicators of  quality, such as low-frequency 
song elements, then discrimination between different males becomes 
harder and lower quality males may be less easily dismissed. 
Ultimately, the exact nature of  the cost will also depend on whether, 
and how quickly, a corresponding shift in assessment and preference 
by receivers occurs. Because females often have a preference for 
songs similar to those of  their father or that were heard frequently 
during a learning period (Catchpole and Slater 2008), it is feasible 
that preference in this context at least could shift passively over a few 
generations simply through subadult experience.

In general, the effect of  vocal adjustment on fitness will differ 
between species depending on 1) inherent vocal characteristics that 
vary the amount of  adjustment needed, 2)  the relevant sexual sig-
nals used that could be disrupted by adjustment, 3) the plasticity of  
song learning and corresponding plasticity in assessment, and 4) the 
inherent suitability of  a species to persist in urban environments. 
For instance, there is a positive relationship between the existing 
vocal frequency range of  a species and its response to noise (Hu and 
Cardoso 2010; Francis et al. 2011), and it is likely that naturally loud 
vocalizations also convey an advantage. Moreover, only a relatively 
small percentage of  bird species are thought to be urban-adaptable 
(Johnston 2001). The different costs and benefits faced by different 
species in relation to anthropogenic noise will have consequences for 
community structure and functioning (Francis et al. 2009).

movIng Forward
Ultimately, the assessment of  fitness consequences requires mea-
surement of  reproductive success and survival. These are logisti-
cally challenging to determine, especially if  the specific impact of  
a particular response, in this case vocal adjustments, is targeted. 
However, studies focusing on other, but related, questions have 
assessed such variables as pairing success (Habib et al. 2007; Gross 
et  al. 2010), clutch size and fledging success (Francis et  al. 2009; 
Halfwerk, Holleman, et  al. 2011), and female fidelity (Halfwerk 
et al. 2012); care is needed to ensure that such effects are not the 
result of  differential use of  areas by individuals of  different quali-
ties (see Slabbekoorn 2013). Using playbacks at nests, or perhaps 
presentation of  models, also offer opportunities to assess how differ-
ent vocalizations affect predation or parasitism rates (see Haff and 
Magrath 2011).

If  the fitness benefits and costs of  responses to anthropogenic 
noise are to be determined, studies need to include several key ele-
ments (see also Slabbekoorn 2013). First, potential confounding fac-
tors must be ruled out; correlational work comparing, for instance, 
rural and urban areas or habitats at different distances from roads, 
cannot isolate noise as the reason for any differences found. Instead, 
naturally matched areas where only the noise differs (see Francis 
et  al. 2009, 2011) or experimental manipulations (e.g., Halfwerk, 
Bot, et  al. 2011; Halfwerk, Holleman, et  al. 2011; McLaughlin 
and Kunc 2013; Montague et  al. 2013) are required. Second, to 
assess cumulative effects and consider the possibility that responses 

change due to processes such as habituation, tolerance, and sensi-
tization (Bejder et al. 2009), experiments over an extended period 
of  time should ideally be conducted (e.g., Blickley et al. 2012), 
although they are more difficult to implement than short-term, 
acute exposures. Third, proper levels of  replication are required; if  
strong conclusions are to be drawn about population-level conse-
quences, then data from multiple sites, as well as multiple individu-
als, are needed (see Slabbekoorn 2013). In addition, to maximize 
the usefulness of  studies investigating the impact of  anthropogenic 
noise, the noise source should be characterized as fully as possi-
ble (reporting, for instance, dB, any weighting function, integra-
tion time and temporal variation, along with power spectra and 
spectrograms) and utilize equipment that best reflects the auditory 
capabilities of  the study animal (see Schaub et al. 2009).

conclusIons
The human population is projected to increase by 2.3 billion between 
2011 and 2050, with urban areas likely to absorb most of  this growth 
(United Nations 2011). Noise pollution is thus both a pressing issue 
and one of  ever-increasing concern. Ultimately, we need assessments 
of  how anthropogenic noise affects individual fitness, population 
viability, and community structure. As with any aspect of  behavioral 
ecology, this will only be possible if  we consider both the benefits and 
costs arising from adjustments made in response to noise. Our aim is 
to stimulate a more balanced approach with respect to this trade-off; 
although we have illustrated our argument with reference to vocal 
signaling in birds, the principles apply across taxonomic groups and 
are relevant to all noise-induced behavioral changes.

We are grateful to S. Simpson, A. Goldsmith, and members of  the Bristol 
Bioacoustics and Behavioural Ecology group for stimulating discussions 
and to H. Kunc and an anonymous referee for valuable comments on the 
manuscript.

Forum editor: Sue Healy
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Abstract

Background: Fitness in birds has been shown to be negatively associated with anthropogenic noise, but the underlying
mechanisms remain obscure. It is however crucial to understand the mechanisms of how urban noise impinges on fitness to
obtain a better understanding of the role of chronic noise in urban ecology. Here, we examine three hypotheses on how
noise might reduce reproductive output in passerine birds: (H1) by impairing mate choice, (H2) by reducing territory quality
and (H3) by impeding chick development.

Methodology/Principal Findings: We used long-term data from an island population of house sparrows, Passer domesticus,
in which we can precisely estimate fitness. We found that nests in an area affected by the noise from large generators
produced fewer young, of lower body mass, and fewer recruits, even when we corrected statistically for parental genetic
quality using a cross-fostering set-up, supporting H3. Also, individual females provided their young with food less often
when they bred in the noisy area compared to breeding attempts by the same females elsewhere. Furthermore, we show
that females reacted flexibly to increased noise levels by adjusting their provisioning rate in the short term, which suggests
that noise may be a causal factor that reduces reproductive output. We rejected H1 and H2 because nestbox occupancy,
parental body mass, age and reproductive investment did not differ significantly between noisy and quiet areas.

Conclusions/Significance: Our results suggest a previously undescribed mechanism to explain how environmental noise
can reduce fitness in passerine birds: by acoustically masking parent–offspring communication. More importantly, using a
cross-fostering set-up, our results demonstrate that birds breeding in a noisy environment experience significant fitness
costs. Chronic noise is omnipresent around human habitation and may produces similar fitness consequences in a wide
range of urban bird species.
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Introduction

Anthropogenic noise can acoustically mask, and decrease, the

efficacy of avian vocal communication. Warning calls, territorial

defence and mating signals can be impaired, and this effect is often

indicated by behavioural changes [1–6]. Communication impair-

ment can have serious demographic consequences, as it has been

shown to result in changes in bird abundance, community

structure and predator–prey relationships [7–9]. More important-

ly, noise can also affect reproductive output. In a population of

great tits (Parus major), for example, females laid smaller clutches

in areas affected by traffic noise than in quieter areas; also, nests in

noisy areas fledged fewer young [10]. The underlying mechanisms,

however, remain unclear (but see [11]). Thus, while it is interesting

to consider the effects of noise on specific behaviours, it is crucial

to conservation efforts in urban environments to study the direct

effects of environmental noise on reproductive success and

recruitment [12].

Three, non-mutually exclusive, hypotheses have been suggested

to explain why reproductive success is reduced in noisy areas [10].

H1, impaired mate choice hypothesis: Noise may interfere with the

transmission of mate quality through bird song and a female’s

assessment of the quality of her mating partner may be impaired

[10,11]. Under this hypothesis, females are expected to invest less,

lay smaller clutches and solicit more extra-pair copulations when

breeding in a noisy environment. H2, reduced territory-quality

hypothesis: Noise may affect territory quality. If this is true, noisy

areas are expected to be populated by less experienced or younger

individuals of lower quality, or to be avoided in general [8,12,13].

H3, impaired chick development hypothesis: Noise can lead to poor chick

development, by means of two different pathways. First, noise can

induce physiological stress in chicks, which may lead to reduced

growth [14]. Second, noise may mask acoustic communication

between offspring and parents. Two potential mechanisms can

operate: if chick begging is not audible, or is less audible, because it

is acoustically masked by background noise, we expect chicks to

increase the amplitude of their begging, or parents to provision less

frequently [10]. Another possibility is that chicks may fail to notice

their parents’ arrival at the nestbox, resulting in them not begging

for food [15].
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These three hypotheses each predict reduced reproductive

success in noisy environments. Here, we test these three

hypotheses in an altricial passerine, the house sparrow (Passer

domesticus). It is not usually possible to test for a within-individual

effect of a noisy environment in a wild population, because this

would usually require either the relocation of breeding individuals

from a quiet to a noisy environment, and vice versa, or the

experimental modification of the noise level around a group of

breeding individuals [11]. The relocation of breeding birds is

generally impractical. Changing the background noise level via

loudspeakers would make it difficult to distinguish between the

effects of the noise treatment per se and the effect of disturbance

due to a change in the noise environment. Here, we take a

different approach: we have a dataset of repeated measurements

on individual sparrows who have bred in a noisy and three quiet

environments, which, together with a cross-fostering set-up, allows

us to statistically distinguish between among- and within-individ-

ual effects, as well as separating the effects of individual genetic

quality and environmental noise. These data allow us to study the

direct reactions of birds to the environmental noise that is part of

their normal environment.

Methods

We used data from a long-term (2001–2008) study on a nestbox

population of house sparrows on Lundy Island [16–21]. Low levels

of migration to and from the island allow for accurate fitness and

recruitment estimates; annual resighting probabilities of marked

individuals are extraordinarily high (average 0.91, range: 0.72–

1.00, [21]). The population has been systematically monitored

since 2000; all nesting attempts are recorded from the moment the

first egg is laid. Nearly all birds are individually marked as

fledglings – therefore, we know their exact ages [17]. Cross-

fostering of 2-day old hatchlings between nests has been routinely

carried out between randomly chosen clutches of the same age,

without changing clutch size, since 2000. Cross-fostering is a

routine and systematic component of Lundy sparrow fieldwork

and was not restricted to specific experiments (for more details on

two small experiments please refer to [21] and references within).

Birds were considered to have recruited into the breeding

population if they started a brood.

Lundy Island is not connected to the power grid and electricity

is generated on the island. Since March 2001, a set of generators

(Cummins 6DTA5.9 and 6CTA8.3) has been run continuously

between 06:00–12:00 h each day. These generators produce low-

frequency noise that reverberates in the adjacent area (noisy

environment, N), producing on average 68 dB(A) at the entrances

of 29 nestboxes in the barn (Figs. 1, 2), as measured with a hand-

held Silverline sound level meter. Another barn (quiet, Q1)

harbours 46 boxes; 28 other nestboxes are attached to the outside

of the buildings (Q2) and a further 27 nestboxes are located in a

small wood (Q3). In Q1–Q3 the generator is only slightly audible.

All areas but Q3 are similarly close to the main foraging area, the

chicken run (Fig. 2).

The identities of parents at nestboxes were determined by visual

identification of individual colour-ring combinations (viewed

directly or with the help of video recordings), by catching parents

at the nest box [17], and by using PIT-tags and corresponding

nest-box antennae [21]. Since not all parents were caught at

nestboxes the sample sizes for morphological measurements of

parents differed from the sample sizes for parents of known age.

Provisioning and incubation frequencies (measured as visits per

hour), and incubation duration (in minutes) have been quantified

since 2004 from video recordings (90 minutes long) taken at the

nestboxes. The methodology is described in detail in [16]. Since

sparrows are multi-brooded and, once in the breeding population,

live on average for 3–4 years [17], we have repeated measures of

provisioning by the same individuals within and between years,

which allows us to test whether the same individuals changed their

behaviour when they bred in the noisy area vs the quiet area. For

the main analysis, we used provisioning frequencies collected at

broods containing chicks that were 7 days old. We used Bayesian

Markov-chain Monte Carlo (MCMC) methods to fit mixed models

(BMM). We report effect sizes of the means of the posterior

distribution. We considered fixed effects to be statistically

significant if their 95% credibility interval (CI) did not include

zero [22]. We used R 2.12.1 for statistical analyses.

Fitness Consequences of Noise
We first tested for the fitness consequences of being reared in a

noisy location, independent of any potential mechanism. We only

used cross-fostered chicks in this analysis. We compared the fate of

chicks reared in the noisy environment, N (coded as 1), with those

of birds breeding elsewhere, Q (all quiet areas pooled, coded as

0 = reference level). We used two binomial BMMs, with

respectively survival from nestling to post-fledging and recruitment

as the binomial response variables (survived = 1) and foster area

(noisy versus quiet) as a fixed factor. We modelled year and natal

area as random effects to correct for potential differences in parent

quality. We modelled natal brood as a random effect to correct for

chicks from the same nest being more alike than those from

different nests.

Reproductive Investment (H1)
We tested if females invested differently in reproduction

depending on whether or not they bred in the noisy environment.

We tested for a difference in incubation visits and incubation time,

whether broods in noisy areas contained fewer eggs and

hatchlings, and whether the seasonal timing of breeding differed.

We used data on genetic parentage [17] to test whether females

breeding in the noisy area had more extra-pair offspring than

those breeding in other areas.

Territory Quality (H2)
We tested whether sparrows avoided breeding in the noisy area

by comparing annual occupancy rates between the areas. We then

Figure 1. Mean noise levels at the four sites. Noise levels were
assessed during the breeding season and measured at five random
nestboxes at each site. We used a Silverline sound level meter, with A-
weighting, with a range from 50–126 dB and an accuracy of 62 dB.
doi:10.1371/journal.pone.0039200.g001
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examined for the possibility that low-quality or less-experienced

birds bred in noisy areas by comparing body mass and the age of

parent birds breeding in different areas.

Chick Development (H3)
We first tested for the expectation that chicks that experienced

noise grew more slowly, and tested for differences in body mass

between fledglings from the noisy areas and elsewhere. We used

only chicks that had been cross-fostered. We used a Gaussian

BMM with brood, natal area and cohort as random effects to

assess the effect of noise on chick body mass at day 12 after

hatching. We corrected for time of day (morning or afternoon) as a

fixed effect because chicks were lighter at the start of the morning

before their parents started provisioning.

We then tested whether parents provided less to broods in a

noisy environment than elsewhere. We carried out a cross-

sectional analysis with Gaussian BMMs, where we compared the

provisioning frequencies of sparrows breeding in the noisy

environment with those breeding elsewhere in two models, one

for each sex. We corrected for age of the parent and day of season

by adding both variables as fixed effects to the model. Bird identity

was modelled as a random effect on the intercept, as was year, to

correct for annual variability. We then added identity of the

partner as a random effect on the intercept, to correct for a

potential bias resulting from the adjustments that individuals

make, depending on the degree of parental investment by their

partner [23].

Within-individual Effects of Noise on Provisioning
Using the same data, in which we have multiple records of

individuals, we compared the provisioning by individual parents

with those by the same individuals breeding in different areas

(within-individual effects), using within-subject centring of vari-

ables in BMMs [24]. This model tests for the possibility that

individual birds may display high provisioning frequencies when

breeding in a quiet area, but low provisioning frequencies when

breeding in a noisy area (either in the same or in subsequent

years). We modelled the provisioning frequency of males and,

respectively, females, as response variables. Our basic model

structure was similar to the cross-sectional model, but did not

include the non-significant effects of age, date of season, and

identity of the partner. We added the number of chicks as a

covariate, as individual birds may be able to flexibly adjust their

provisioning frequency depending on the number of chicks they

feed. We modelled bird identity as a random factor on the

intercept, to account for potential heterogeneity among individ-

uals. We used two new variables as fixed predictors: to eliminate

any between-subject variation, we subtracted the mean location

value (coded as: noisy = 1, quiet = 0) for each individual across all

its broods from the value for the location of each individual brood.

Figure 2. Locations of house sparrow nestboxes on Lundy Island. Grey boxes depict buildings.
doi:10.1371/journal.pone.0039200.g002
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That is, if a female bred once in the noisy environment and once

elsewhere, it would get the value 0.5 for the datum when breeding

in the noisy environment, and 20.5 for the other datum. This

term estimates the within-subject variation component. We

derived a second predictor variable to estimate the between-

subject variation in provisioning, which is the mean area code for

one individual [24].

To test whether within- and between-individual effects differed,

we used a similar model, modelling the location (noisy or not) of

each brood as a within-individual term and the mean location

term from the first model, which represented the difference

between the within- and between-individual effects. In both

within-individual models, we also corrected for the number of

hatchlings.

In order to test whether noise is the causal agent for the

reduction of provisioning rate, we re-analysed the video recordings

of two nests affected by the intermittent noise produced by a set of

large industrial ventilators responsible for sucking in air to cool the

power generators. When present, the noise level experienced at

these separate nestboxes averaged 70 dB(A). The fans are turned

on and off automatically as needed, at times of increased power

consumption. Note that the nests are not affected by any airflow

from these ventilators. We identified 22 video recordings of these

nestboxes in which the ventilators either switched on or off; this

was easily identified by listening to the audio track. The time when

the fans went off or on was recorded. We calculated provisioning

rate separately for the noisy and quiet sections of the videos, and

tested whether birds responded directly to the noise levels.

Provisioning frequency and fan use might be linked through a

common correlate, such as outside temperature. In order to

account for such a possibility, we used other videos taken at the

same time, but at quiet nestboxes, as controls. This was possible

because we usually used two or more cameras, and, therefore,

matching videos were available for most cases. We partitioned the

time in the same way as we partitioned the video data at the noisy

locations. We then tested in the controls for a change in

provisioning frequency during the times when the fans were on,

even though those nests were not afflicted by the noise. For this

analysis, we used data on provisioning frequencies across all chick

ages to increase sample size.

This work was carried out under the permit from Natural

England 20092529.

Results

Fitness Consequences of Noise
We compared the fate of cross-fostered house sparrow chicks

reared in a noisy environment with those reared in other places

(Figs 1, 2). Being reared in a noisy environment was associated

with a significant drop in survival between hatching and fledging:

When correcting for natal brood and area, the probability of

fledging was 0.25 for nestlings reared in quiet environments (N

= 1093) and 0.21 for chicks reared in the noisy environment (N

= 381, Table 1, back-transformed coefficients from a binomial

mixed linear model [23]). Chicks reared in the noisy environment

also had a statistically significantly lower probability of recruiting

into the population, compared to chicks from the other areas

(Table 1, Fig. 3a).

Reproductive Investment (H1)
Broods in the noisy area did not differ from broods in quiet

areas in the number of eggs (ANOVA with area (N, Q1–3) as a

factor: F3,1052 = 0.24, P = 0.87), the number of hatchlings

(F3,967 = 1.12, P = 0.34, Fig. 3b), or the laying date

(F3,1135 = 1.13, P = 0.34). The number of incubation visits did

not differ between noisy and quiet environments (Kruskal-Wallis

test, Males: x2 = 1.13, df = 1, P = 0.29, N = 66; Females:

x2 = 2.06, df = 1, P = 0.15, N = 66). Also, male and female house

sparrows spent a similar amount of time incubating broods in the

noisy environment as elsewhere (Males: F1,65 = 0.02, P = 0.89;

Females: F1,65 = 0.40, P = 0.53). The proportion of clutches that

contained extra-pair eggs did not differ between the noisy and the

quiet environments (estimates from a binomial BMM with noisy or

not as a fixed factor and year as a random effect: fixed effect:

bintercept = 21.27 (25.46 to 20.45); bnoisy = 20.54 (21.86 to 0.80),

uyear = 0.62 (0.16 to 19.47), eresidual = 0.22 (0.08 to 39.12), N = 953

broods in 10 years). Also, the number of eggs per clutch sired by a

male other than the social father did not differ among the four

areas (Poisson BBM, fixed effect: bintercept = 0.10 (0.05 to 0.16); bnoisy

= 0.002 (20.02 to 0.04), uyear = 0.35 (0.07 to 3.60), eresidual = 0.48

(0.33 to 0.79), N = 953 broods).

Territory Quality (H2)
Annual occupancy rates of nestboxes did not differ between the

noisy area and elsewhere (ANOVA F3,36 = 1.09, P = 0.37). Body

mass of sparrow parents was similar between quiet and noisy areas

(females: F3,584 = 0.15, P = 0.93; males: F3,520 = 0.98, P = 0.40).

Table 1. Results of a BMM with a logit link function modelling fledging and recruitment probability, of cross-fostered Lundy Island
house sparrow chicks as response to noisy and quiet environments.

Fledged Recruited

Effects Posterior mode 95% CI Posterior mode 95% CI

Fixed

Intercept 1.02 0.48 – 1.39 21.73 22.30 – 21.08

Noisy environment 20.55 20.94 – 20.17 20.49 20.78 – 20.22

Random

Brood 3.2 2.48–4.14 0.94 0.51–1.34

Natal location 0.01 0.00–0.12 0 0.00–0.02

Cohort 0.22 0.01–1.12 0.29 0.12–1.65

Residual 0 0.00–0.17 0.02 0.01–0.06

The quiet environment is the reference level. Statistically significant fixed effects are indicated in bold. N = 1474 chicks.
doi:10.1371/journal.pone.0039200.t001
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Female age did not differ between noisy and quiet areas (Kruskal-

Wallis test: x2 = 0.32, df = 1, P = 0.57, N = 962) but males

breeding at the noisy areas were older than those breeding

elsewhere (Kruskal-Wallis test: x 2 = 7.09, df = 1, P = 0.01, N

= 954).

Chick Development (H3)
We compared the fledging body mass of chicks reared in a noisy

area with those reared elsewhere. We used the data from our

cross-fostering experiment and corrected for the location of the

natal brood. This was done to distinguish between the effect of

low-quality parents, which might produce low-quality offspring,

breeding more often in the noisy environment than elsewhere,

from chicks suffering from being reared in the noisy environment.

Chicks that were reared, but not necessarily born, in a noisy area

had a significantly lower body mass when 12 days old than chicks

reared in a quiet area (BMM, body mass at day 12 in grams: fixed

effects: bintercept = 23.91 (23.12 to 24.80); bnoisy = 20.74 (21.39 to

20.02), btime of day = 1.58 (0.77 to 2.24); random effects: ubrood

= 5.52 (4.77 to 7.73), unatal area = 0.01 (0 to 0.02), uyear = 0.005 (0 to

0.98), eresidual = 7.49 (6.82 to 8.55), N = 922).

Cross-sectional analysis. We then compared the provision-

ing frequencies of house sparrows breeding in the noisy

environment with those of birds breeding elsewhere. Females,

but not males, provisioned broods in the noisy environment

significantly less often than in other areas (Table 2). Consistent

with the previous observation that males are more repeatable in

their parental care than females [16], we also found that males

were individually more predictable caregivers than females

(Table 2).

Within-individual effects of noise on provisioning. We

used the same data to compare provisioning frequencies of

individual parents breeding in the noisy area with the provisioning

frequencies of the same individuals when they bred elsewhere

(within-individual effects, see [24]). Individual females visited their

broods less often per hour when breeding in the noisy environment

(BMM parameter estimates (CI), fixed effects: bintercept = 6.52, (4.93

to 8.01); bwithin = 21.09 (21.60 to 20.62); bbetween = 21.30

(22.41 to 20.29); bclutchsize = 0.40 (0.02 to 0.78), random effects:

uID = 0.39 (0 to 1.44), uyear = 0.07 (0–0.34), eresidual = 16.61 (14.3 to

19.46)). The within- and between-female effects of breeding in the

noisy environment were not significantly different (BMM: fixed

effects: bintercept = 7.86 (6.10 to 9.56); bwithin = 22.59 (24.81 to

20.59); b? between-within = 0.21 (21.09 to 1.35); bclutchsize = 0.39

(20.01 to 0.75). We did not find a similar effect of noisy location

on provisioning frequency in male house sparrows (BMM, fixed

effects: bintercept = 6.82 (4.32 to 9.47); bwithin = 20.88 (23.95 to

2.13); bbetween = 20.10 (21.82 to 1.80); bclutchsize = 0.61 (0.19 to

1.14), random effects: uID = 4.69 (1.84 to 8.20), uyear = 0.71 (0 to

3.37), eresidual = 24.13 (20.91 to 28.29)).

Figure 3. Reproductive success and provisioning frequency of
Lundy island house sparrows breeding in nestboxes in the
noisy area and elsewhere. (a) Percentage of house sparrow
hatchlings that recruited to the breeding population, in relation to
the environment in which they were raised (Q1–3 = quiet, N = noisy).
These data are not corrected for natal brood and foster area. (b)
Number of Lundy house sparrow hatchlings per brood in relation to
brood area (jittered). (c) Provisioning frequency (visits per minute)
within individual female house sparrows that bred in quiet environ-
ments before and after they bred, or both, in the noisy environment. N
= 69 females switched between noisy and non-noisy locations between
broods. Whiskers depict one standard error.
doi:10.1371/journal.pone.0039200.g003
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We then used a subset of data that consisted only of those

females that changed, within and between years, from or to the

noisy area, and tested whether their provisioning frequency

changed. We retained the information on whether or not females

had bred previously in a quiet area and moved into a noisy

environment, or vice versa. The same females provisioned their

young more frequently before and after moving to the noisy

environment (N = 96 broods, Figure 3c, linear model with area as

factor: F1 = 11.48, P,0.001; clutchsize: F1 = 0.24, P = 0.63).

Finally, we also tested whether sparrow females reacted by

adjusting their provisioning rate in response to short-term noise.

When the noise was present, female sparrows had a reduced

provisioning rate within a single brood, and an increased

provisioning rate when the noise-producing ventilators were off

independent of the sequence of events (Fig 4, Table 3). We used

data from video recordings of provisioning taken at quiet locations

but at approximately the same time as controls, because the fans’

running time might have been correlated with some external

variable that also affected provisioning. However, we found no

change in provisioning rates at quiet nestboxes during the times

when the fans were on (Fig. 4, Table 3).

Discussion

House sparrows reared in a noisy environment experienced

reduced parental provisioning, lower fledging mass, and lower

fledging and recruiting success. Our results support the impaired

chick development hypothesis (H3). We observed a reduced

provisioning frequency in the noisy environment, which is

suggestive evidence for a novel mechanism of how noise may

affect fitness of passerines: by masking parent–offspring commu-

nication. Our study has one caveat: We had only one location that

was subjected to constant noise with sufficient data to measure

fitness, and we can therefore not exclude the possibility that some

other variable we did not account for caused the drop in fitness in

the noisy area. We, however, do not believe that this is the case

because the noisy location is similarly close to the main feeding

grounds as most other nest sites and, therefore, birds should not

have had a harder time foraging. If another environmental factor,

such as exhaust pollution, caused the lowered condition of chicks

then we would have also expected to see a similar effect in the

physical condition of adults breeding in that area, which we did

not find. Similarly, if another factor had led to a change in the

visitation rate by birds to their nests, we would also have expected

a difference in incubation visits between the noisy and quiet areas,

which again we did not find. Furthermore, all nestboxes in all

areas were built following a standard model [25], reducing

environmental variability. We have found earlier that house

sparrows on Lundy are consistent in their within-individual

reproductive output between years, which indicates that deviations

from this constancy may be due to changes in the environment,

not changes in the adult [17]. Finally, the observation that females

respond flexibly to the presence of noise within short periods of

time supports the idea that a change in feeding rate, as a response

to noise, might be the cause for the low fitness in the noisy area.

We did not find support for the impaired mate choice

hypothesis (H1): females did not decrease reproductive investment

other than provisioning behaviour when breeding in the noisy

area: clutch size, breeding date and incubation behaviour did not

differ between the noisy and quiet areas. Clutches in the noisy area

did not contain an increased rate of extra-pair offspring

(contradicting [11]). It is possible that females decreased provi-

sioning rate in response to a potentially perceived low mate-

quality, if mate quality in house sparrows is mainly signalled by

song displays. Little is known about how song quality affects

female choice in house sparrows. However, if coitus, and the

decision to mate with a certain individual, take place away from

the nest [26] and outside of the noisy environment in our study, it

is likely that most females have the chance to sample their mate’s

song quality in a quiet area, unbiased by the noise. Furthermore, if

females assume her mate is of lower quality it would be more

prudent to reduce primary reproductive investment, i.e. in clutch

size rather than reducing parental care after investing in costly

eggs. The similar rates of extra-pair offspring between nests in

noisy and quiet areas additionally suggest that mating decisions of

females were not affected by the noise. We therefore assume that,

in our study, acoustic masking of the communication between the

adults probably did not affect the reduced reproductive fitness in

the noisy environment.

We found no support for the impaired territory quality

hypothesis (H2): Sparrows did not avoid breeding in the noisy

area. Surprisingly, we found that older males, but not females,

were more likely to breed in the noisy environment. Older house

sparrows have a larger black bib, which signals social dominance

[18,27]. The apparent preference of older males for the noisy area

is difficult to explain, although it must be noted that the effect size

was relatively small (0.3 years difference). However, assuming that

Table 2. Results of a BMM modelling Lundy island house sparrow provisioning frequencies (visits/hour) on day 7 in quiet and
noisy environments. Statistically significant fixed effects are indicated in bold.

Female provisioning frequency Male provisioning frequency

Effects Posterior mode 95% CI Posterior mode 95% CI

Fixed

Intercept 8.91 5.77–10.63 7.24 4.49–11.03

Noisy environment 22.31 23.20– 21.51 20.85 22.31–0.27

Laying date 0.009 20.01–0.02 0.004 20.01–0.02

Age of Mother 0.23 20.12–0.56 0.14 20.21–0.61

Age of Social Father 20.16 20.43–0.14 20.16 20.50–0.35

Random

Mother ID 0 0.00–0.74 0.002 0.00–0.75

Females: N = 422, with observations on 147 individuals; males: N = 420, with observations on 138 individuals.
doi:10.1371/journal.pone.0039200.t002
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older males are of higher quality, they would seem to consider the

noisy area to be a desirable habitat.

Our results support the impaired chick development hypothesis

(H3). Our study set-up does not allow us to distinguish between the

effects of chronic stress and those of acoustic masking, and we

discuss supporting evidence for or against both possible mecha-

nisms. Chronic noise is known to induce stress-related changes

along the hypothalamo–pituitary–adrenal axis [14], which might

influence chick and parent physiology. We found twelve-day-old

chicks to be of lower body mass when reared in the noisy

environment, however, this seems as likely to be a consequence of

the reduced provisioning frequency as a reaction to chronic stress.

We found no evidence for an effect of stress in adults: body mass of

adults did not differ between the noisy and quiet areas, which

indicates that, at least for adults, the noise did not result in lowered

condition due to stress. Stress could also affect adult behaviour and

nest visitation rates. If this were the case, we would expect this

stress response to similarly affect incubation behaviour, which was

not the case. We cannot exclude that chronic noise and the

associated stress has been the sole cause for the lowered chick

condition, but given our results we consider it unlikely.

Provisioning rates were lower in the noisy environment than

elsewhere. We have also shown that sparrow females respond

flexibly to short-term, familiar environmental noise with an

immediate reduction in provisioning frequency. The observation

that sparrow females increase their provisioning rate during times

with no noise is suggestive evidence for a causal mechanism to link

provisioning behaviour with environmental noise. Parental birds

use the information communicated to them through begging from

their chicks to adjust their provisioning frequency according to the

chick’s needs [28–33]. Offspring begging is an adaptive behaviour

[33]; parent birds increase their provisioning rate when presented

with increased begging [30]. Therefore, if noise masks begging

vocalisations, parents will not respond appropriately. Another

possibility is that offspring may not hear their parents arriving at

the nestbox and therefore fail to beg for food [15].

We only found females to lower their provisioning rate in the

noisy environment, not males. In house sparrows, males provide

food to their young at a relatively constant rate while females are

more flexible [16]. The most parsimonious explanation for the

differences between the sexes is that males are unresponsive, while

females may be more responsive to nuances in the chicks’ begging

vocalisations. We suggest that, in the noisy area on Lundy, female

sparrows perceive they have less needy chicks because the acoustic

communication with their chicks is intercepted by generator noise.

The chicks of unresponsive parents are disadvantaged [29,32,33].

We suggest that acoustic masking of parent–offspring acoustic

communication may be at least a partial explanation for the

lowered parental provisioning in the noisy areas.

The strength of our study is that it suggests direct fitness

consequences of chronic noise in wild birds. Fitness is generally

difficult to measure in wild populations but, by using an island

population, we can be relatively sure that the birds affected by

noise had not simply dispersed. It is perhaps surprising that such a

large fitness effect is found in house sparrows, a species thought to

be well adapted to living in close association with humans, where

chronic background noise is pervasive. Yet, insufficient reproduc-

tive output has been shown to be responsible for the decline of the

sparrow from cities and rural areas [34]. Factors associated with

urbanisation and food availability have been suggested as causes

[35]. Our results point to the possibility that chronic noise might

be a part of the explanation for the decline of the house sparrow in

urban areas. Urban noise has been shown to interfere with

acoustic communication between conspecifics in several bird

species [9,36]. In order to assess which particular urban noises

could be problematic we would need a comprehensive acoustic

analysis of sound frequencies. The potential of urban noise to

acoustically mask parent–offspring communication, as well as the

physiological effects of urban noise, need to be investigated

Figure 4. Frequency of provisioning (visits per minute) by
female Lundy island house sparrows breeding in nestboxes
affected by intermittent noise (top), and by those not affected
by noise. Provisioning frequencies were calculated for the time period
during which the noise was on and off in both groups. Lines represent
changes in provisioning rate within individual females.
doi:10.1371/journal.pone.0039200.g004

Table 3 Results of a BMM modelling Lundy island house
sparrow female provisioning frequencies (visits/hour) at a
location intermittently affected by noise and at control
nestboxes during the same time periods (two-level factor with
noise off as the reference level). Statistically significant fixed
effects are indicated in bold.

Effects Effect size 95% CI Effect size 95% CI

Intermittent noise Control

Fixed

Intercept 13.73 10.54–16.60 8.27 5.44–10.90

Noise on 26.54 210.48–22.61 0.25 23.44–4.52

Random

Bird ID 1.54 0.00–7.74 0.26 0.00–4.39

Residual 21.92 9.18–37.71 20.63 8.40–35.73

Nnoise = 22 observation periods on five females, Nquiet = 20 observation periods
on nine females.
doi:10.1371/journal.pone.0039200.t003
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experimentally in order to validate the extent of these effects, and

to understand the conservation implications [12].
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SHORT NOTES

Avian casualties on railways

In their paper `Casualties among Birds along a selected Road in Wilt-
shire' (Bird Study, II :168-182), Dunthorn & Errington mention the
possible existence of `black spots' at which exceptional numbers of
birds are killed by motor traffic. In an attempt to determine whether
such spots occur on railways, I have engaged myself in a certain amount
of correspondence and research. The primary question remains un-
answered, but the general facts which have come to light should, I think,
be put on record.

Howe (Field Naturalist, 3:9, 24) lists a total of 75 birds killed on a
21/4 mile stretch of line in Cumberland during 1957 and the first two
months of 1958. In correspondence, Messrs. D. Holding and G. W.
Follows inform me of 3o birds being found dead in recent years along
the 13/4 mile stretch from Glazebury to Astley in south Lancashire, and
Mr. D. G. Lawson tells me of xi casualties along the three miles of
line from Farington Junction to Euxton Junction in mid-Lancashire
between January and the end of April, 1965.

All the above victims (116) were specifically identified but some addi-
tional birds too decomposed for recognition were found. Moreover, as
Messrs. Holding and Follows point out, it is likely that a number of
victims are thrown well clear of the track, and thus escape notice.

Of the 116, 41 were Owls (27 Tawny, 12 Barn, 1 Long-eared, 1 Little),
from which it is clear that those birds are particularly vulnerable.
Partridges (24) and Pheasants (9) were next in the casualty order.

A letter of enquiry printed in Rail News, February 1965, elicited five
replies which, though rather generalised in content, confirm the
existence of a regrettably high mortality of birds along the railway :
three of the five writers particularly stress the vulnerability of Partridges
and Pheasants. Also noteworthy is one writer's mention of a high acci-
dent-rate among feral domestic Pigeons alongside a viaduct near Kidder-
minster.

I thank the several correspondents upon whose information this pre-
sent communication is based. Their letters have been deposited at the
Alexander Library, where they may be consulted by anyone wishing to
pursue the subject further.

K. G. SPENCER,
3 Landseer Close,

off Carr Road,
Burnley,

Lancs.
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Executive Summary 

Northern Continental Divide Ecosystem Grizzly Bear Conservation Strategy 
 

CHAPTER 1 – INTRODUCTION AND BACKGROUND 
 
This Conservation Strategy was developed by an interagency team of managers and scientists to 
describe the coordinated management and monitoring efforts necessary to maintain a recovered grizzly 
bear population in the NCDE and document the commitment of these agencies to this shared goal.    
This Conservation Strategy provides a cohesive umbrella for all signatories to operate under and 
reference but each signatory has their own legal process and authority to implement the Strategy.  This 
Conservation Strategy would remain in effect beyond recovery, delisting, and the five year Monitoring 
period required by the Endangered Species Act (ESA).  The agencies are committed to be responsive to 
the needs of the grizzly bear through adaptive management actions based on the results of detailed 
annual population and habitat monitoring. 
   
The purposes of this Conservation Strategy are to: 

− Describe and summarize the coordinated strategies, standards, and guidelines developed for 
managing the grizzly bear population, grizzly bear/human conflicts, and grizzly bear habitat to 
ensure their continued conservation in the NCDE. 

− Document the regulatory mechanisms, legal authorities, policies, management documents, and 
monitoring programs that will maintain the recovered grizzly bear population. 

− Document the commitments agreed to by the participating agencies. 

Within the NCDE, the grizzly bear population and its habitat will be managed using an approach that 
identifies a Primary Conservation Area (PCA) and three additional management zones (Zone 1, Zone 2, 
and Zone 3: see Figure 1).  The PCA is the area currently known as the NCDE Grizzly Bear Recovery Zone. 
This is where the most conservative habitat protections would remain, with habitat conditions that were 
compatible with the increasing grizzly bear population from 2004‐2011 being maintained.  Grizzly bears 
are also expected to occupy habitat outside the PCA in Zones 1 and 2 where they may serve as a source 
population to other grizzly bear ecosystems in the lower 48 States.  Habitat and population protections 
would vary by management objective in these Zones with more protections in areas identified as 
“Demographic Connectivity Areas.”  While Management Zone 3 primarily consists of areas where grizzly 
bears do not have enough suitable habitat to support population growth, they were included in this 
Conservation Strategy because a bear living in Zone 3 most likely originated from the NCDE population.  
Grizzly bear occupancy will not be actively discouraged in Zone 3 and the management emphasis will be 
on conflict response.     
 
Relationship to Other Plans 
By integrating the Montana state plan into the Strategy, it was ensured that this plan and the Strategy 
are consistent and complementary.  The state plan is formally incorporated in the Conservation Strategy 
as an Appendix.  Relationships with national forest and national park plans are also mentioned 
throughout the Strategy.  Our intent is to have signatories of this Conservation Strategy representing the 
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land management agencies incorporate the habitat standards and guidelines described in this 
Conservation Strategy into their respective management plans.   
 

CHAPTER 2 – DEMOGRAPHIC CRITERIA 
 
To maintain a healthy (recovered) grizzly bear population in the NCDE, it is necessary to have adequate 
numbers of bears that are well distributed with a balance between reproduction and mortality.  This 
section details the demographic criteria necessary to maintain and enhance a recovered grizzly bear 
population in the NCDE.  The standards and monitoring protocol focus on the Recovery Zone and the 
area immediately around it identified in this Conservation Strategy as the NCDE Primary Conservation 
Area (PCA) and Management Zone 1 (Zone 1) respectively.  Because grizzly bears are a difficult species 
to monitor, multiple criteria are identified to provide sufficient information upon which to base 
management decisions. 

 

This Conservation Strategy sets an objective of maintaining a recovered grizzly bear population in the 
NCDE area sufficient to maintain a healthy population in biologically suitable habitats within the PCA 
and Zone 1.  This Conservation Strategy sets both demographic goals, which may be difficult to quantify 
and demographic standards, which are objective and measurable criteria of population status and 
health.  It is the goal of the agencies implementing this Conservation Strategy to maintain a genetically 
diverse NCDE grizzly bear population with at least 800 grizzly bears.  We will achieve this goal by 
including specific standards to document a widely distributed population, a high adult female survival 
rate, and sustainable mortality limits that will not result in long‐term population decline.   
 

CHAPTER 3 – HABITAT MANAGEMENT AND MONITORING  
 
The goal of habitat management on public lands is to maintain conditions compatible with a stable to 
increasing grizzly bear population in the NCDE.  This Conservation Strategy identifies a Primary 
Conservation Area (PCA) and three additional management zones (Zone 1, Zone 2, and Zone 3: see 
Figure 1), each with varying levels of habitat protections depending on their relative importance to the 
NCDE grizzly bear population.  Each management zone is a mosaic of land ownerships, with different 
types of habitat protections reflecting the mandates and interests of each agency or Tribal government. 
Our intent is to incorporate habitat standards into GNP’s Superintendent’s Compendium, and National 
Forest and BLM Land and Resource Management Plans.  If adopted, these standards would replace 
existing regulatory standards included in those land management plans. 

The PCA would have the most conservative habitat protections so it can be managed as a source area 
where the goal is continual occupancy by grizzly bears.  Within the PCA, the overall goal for habitat 
management on public Federal lands is to maintain or improve habitat conditions that existed as of 
2011, while maintaining options for resource management activities at approximately the same levels 
that existed in 2011.  Here, secure habitat, road densities, developed sites, and livestock allotments 
would be maintained at levels known to be compatible with a stable to increasing grizzly bear 
population.     
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Management Zone 1 is similar in concept to the 10‐mile buffer around the Recovery Zone within which 
population data were recorded while listed under the ESA.  Population and mortality data will be 
collected in all of the PCA and Zone 1.  On the northwest and southwest corners of Zone 1, there will be 
two Demographic Connectivity Areas (DCAs) with specific habitat measures to support female grizzly 
bear occupancy and eventual dispersal to other ecosystems in the lower 48 States (i.e., the Cabinet‐Yaak 
and Bitterroot ecosystems).  In these DCAs, habitat protections will focus on limiting miles of open road 
and managing current roadless areas as stepping stones to other ecosystems.   

Management Zone 2 will be managed to provide the opportunity for grizzly bears, particularly males, to 
move between the NCDE and adjacent ecosystems (e.g., the GYA) via the multiple large blocks of habitat 
with motorized use restrictions that already exist as of 2011.  Here, the management emphasis will be 
on conflict prevention and response.   

Management Zone 3 does not have enough suitable habitat to contribute meaningfully to the long‐term 
survival of the NCDE population but grizzly bears are sometimes found here.  In contrast to Zones 1 and 
2, Zone 3 does not lead grizzly bears to other suitable habitat or recovery ecosystems.  It was included as 
part of this Conservation Strategy because any grizzly bear found in Zone 3 to date has originated from 
the NCDE and this will likely remain the case for the vast majority of Zone 3. 

CHAPTER 4 – CONFLICT PREVENTION, RESPONSE, AND NUISANCE BEAR MANAGEMENT 
 
For grizzly bear conservation to be successful, providing habitat on the landscape is not enough.  For 
grizzly bears to survive, people must accept the grizzly as a cohabitant of the land.  Tolerance can be 
maintained when the public has confidence in management agencies to respond quickly and 
appropriately to grizzly bear‐human conflicts and the public is equipped with the knowledge to 
understand and avoid grizzly bear‐human conflicts.  The objective of conflict management is to 
maximize human safety and minimize property losses while maintaining a viable population of grizzly 
bears (Dood et al. 2006).  When grizzly bear‐human conflicts are not adequately addressed, there are 
negative consequences for the individual bear and the people involved, and support for grizzly bear 
management and conservation in the NCDE is undermined.  
 
The emphasis of grizzly bear conflict management will be quick response by management authorities, 
removal of the source of the conflict where possible, and the use of non‐lethal solutions.  Depending on 
the circumstances of the conflict, appropriate responses may include: 

− Removing or securing attractants, 
− Public education and outreach,  
− Discouraging the bear from visiting the site using non‐lethal methods (e.g., aversive 

conditioning), 
− Reactively or preemptively capturing and relocating a nuisance bear to a new area, 
− Removing the bear from the wild, including lethal control. 

The focus and intent of nuisance grizzly bear management inside and outside the PCA will be predicated 
on strategies and actions to prevent grizzly bear/human conflicts.  Securing potential attractants is the 
single most effective way to prevent bears from becoming habituated or food conditioned, thereby 



NCDE Grizzly Bear Conservation Strategy            April 2013 

v 
 

limiting human‐caused grizzly bear mortality, grizzly bear‐human encounters, and other grizzly bear‐
human conflicts.  Rules requiring attractants to be stored in a bear‐resistant manner on most public 
lands already exist and will continue under this Conservation Strategy.  The NCDE’s existing I&E 
subcommittee will continue to coordinate outreach efforts in the NCDE to ensure the consistency of 
messages.  All grizzly bear conflicts, relocations, and removals will be documented and reported 
annually in the NCDE Annual Report. 
 

CHAPTER 5 – IMPLEMENTATION AND EVALUATION 
 
Upon implementation of this Conservation Strategy, the NCDE Coordinating Committee will replace the 
current NCDE Grizzly Bear Subcommittee although its membership will remain largely the same.  The 
Coordinating Committee will evaluate implementation of this Conservation Strategy, promote the 
exchange of data and information about the NCDE grizzly bear population among agencies and the 
public, and make recommendations to the management agencies regarding implementation of this 
Conservation Strategy.  The NCDE Coordinating Committee will communicate with the IGBC about the 
NCDE grizzly bear population.  The Coordinating Committee is not a decision‐making body, although it 
may provide recommendations to member agencies from time to time.  The Coordinating Committee 
does not supersede the authority of the management agencies beyond the specific actions agreed to as 
signatories to this Conservation Strategy.  
 
Once adopted by the agencies, this Conservation Strategy’s standards, guidelines, and/or monitoring 
procedures may only be changed through a clear demonstration of need based on biological data, the 
best available science, and/or new techniques.  Any such amendments will be subject to public review 
and would be guided by and consistent with the agreements reached in this Strategy and its overall goal 
to maintain a recovered grizzly bear population in the NCDE and conserve its habitat.   
 
The Coordinating Committee will be supported and informed by the NCDE Monitoring Team and 
Information and Education Team.  The NCDE Monitoring Team will take the lead in preparing an annual 
monitoring report with staff support from the Coordinating Committee member agencies.  Monitoring 
results and analysis will be provided to the Coordinating Committee and the public.  If there are 
deviations from any of the population and/or habitat standards stipulated in this Conservation Strategy, 
a Biology and Management Review will be initiated.  A Biology and Management Review examines 
management of habitat, populations, or efforts of participating agencies to complete their required 
monitoring.  The NCDE Monitoring Team is not responsible for completing impact analyses for projects 
proposed by any agency; such analyses are the responsibility of the agency making the proposal.  The 
Coordinating Committee will respond to the Biology and Monitoring Review with actions to address the 
deviations from the population or habitat standards.  If desired population and habitat standards 
specified in this Conservation Strategy are not being met, and cannot be met in the opinion of the 
Coordinating Committee, then the Committee may petition the Fish and Wildlife Service for relisting.  
 

CHAPTER 6 – REGULATORY AND CONSERVATION FRAMEWORK 
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The management of grizzly bears and the habitats they require for survival are dependent upon the 
laws, regulations, agreements, and management plans of the State, Tribal, and Federal agencies in the 
NCDE.  This chapter documents the regulatory mechanisms and conservation framework that would 
continue to exist if/when they are removed from the Endangered Species Act’s Federal List of 
Endangered and Threatened Wildlife.  These laws, regulations, and agreements provide the legal basis 
for coordinating management,  controlling mortality, providing secure habitats, managing grizzly 
bear/human conflicts, regulating hunters and hunting seasons, limiting motorized access where 
necessary, controlling livestock grazing, regulating oil and gas development, mitigating large scale 
mining operations, maintaining education and outreach programs to prevent conflicts, monitoring 
populations and habitats, and requesting management and petitions for relisting when necessary. 
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Memorandum of Understanding Detailing Agency Agreement to 
Implement this Conservation Strategy 

The agencies signing this Conservation Strategy agree to use their authorities to maintain and enhance 
the recovered status of the grizzly bear in the Northern Continental Divide Area by implementing the 
regulatory mechanisms, interagency cooperation, population and habitat management and monitoring, 
and other provisions of the Conservation Strategy as per the details and responsibilities described in this 
document. All signatories recognize that each has statutory responsibilities that cannot be delegated 
and that this agreement does not and is not considered to abrogate any of their statutory 
responsibilities. This agreement is subject to and is intended to be consistent with all appropriate 
federal and state laws. Funding of this MOU is subject to approval and appropriations by state, tribal, 
and federal entities. All agencies will take appropriate steps to seek funding to implement this 
document. The adequacy of the regulatory mechanisms demonstrated by this Conservation Strategy are 
dependent upon funding being available to fully implement the management and monitoring actions 
detailed in this document. This Conservation Strategy does not go into effect until all agencies have 
signed this document and the final rule delisting the NCDE grizzly population has been published in the 
Federal Register. 
 
 
 
Regional Forester 
U.S. Forest Service, Northern Region 

Date 

 
 
Director 
Montana Fish, Wildlife & Parks 

Date 

 
 
Director 
National Park Service, Intermountain Region  

Date 

 
 
Regional Chief Biologist 
Central Region, USGS Biological Resources Division
 

Date 

 
State Director 
Bureau of Land Management Montana 
 

Date 

 
State Director 
Montana Department of Natural Resources  
 

Date 

 
Regional Director 
U.S. Fish and Wildlife Service, Region 6 

Date 
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Tribal Council Chairman 
Confederated Salish and Kootenai Tribes  

Date 

 
Tribal Business Council Chairman 
Blackfeet Nation  
 
 

Date 
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Chapter 1 – Introduction and Background 

THIS CONSERVATION STRATEGY 

Development of the Conservation Strategy began in 2009, when representatives from the Montana 
Department of Fish, Wildlife and Parks (MFWP); the Montana Department of Natural Resources and 
Conservation (DNRC); the Blackfeet Nation; the Confederated Salish and Kootenai Tribes (CS&KT); 
Glacier National Park (GNP); the U.S. Forest Service (USFS); the U.S. Fish and Wildlife Service (USFWS); 
U.S. Geological Survey (USGS); and the Bureau of Land Management (BLM) were appointed by members 
of the NCDE subcommittee to the Interagency Conservation Strategy Team.   These authorities will 
document their commitment to implementing the Strategy by signing a Memorandum of Understanding 
before it is finalized. 

We (the signatories of this Conservation Strategy) envision the future management of the Northern 
Continental Divide Ecosystem (NCDE) grizzly bear population as one in which the grizzly and its habitat 
are conserved as functional and healthy parts of the ecosystem.  This Conservation Strategy describes 
the management and monitoring direction to maintain a recovered grizzly bear population in the NCDE 
and documents the commitment of signatory agencies to implement these measures.  It describes the 
regulatory framework for management and monitoring of the NCDE grizzly bear population and its 
habitat upon recovery and removal from the Endangered Species Act’s Federal List of Endangered and 
Threatened Wildlife (i.e., delisting).  Recovery of the grizzly bear population in the NCDE has been 
possible because of the partnerships between Federal and State agencies, multiple Tribes, county and 
city governments, educational institutions, numerous organizations, private landowners, and the public 
who live, work, and recreate in the NCDE and surrounding lands.  We developed this Conservation 
Strategy because maintenance of a healthy, recovered grizzly population depends on the effective 
continuation of these partnerships to manage and conserve the NCDE grizzly bear population and its 
habitat.   

This Conservation Strategy would remain in effect beyond recovery, delisting, and the five year 
Monitoring period required by the Endangered Species Act (ESA) as grizzly bears will always be a 
“conservation‐reliant” species in the NCDE (Scott et al. 2005) and the need to coordinate management 
of the population across multiple land ownerships and jurisdictions will remain.  The Strategy is a 
dynamic document.  Given the Strategy's scope and expected duration, it is likely that management and 
monitoring will require adjustments as new information becomes available.  Any adjustments will be 
based on the best available science and, where appropriate, public involvement.  

The key to public support and successful management of grizzly bears is to balance multiple land uses, 
public safety, and careful consideration of grizzly bear needs.  Human‐caused mortality is the limiting 
factor for nearly all grizzly bear populations in the world and this Conservation Strategy aims to manage 
mortality at sustainable levels through habitat protections that minimize mortality risk while 
emphasizing conflict prevention, conflict response, and decisions grounded in scientific data and 
monitoring.  On both public and private lands, public information and education efforts have played, 
and will continue to play, an integral role in minimizing grizzly bear/human conflicts.  Similarly, the 
responsive management of nuisance grizzly bears that increased public support and tolerance while 
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grizzly bears have been listed as a “threatened” species under the ESA, will continue.  In a recovered, 
delisted population of grizzly bears, management as game animals is a valuable conservation tool that 
can increase public support among those living in grizzly bear habitat.  As such, management may 
include regulated hunting when and where appropriate. 

Within the NCDE, the grizzly bear population and its habitat will be managed using a management 
approach that identifies a Primary Conservation Area (PCA) and three additional management zones 
(Zone 1, Zone 2, and Zone 3: see Figure 1).  This approach of differential protections in areas depending 
on their relative importance to the grizzly bear population is similar to the approach used in the NCDE 
while listed as “threatened” under the ESA.  Different “Management Situations” and levels of flexibility 
were applied on different public lands based on their relative importance to the population and the 
sometimes competing needs of humans.  The PCA is the area currently known as the NCDE Recovery 
Zone.  Habitat protections in the PCA were compatible with an increasing population and this is where 
the most conservative habitat protections would remain.  Grizzly bears are also expected to occupy 
habitat outside the PCA in Zones 1 and 2 where they may serve as a source population to other recovery 
ecosystems in the lower 48 States that remain “threatened” by small population size (e.g., the Cabinet‐
Yaak ecosystem) or other threats.   In these adjacent management zones, habitat and population 
protections would vary by management objective.  Our intent is to have signatories of this Conservation 
Strategy representing the land management agencies incorporate the habitat standards and guidelines 
described in this Conservation Strategy into their respective management plans.  The USFWS will not 
approve and sign the Conservation Strategy’s MOU until this process is complete.  Upon implementation 
of this Conservation Strategy, management using the NCDE recovery zone line and grizzly bear 
Management Situations as described in the Interagency Grizzly Bear Guidelines (USFS 1986) would no 
longer be necessary and would no longer apply.  

The Montana Grizzly Bear Management Plan for Western Montana (Dood et al. 2006), the Montana 
Grizzly Bear Management Plan for Southwestern Montana (MFWP 2002), Tribal grizzly bear 
management plans (Servheen et al. 1981; Blackfeet Nation, in process), Federal land and resource 
management plans, Tribal Forest management plans (CS&KT 2000; Blackfeet Nation 2008), State Habitat 
Conservation Plan (DNRC 2010), and other appropriate planning documents such as the Montana 
Comprehensive Fish and Wildlife Conservation Strategy (MFWP 2005) provide specific management 
direction both inside and outside the PCA and ensure implementation of and consistency with this 
Conservation Strategy.  Ongoing review and evaluation of the effectiveness of this Conservation Strategy 
would be the responsibility of the State, Federal, and Tribal managers in the NCDE.  This NCDE 
Conservation Strategy will be updated by the management agencies as necessary using the best 
available science, allowing for public comment in the updating process.  

The purposes of this Conservation Strategy are to: 
− Describe and summarize the coordinated strategies, standards, and guidelines developed for 

managing the grizzly bear population, grizzly bear/human conflicts, and grizzly bear habitat to 
ensure continued conservation in the NCDE. 

− Document the regulatory mechanisms, legal authorities, policies, management documents, and 
monitoring programs that will maintain the recovered grizzly bear population. 
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− Document the commitments agreed to by the participating agencies. 

Implementation of this Conservation Strategy requires continued cooperation between Federal, State, 
and Tribal agencies.  To facilitate this cooperation, upon delisting, the NCDE Grizzly Coordinating 
Committee (hereafter referred to as the Coordinating Committee) will replace the NCDE Ecosystem 
Subcommittee (See Chapter 5 for more information about the activities of the Coordinating Committee).  
Because the NCDE is a dynamic environment, monitoring systems in this Conservation Strategy allow for 
adaptive management as environmental conditions change.  The agencies are committed to being 
responsive to the needs of the grizzly bear through adaptive management actions based on the best 
available science and the results of detailed population and habitat monitoring.  

Legal Framework for Habitat and Population Management 

This Conservation Strategy provides a cohesive umbrella for all signatories to operate under but each 
signatory has their own legal process and authority to implement the Strategy.  Any updates to the 
Conservation Strategy in the future will be governed by these same, agency‐specific processes.  The legal 
framework and authority to manage grizzly bear populations (i.e., establish population goals, hunting 
quotas, mortality limits, and respond to grizzly bear/human conflicts) within the state of Montana is 
given to Montana Fish Wildlife and Parks by Montana Code Annotated § 87‐1‐201(9)(a)(ii).  Rangers and 
law enforcement personnel on public lands, National Forests and in Glacier National Park also have the 
authority to respond to and manage grizzly bear/human conflicts on lands under their management 
jurisdictions (see 36 CFC 1.7(B) 1.2 (d); 16 USC § 551, 553, and 559).  The legal framework and authority 
to manage roads and other human activities in grizzly bear habitat is provided to GNP by the Glacier 
National Park Enabling Act (36 Stat., 354) and the National Park Service Organic Act (16 U.S.C. §1); to the 
USFS by the Forest and Rangeland Renewable Resources Act of 1974, and the National Forest 
Management Act of 1976 (36 CFR 219); to the BLM by the Federal Lands Policy and Management Act (43 
U.S.C. §§ 1701‐1777); to the CS&KT and Blackfeet Nation by the National Indian Forest Resources 
Management Act (25 USC Chapter 33); to Montana Fish Wildlife and Parks by Montana Code Annotated 
§ 87‐1‐201(9)(b) and related Administrative rule (ARM 12.9.103); and to the Montana DNRC, by virtue of 
its status as the administrative arm of the Montana Board of Land Commissioners, by the Enabling Act of 
1889, 25 Stat. 676, as amended, Article X, §§ 2 and 11 of the 1972 Montana Constitution, and Title 77 of 
the Montana Code Annotated,  by the Executive Reorganization Act of 1971 (Chapter 272, Laws of 
Montana, 1971; Title 82A, R.C.M. 1947) and related Administrative Rules (ARM 36.11.401 – 36.11.471).  
In summary, this Conservation Strategy is the guiding document describing the concepts, principles, 
goals, requirements, and monitoring to maintain a recovered grizzly bear population in the NCDE, but 
the legal mechanisms and authority necessary to implement this Conservation Strategy are provided by 
numerous State, Federal, and Tribal laws (see Ch. 6 for more information about these regulatory 
mechanisms).  
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DESCRIPTION OF THE MANAGEMENT ZONES 

 

The area within which grizzly bear management will be directed by this Conservation Strategy and 
associated management plans covers 27,338,696 acres (110,636 sq km) in central and western 
Montana.  This large area is divided into a PCA and three management zones (Figure 1).  In general, 
habitat management is implemented on public lands (State, Tribal, and/or Federal) whereas population 
management is implemented on all lands (State, Tribal, Federal, and/or private).  Management direction 
for the PCA and adjacent management zones within the NCDE is described below:   

● The PCA (5,712,862 acres; 23,119 sq km) will be managed as a source area where the objective 
is continual occupancy by grizzly bears and maintenance of habitat conditions that are 
compatible with a stable to increasing grizzly bear population.  This is the area where the most 
conservative habitat protections apply.  Here, large blocks of secure habitat would be 
maintained and no net increases in motorized route densities, developed sites, or livestock 
allotments would be allowed on Federal lands.  Attractant storage rules would be implemented 
on Federal, Tribal, and most State lands. 

● Management Zone 1 (4,808,719 acres; 19,460 sq km) is similar in concept to the 10‐mile buffer 
delineated around the Recovery Zone under listed status within which demographic recovery 
criteria apply.  The objective in Zone 1 is continual occupancy by grizzly bears but at expected 
lower densities than inside the PCA.  Here, habitat protections will focus on managing motorized 
route densities within levels specified in current Federal and Tribal land use plans because these 
are known to be compatible with a stable to increasing grizzly bear population.  Attractant 
storage rules would be implemented on Federal, Tribal, and most State lands. 

● The PCA and Zone 1 together (10,521,581 acres; 42,579 sq km) will be the area within which 
population data are collected and sustainable mortality limits apply.  Regulated, sustainable 
grizzly bear hunting could be allowed and would be managed to promote social tolerance of 
grizzlies. 

○ There will be two Demographic Connectivity Areas (DCAs) (987,256 acres; 3,995 sq km) 
on the western side of Zone 1 to benefit other grizzly bear populations within the lower 
48 States that retain their “threatened” status (i.e., the Cabinet‐Yaak and Bitterroot 
ecosystems) by supporting female occupancy and potential dispersal to these other 
populations.  In these areas, habitat protections on Federal and Tribal lands will focus on 
limiting miles of open road and managing current roadless areas as stepping stones to 
other ecosystems.  Hunting opportunities in these areas in the foreseeable future would 
be compatible with the objective of female occupancy. 

● In Management Zone 2 (4,658,932 acres; 18,854 sq km), the objective is to maintain existing 
resource management and recreational opportunities and allow agencies to respond to 
demonstrated conflicts (as defined in the nuisance bear management section) with appropriate 
management actions.  Public lands in Zone 2 will be managed to provide the opportunity for 
grizzly bears, particularly males which are more likely to disperse long distances, to move 
between the NCDE and adjacent ecosystems (i.e., the Greater Yellowstone ecosystem or the 
Bitterroot ecosystem) via current direction in USFS and BLM Resource Management Plans.  
Here, the management emphasis will be on conflict prevention and response.  Attractant 
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storage rules would be implemented on most Federal and State lands.  Grizzly bears would not 
be captured and removed unless there are conflicts that can only be solved by capture and 
relocation or removal of the offending bear.  MFWP would manage grizzly bear hunting 
opportunities in these areas in the foreseeable future to be compatible with grizzly bear 
occupancy, albeit at lower densities than in the PCA or Zone 1.  

● Management Zone 3 (12,158,183 acres; 49,202 sq km) primarily consists of areas where grizzly 
bears do not have enough suitable habitat for long‐term survival and occupancy (see “GRIZZLY 
BEAR HABITAT MANAGEMENT” section below).  Grizzly bear occupancy will not be actively 
discouraged.  Management emphasis will be on conflict response.  Grizzly bears will not be 
captured and removed just because they occur in Zone 3, nor will they be captured and 
removed from Zone 3 unless there are conflicts that can only be resolved by capture and 
relocation or removal of the offending bear.  Regulated grizzly bear hunting would be allowed.  

 



NCDE Grizzly Bear Conservation Strategy            April 2013 

6 
 

 

Figure 1.  Grizzly bear management zones specified in this Conservation Strategy.  The Salish and 
Ninemile Demographic Connectivity Areas within Zone 1 are delineated by cross‐hatching.
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GRIZZLY BEAR STATUS & ECOLOGY 

Current Status 

Thanks to the ongoing efforts of multiple agencies and partners, the grizzly bear population in the NCDE 
is strong, healthy, and recovered.  Although numerous activities may impact individual grizzly bears, the 
management commitments contained in this Conservation Strategy ensure these will not threaten the 
population in the foreseeable future.  

Using non‐invasive sampling methods and capture‐mark‐recapture models, Kendall et al. (2009) 
estimated there were 765 grizzly bears in the NCDE in 2004.  Between 2004 and 2009, Mace et al. (2012) 
radio‐collared and monitored 83 different female grizzly bears in the NCDE to determine that the 
population was increasing at a rate of 3.06% per year during this time (95% CI = 0.928–1.102).  This 
estimate of average annual population growth was re‐calculated in 2012 using data through 2011 with a 
resulting rate of 3.03% per year across this time period (2004‐2011).  Applying this 3.03% rate of annual 
growth from Mace (2012, personal communication) to the 2004 DNA‐based population estimate over 
the eight years from 2004 to 2011 yields a 2011 population estimate of 942 bears.  The NCDE population 
of grizzly bears is contiguous with grizzly bears in Canada, resulting in high genetic diversity (Proctor et 
al. 2012).  Grizzly bears are well distributed throughout the PCA and Zone 1 although density is higher 
inside the PCA (see Kendall et al. 2008, 2009; Mace and Roberts 2011).  Further evidence of the wide 
distribution of grizzly bears across the NCDE is the documentation of females, or females with young, in 
at least 21 of 23 Bear Management Units (BMUs) between 1999 and 2010 (Dood et al. 2006; Kendall et 
al. 2009; Mace and Roberts 2011) (Figure 2).  While the Recovery Plan (USFWS 1993, p. 62) identified 
sightings of females with cubs as a method to estimate minimum population size, it also recognized that 
“Because of the forested nature of much of the NCDE…the calculated minimum number of females with 
cubs will underestimate the actual number [population size].”  Kendall et al.’s (2009) estimate of total 
population size was more than double the minimum population size estimate based on sighting of 
females with cubs, further corroborating the difficulty of using this parameter as an indicator of 
population size in this ecosystem.  Therefore, since 2004, sightings of females with cubs have not been 
consistently collected, and this method is no longer used to estimate minimum population size.  Instead, 
radio‐telemetry, DNA samples, and mortalities are used to provide distribution data and annual 
population growth rates that are applied to Kendall et al.’s (2009) population size estimate to project an 
index of total population size since 2004.   

Using the same data used to estimate trend, Mace et al. (2012) calculated dependent cub survival to be 
0.612 (95% CI = 0.300–0.818); yearling survival to be 0.682 (95% CI = 0.258–0.898); subadult female 
survival to be 0.852 (95% CI = 0.628–0.951); and adult female survival to be 0.952 (95% CI = 0.892–
0.980).  These survival rates and Mace et al.’s (2012) estimate of trend indicate mortality was not only 
within sustainable limits between 2004 and 2009, but actually allowed an increasing population. 

Grizzly bear densities within the NCDE vary but generally decrease toward the south and on the 
periphery of the ecosystem (Kendall et al. 2009).  Grizzly bear population densities were highest inside 
Glacier National Park with approximately 30 bears per 1,000 sq km (247,105 acres) (Kendall et al. 2008). 
This is equivalent to approximately one bear per 33 sq km (8,154 acres).  This estimate is similar to Mace 



NCDE Grizzly Bear Conservation Strategy            April 2013 

8 
 

et al.’s (1994) estimate of one bear per 25‐30 sq km (6,177–7,413 acres) in the Swan Mountain Range in 
the west central portion of the NCDE.  

 

Figure 2.  Bear Management Units (BMUs) in the NCDE Primary Conservation Area.  BMU subunits are 
outlined in light gray. 
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Behavior & Life History    

Adult grizzly bears are normally solitary except when females have dependent young (Nowak and 
Paradiso 1983) but they are not territorial and home ranges of adult bears frequently overlap (Mace and 
Waller 1997a Schwartz et al. 2003b).  Home range size is affected by resource availability, sex, age, and 
reproductive status (LeFranc et al. 1987; Blanchard and Knight 1991; Mace and Waller 1997b). 
Generally, females with cubs‐of‐the‐year or yearlings have the smallest home range sizes (Aune and 
Kasworm 1989; Blanchard and Knight 1991; Mace and Waller 1997b; Mace and Roberts 2011).   

The annual home range of adult male grizzly bears in the NCDE ranges from 146–588 sq mi (377–1,522 
sq km), while female ranges are typically smaller, between 26–94 sq mi (74‐242 sq km) (Aune and 
Kasworm 1989; Mace and Waller 1997a; Waller 2005; Mace and Roberts 2011).  Females inside GNP 
generally had smaller home range sizes than those outside the Park, which is likely due to the higher 
density of both bears and resources inside GNP (Mace and Roberts 2011).  In the Swan Mountains of the 
NCDE, home range size was largest in the spring and smallest in the fall for both sexes, (Mace and Waller 
1997a).  The large home ranges of grizzly bears, particularly males, enhance genetic diversity in the 
population by enabling males to mate with numerous females (Blanchard and Knight 1991; Craighead 
et al. 1995).  

Grizzly bears display a behavior called natal philopatry in which dispersing young establish home ranges 
within or overlapping their mother’s (Waser and Jones 1983; Schwartz et al. 2003b). This type of 
movement makes dispersal across landscapes a slow process. Radio‐telemetry and genetic data suggest 
females establish home ranges an average of 6.1 to 8.9 mi (9.8 to 14.3 km) away from the center of their 
mother’s home range, whereas males generally disperse further, establishing home ranges roughly 
29.9 to 42.0 km (18.6 to 26.0 mi) away from the center of their mother’s (McLellan and Hovey 2001; 
Proctor et al. 2004). 

Grizzly bears have a promiscuous mating system (Hornocker 1962; Craighead and Mitchell 1982; 
Schwartz et al. 2003b).  Mating occurs from May through July with a peak in mid‐June (Craighead and 
Mitchell 1982; Nowak and Paradiso 1983).  Although females mate in spring and early summer, their 
fertilized embryos do not implant in their uterus until late fall.  This delayed implantation only occurs if 
the female grizzly bear obtains enough fat over the summer and fall to survive the winter and nurse 
cubs for 2‐3 months inside the den (Schwartz et al. 2003a; Schwartz et al. 2003b; Schwartz et al. 2006).  
Age of first reproduction and litter size may be related to nutritional state (Stringham 1990; McLellan 
1994; Hilderbrand et al. 1999; Mattson 2000).  Average age of first reproduction in the NCDE is 5.4 years 
old but can vary from 3‐8 years of age (Mace et al. 2012).  Mean litter size in the NCDE is 2.2 with a 
range from one to four cubs (Mace and Waller 1997b; Schwartz et al. 2003b).  Cubs are born in the den 
in late January or early February and remain with the female for 1.5 to 2.5 years, making the average 
time between litters in the NCDE (i.e., the interbirth interval) 3.0 years (Mace and Waller 1997b; 
Schwartz et al. 2003b).  Grizzly bears have one of the slowest reproductive rates among terrestrial 
mammals, resulting primarily from the reproductive factors described above:  late age of first 
reproduction, small average litter size, and the long interval between litters (Nowak and Paradiso 1983; 
Schwartz et al. 2003b).  Given the above factors, it may take a single female 10 years to replace herself 
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in a population (USFWS 1993). Grizzly bear females cease reproducing some time in their mid‐ to late 
20s (Aune et al. 1994; Schwartz et al. 2003a). 

Grizzly bears usually dig dens on steep slopes where wind and topography cause an accumulation of 
deep snow and where the snow is unlikely to melt during warm periods.  Grizzly bears in the NCDE 
occupy dens for 4‐6 months each year, beginning in October or November (Mace and Waller 1997b; 
Linnell et al. 2000).  Most of these dens are above 6,400 feet (> 1,942 m) in elevation (Mace and Waller 
1997b).  More than 29% (1,684,220 acres; 6,815 sq km) of the PCA is potential denning habitat so its 
availability is not considered a limiting factor for grizzly bears in the NCDE.  Denning increases survival 
during periods of low food availability, deep snow, and low air temperature (Craighead and Craighead 
1972).  During this period, they do not eat, drink, urinate, or defecate (Folk et al. 1976; Nelson 1980).  
Hibernating grizzly bears exhibit a marked decline in heart and respiration rate, but only a slight drop in 
body temperature (Nowak and Paradiso 1983).  Due to their relatively constant body temperature in the 
den, hibernating grizzly bears can be easily aroused and have been known to exit or re‐locate dens when 
disturbed by seismic or mining activity (Harding and Nagy 1980) or other human activities (Swenson 
et al. 1997).  Dens are rarely used twice by an individual although the same general area may be used 
multiple times (Schoen et al. 1987; Mace and Waller 1997b; Linnell et al. 2000).  Females display 
stronger area fidelity than males and generally stay in their dens longer, depending on reproductive 
status (Judd et al. 1986; Schoen et al. 1987; Mace and Waller 1997b; Linnell et al. 2000).  In the NCDE, 
females with new cubs typically emerge from their dens from early April to early May (Mace and Waller 
1997b). 

In preparation for hibernation, bears increase their food intake dramatically during a stage called 
hyperphagia (Craighead and Mitchell 1982).  Hyperphagia is defined simply as eating in excess of daily 
metabolic demands and occurs throughout the 2‐4 months prior to den entry (i.e., August – November).  
During hyperphagia, excess food is deposited as fat, and grizzly bears may gain as much as 1.65 kg/day 
(3.64 lb/day) (Craighead and Mitchell 1982).  Grizzly bears must consume foods rich in protein and 
carbohydrates in order to build up fat reserves to survive denning and post denning periods (Rode and 
Robbins 2000).  These layers of fat are crucial to the hibernating bear as they provide a source of energy 
and insulate the bear from cold temperatures, and are equally important in providing energy to the bear 
upon emergence from the den when food is still sparse relative to metabolic requirements (Craighead 
and Mitchell 1982). 

Nutritional Ecology  

The NCDE is a highly diverse landscape encompassing a wide array of habitat types and bear foods. Plant 
communities vary from short grass prairie and wheat fields on the eastern foothills to extensive conifer 
forests at mid‐elevation and sub alpine and alpine meadows in the mountainous core.  Although the 
digestive system of bears is essentially that of a carnivore, bears are successful omnivores, and in many 
areas of the NCDE are almost entirely herbivorous (Jacoby et al. 1999; Schwartz et al. 2003b).  Grizzly 
bear diets are characterized by high variability among individuals, seasons, and years (Servheen 1981; 
Mattson et al. 1991a; Mattson et al. 1991b; Schwartz et al. 2003b; LeFranc et al. 1987; Felicetti et al. 
2003; Felicetti et al. 2004).  They opportunistically seek and consume the most nutritious plant and 
animal foods available to them.  Grizzly bears will consume almost any food available including living or 
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dead mammals or fish, insects, worms, plants, human‐related foods, and garbage (Knight et al. 1988; 
Mattson et al. 1991a; Mattson et al. 1991b; Schwartz et al. 2003b).  In areas where animal matter is less 
available, berries, grasses, roots, bulbs, tubers, seeds, and fungi are important in meeting protein and 
caloric requirements (LeFranc et al. 1987; Schwartz et al. 2003b). 

Grizzly bears display great diet plasticity and switch food habits according to which foods are available 
(Servheen 1981; Kendall 1986; Mace and Jonkel 1986; Martinka and Kendall 1986; LeFranc et al. 1987; 
Aune and Kasworm 1989).  Mattson et al. (1991a) hypothesized that grizzly bears are always sampling 
new foods in small quantities so that they have alternative options in years when preferred foods are 
scarce.  In the GYA, Blanchard and Knight (1991) noted that, “After 10 years of food habits data 
collection, new feeding strategies continued to appear annually in this population.”   

Fecal analysis, direct observation, and stable isotope analyses have been used to determine diets of 
grizzly bears in the NCDE and nearby areas (Kendall 1986, Mace and Jonkel 1986; Martinka and Kendall 
1986, Hamer and Herrero 1987; LeFranc et al. 1987; Aune and Kasworm 1989; Hilderbrand et al 1996; 
White et al. 1998; Robbins et al. 2004).  Using scat analysis and direct observation, many studies have 
confirmed that NCDE grizzlies eat different foods in different seasons, depending on their availability 
(Servheen 1981; Kendall 1986; Mace and Jonkel 1986; Martinka and Kendall 1986; LeFranc et al. 1987; 
Aune and Kasworm 1989).  Although scat analysis typically underestimates the contribution of animal 
matter in diets because it is more thoroughly digested, it allows direct comparison of other foods among 
seasons and individuals.    

Using stable isotope analysis, Jacoby et al. (1999) investigated the proportion of meat and vegetation in 
grizzly bear diets in Glacier National Park and surrounding National Forest lands, concluding that males 
consume more meat than females or subadults.  Adult female and subadults diets were 100% and 94% 
plant matter, respectively while adult male diets included 33% meat.  Similarly, Mowat and Heard (2006) 
used stable isotope analysis to document that in the Swan Mountains, GNP, and the Canadian portion of 
the North Fork of the Flathead River, the amount of plant matter consumed when all age and sex classes 
were pooled ranged from 78‐88%.  On the Blackfeet and Flathead Indian Reservations, which flank the 
eastern and western edges of the mountainous core that characterizes the PCA, adult female diets 
consisted of 27% plant matter; adult male diets included 31% plant matter; and subadult males and 
females derived 34% of their diets from plant matter.  The remaining proportions of diets were 
comprised of animal matter including insects, fish, livestock, wild ungulates, and other mammals.  This 
increase in the amount of animal matter consumed when living within the foothills and prairies adjacent 
to mountainous areas is consistent with other studies of bear diet.  Using fecal analysis, Aune and 
Kasworm (1989) found that meat was the 3rd most important food source during spring for grizzly bears 
on the Rocky Mountain Front (foothills) of the NCDE.  Similarly, using fecal analysis, Munro et al. (2006) 
found that at the peak of meat consumption in early June in Alberta, the diets of foothills bears 
contained more than double the amount of meat (49%) than those of mountain bears (20%).   

Upon den emergence, bears in the NCDE may search avalanche chutes for animal carcasses before 
descending to lower elevations seeking newly emerging vegetation. From den‐emergence until early 
summer, grizzlies typically subsist on the roots of sweet vetches (Hedysarum boreale and H. 
sulfurescens), biscuit root (Lomatium species), glacier lilies (Erythonium grandiflorum) and western 
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spring beauty (Claytonia lanceolata); berries from the previous year’s crop of bearberry (Arctostaphylos 
uva‐ursi); vegetation from grasses, sedges, cow parnsip (Heracleum species), and angelica (Angelica 
species); and ungulate meat (Servheen 1981; Kendall 1986; Mace and Jonkel 1986; Martinka and Kendall 
1986; LeFranc et al. 1987; Aune and Kasworm 1989).   

During summer, before berry crops are available, grizzlies in the NCDE may eat the roots of western 
spring beauty and glacier lilies and the vegetation of Ligusticum species, sweet cicely (Osmorhiza 
species), grasses, Equisetum species, cow parsnip, and Angelica species (LeFranc et al. 1987; Aune and 
Kasworm 1989; McLellan and Hovey 1995).  Many grizzlies also begin to feed on army cutworm moths 
(Euxoa auxiliaris) in GNP from late June through mid‐September (White et al. 1998).  In the Mission 
Mountains, grizzlies may feed on army cutworm moths and ladybird beetles (Coccinnella species) from 
the beginning of July through the end of August (Chapman et al. 1955; Servheen 1983; Klaver et al. 
1986).  Grizzlies have also been observed feeding on army cutworm moths in the Scapegoat Wilderness 
(Sumner and Craighead 1973; Craighead et al. 1982) and the Rocky Mountain Front of Montana (Aune 
and Kasworm 1989).  Once berries become available, grizzlies in the NCDE may consume huckleberries 
(Vaccinium species), soap berries (Shepherdia canadensis), service berries (Amelanchier alnifolia), 
hawthorn berries (Crataegus douglasii), and choke cherries (Prunus species); and to a lesser degree 
alderleaf buckthorn berries (Rhamnus alnifolia) and mountain ash (Sorbus scopulina and S. sitchensis) 
(Servheen 1981; Kendall 1986; Mace and Jonkel 1986; Martinka and Kendall 1986; LeFranc et al. 1987; 
McLellan and Hovey 1995).  The amount and species of berries in bear diets vary annually based on 
annual fruit production and distributions (McLellan and Hovey 1995). 

During late summer to fall, grizzlies in the NCDE may continue to eat berries but will also consume more 
meat (mostly from hunter gut piles and hunter wounded animals) and the roots/bulbs/corms of sweet 
vetches and biscuit roots (Kendall 1986; Mace and Jonkel 1986; Martinka and Kendall 1986; LeFranc et 
al. 1987; Aune and Kasworm 1989; McLellan and Hovey 1995).  While the roots of sweet vetches are 
used by grizzly bear populations in Canada, Alaska, GNP and the northern reaches of the lower 48 States 
during spring and fall (Hamer and Herrero 1987; LeFranc et al. 1987; McLellan and Hovey 1995; Munro 
et al. 2006), where Hedysarum is less common in the southern and eastern edges of the PCA, grizzlies 
can consume biscuit roots and glacier lily bulbs instead (LeFranc et al. 1987; Aune and Kasworm 1989).  
Prior to the spread of whitepine blister rust (Cronartium ribicola) in the NCDE, grizzlies fed on whitebark 
pine seeds from late summer through fall when and where they were available, primarily in the 
Whitefish Mountain range and along the Rocky Mountain Front (Shaffer 1971; Mace and Jonkel 1986; 
Aune and Kasworm 1989; Kendall and Arno 1990).  Whitebark pine mortality rates from the early to 
mid‐1990s indicate that 42‐58% of all trees surveyed within the NCDE were dead with 48‐83% of trees 
surveyed showing signs of blister rust infection (Kendall and Keane 2001).  Due to this widespread 
mortality from blister rust, whitebark pine seeds have been lost in the NCDE as a food source for bears.  
Despite this loss, the grizzly bear population is larger in size than once thought and increasing, a 
testament to the habitat diversity and flexibility of grizzly bear diets in the NCDE.  In summary, the 
varying climate, topography, and vegetative conditions in the NCDE provide for a variety of habitats and 
foods for bears to consume. 
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Grizzly connectivity, genetic health, and population structure  

Because grizzly bears live at relatively low population densities, disperse slowly, and are vulnerable to 
human‐caused mortality, anthropogenic fragmentation of historically contiguous grizzly bear 
populations is common where grizzly bear populations occur in proximity to human population centers 
(Forman and Alexander 1996; Proctor et al. 2012; Lindenmayer and Fischer 2006).  Small, isolated 
populations are vulnerable to extinction through genetic drift, demographic processes (e.g., human‐
caused mortality, decreased birth rates, etc.) and environmental processes (e.g., poor food years, 
climate change, habitat loss, etc.).  It is widely accepted that extinction risk due to genetic drift is 
reduced even through minimal levels of connectivity (Soule 1987).  For example, experimental and 
theoretical data suggest that one to two successful migrants per generation is an adequate level of gene 
flow to maintain or increase the level of genetic diversity in isolated populations (Mills and Allendorf 
1996; Newman and Tallmon 2001; Miller and Waits 2003).   

Genetic sampling and radio telemetry have been used to examine movements, genetic diversity, and 
population structure within the NCDE (see Kendall et al. 2008; Kendall et al. 2009; Mace et al. 2012; 
Proctor et al. 2012).  Heterozygosity values are a useful, relative measure of genetic diversity.  Higher 
values indicate greater genetic variation.  Mean observed heterozygosity in the NCDE population was 
0.73 in 2004, the year of sampling (Kendall et al. 2009). Similarly, Proctor et al. (2012) documented 
heterozygosity values of 0.67‐0.68 for the NCDE for samples obtained between 1990 and 2004.  These 
values approach levels found in relatively undisturbed grizzly bear populations in northern Canada and 
Alaska and indicate good genetic diversity.  

Connectivity in grizzly bear populations should be examined in a genetic and demographic framework 
(Proctor et al. 2012).  While male or female movements can enhance genetic diversity and reduce 
genetic fragmentation (i.e., provide genetic connectivity) (Miller and Waits 2003; Proctor et al. 2005), 
female movements are necessary to enhance a small population’s growth rate (i.e., provide 
demographic connectivity) (Proctor et al. 2012).  Proctor et al. (2012) used genetic assignment testing 
and movement data from radio‐collared grizzly bears between 1979 and 2007 to assess fragmentation 
in grizzly bear populations in the U.S. and Canada.  Both male and female grizzlies moved freely across 
the US/Canadian border on the northern edge of the NCDE.  Proctor et al. (2012) documented 11 
movements (10 males and 1 female) between the NCDE and grizzly bear populations north of Hwy. 3 in 
Canada, indicating the NCDE appears to be well connected to Canadian populations and its population 
size means there is currently little risk of significant reduction in the present high levels of genetic 
diversity.     

Kendall et al. (2009) identified six subpopulations in the NCDE based on genetic analyses.  However, the 
genetic differentiation values observed among the different areas within the NCDE was generally low. 
There are few geographical barriers thought capable of creating genetic discontinuities in the NCDE and 
generally the subpopulation boundaries did not coincide with natural or anthropogenic geographic 
features. Genetic differentiation between subpopulations decreased when genetic data from 1976‐1998 
was compared to data from 1999‐2006, a finding consistent with demographic recovery of the 
population (Kendall et al. 2009).   The only suggestion of human‐caused fragmentation was on the 
western side of the U.S. Hwy. 2 / Burlington Northern Santa Fe (BNSF) rail line corridor between Glacier 
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National Park and National Forest lands where human‐caused mortality is high.  There was little genetic 
differentiation across the eastern portion of the corridor but at the western end where highway traffic 
volumes and human densities are three times higher, differentiation indicated reduced gene flow 
(Kendall et al. 2009).  While this genetic differentiation north and south of the highway does not indicate 
complete absence of genetic interchange, it suggests fragmentation may be starting to occur.  While 
managers remain vigilant about the possible fragmenting effects of the Hwy. 2 corridor, both male and 
female movements were documented across this corridor and the current state of fragmentation is 
within levels that ensure both demographic and genetic connectivity (Miller and Waits 2003; Waller and 
Servheen 2005).   

Overall, the NCDE is well connected to Canadian populations genetically and its population size ensures 
demographic and genetic health.  Accordingly, the NCDE should eventually serve as a source population 
for genetic and demographic rescue of other grizzly populations in the lower 48 States. 

GRIZZLY BEAR POPULATION & HABITAT MANAGEMENT 

In these sections, we provide background on the factors that need to be considered to successfully 
manage and conserve grizzly bears in the NCDE.  These factors and their potential impacts to grizzlies 
provide the basis and logical framework for our population and habitat standards described in Chapters 
2 and 3, respectively. 

Grizzly Bear Population Management 

Wildlife population managers are interested in a number of factors when gauging the status of a 
population including population size, trend (i.e., increasing, decreasing, or stable), density, distribution, 
levels of genetic diversity, reproductive rates, survival rates, and mortality causes.  While population size 
is a well‐known measure of population resilience, it is extremely challenging to obtain a reliable 
population estimate on an annual basis within the NCDE due to the difficulty of sighting individual bears 
and the high costs of more intensive methods.  However, it is not necessary to estimate population size 
every year if its value at a given time is known and there is a reliable estimate of population trend.  In 
the NCDE, we know the population consisted of 765 (95%CI = 715 – 831) individuals in 2004 and that it 
has been increasing approximately 3% annually since then (Kendall et al. 2009; Mace et al. 2012).  This 
trend estimate incorporates all sources of mortality both known and unknown, and assures managers 
that grizzly bear mortality has been within sustainable levels.   

Survival and reproduction are the two demographic vital rates driving whether the grizzly bear 
population increases, decreases, or remains stable (i.e., trend).  Demographic parameters influencing 
trend include age‐specific survival, sex‐specific survival, age of first reproduction, average number of 
cubs per litter, the time between litters, age ratios, sex ratios, and immigration and emigration.  These 
data are used to determine if and why the population is increasing or decreasing (Anderson 2002; Mills 
2007; Mace et al. 2012).  
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Grizzly Bear Survival in the NCDE 

Survival in the NCDE is influenced by age, sex, reproductive status, and home range location (i.e., 
proximity to humans and human activities). While grizzly bears in the NCDE die from natural causes on 
occasion, human‐caused mortality is the driving force behind grizzly bear survival rates.  Of 337 grizzly 
bear mortalities documented between 1998 and 2011 86% (290 of 337) were human‐caused (Table 1).  
Despite these mortalities, the survival rate for adult females, the single most important cohort affecting 
population trend, is high: 0.952 (95% CI = 0.892–0.980) (Mace et al. 2012).  

In the NCDE, the top three sources of human‐caused mortality are: management removals (31%), illegal 
kills (21%), and defense of life (15%) (Table 1).  Management removals of nuisance bears following 
grizzly bear/human conflicts are sometimes necessary.   These removals benefit the conservation of 
grizzly bear populations by minimizing illegal killing of bears, providing an opportunity to educate the 
public about how to avoid conflicts, and promoting tolerance of grizzly bears by responding promptly 
and effectively when bears pose a threat to public safety.  When making decisions about nuisance bears, 
this Conservation Strategy emphasizes consideration of the cause, severity, and location of the incident, 
the conflict history of the bear (if any), health, age, sex, and reproductive status of the bear, and the 
demographic standards regarding mortality limits.  While removal of nuisance bears is sometimes 
necessary to protect the public, the ultimate source of the conflict that leads to nuisance bear behavior 
is usually manageable.  The management agencies emphasize removal of the human cause of the 
conflict when possible and spend considerable time and money on outreach actions and materials 
teaching the public how to prevent conflicts before they occur.  

The majority of management removals result from conflicts at sites associated with frequent or 
permanent human presence.  Unsecured attractants such as garbage, human foods, pet/livestock foods, 
bird food, livestock carcasses, wildlife carcasses, barbeque grills, compost piles, orchard fruits, or 
vegetable gardens are usually the source of these conflicts and subsequent removals.  Of the 89 
management removals in the NCDE between 1998 and 2011, at least 57% (51 of 89) were related to 
attractants and may have been avoided if preventative measures had been taken.  These conflicts 
involved food conditioned bears actively seeking out unsecured attractants or bears that were 
habituated to human presence seeking natural sources of food in areas near human structures or roads.  
While these mortalities are clearly related to human attractants, they are also related to attitudes and 
personal levels of knowledge about and tolerance toward grizzly bears.  State, Tribal, and Federal 
agencies will continue to work with organizations such as the Swan Ecosystem Center and Blackfoot 
Challenge to prevent grizzly bear/human conflicts by educating the public and local governments about 
potential grizzly bear attractants, bear behavior, and bear ecology.  The remaining management 
removals in the NCDE between 1998 and 2011 were related to bears depredating on livestock (23%; 
21/89) or displaying unacceptable aggressive behavior (19%; 17/89). 
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Table 1.  Grizzly bear mortalities and causes in the NCDE, 1998‐2011.  This table includes all known, 
probable, and possible mortalities for all age classes, including 99 dependent young (< 2 years old). 

cause (all sources)  # mortalities avg. / year % total

natural  24  1.7  7% 
unknown/undetermined  23  1.6  7% 

human‐caused  290  20.7  86% 
total mortalities  337  24.1    

           
human‐caused mortalities  # mortalities % human‐caused 

augmentation*  6  0.4  2% 
automobile collision  28  2.0  10% 

capture related  15  1.1  5% 
defense of life  43  3.1  15% 

illegal   60  4.3  21% 
management removal  89  6.4  31% 
mistaken identification  18  1.3  6% 

train  31  2.2  11% 
*  When bears are relocated from the NCDE to augment the Cabinet Yaak Ecosystem population, they are 
counted as mortalities in the NCDE. 

Illegal killing of grizzly bears is a significant source of mortality in the NCDE (Table 1).  People may kill 
grizzly bears for several reasons, including a general perception that grizzly bears in the area are 
dangerous, frustration over depredations of livestock, or to protest land use and road use restrictions 
associated with grizzly bear habitat management (Servheen et al. 2004).  While we recognize illegal 
killings will never be eliminated entirely, reducing this source of human‐caused mortality is worth 
pursuing.  Ways to minimize illegal killings include a regulatory framework making them illegal and 
prosecutable under State law or Tribal law (i.e., designation as a game species), managing conflicts 
quickly and efficiently to increase assurance that conflicts will be properly addressed, and by using 
outreach and education to influence human attitudes and knowledge about grizzly bears and Federal 
regulation of public lands (Servheen et al. 2004).  Additionally, we believe the flexible management 
provided in this Conservation Strategy and associated documents, including the use of regulated 
hunting, will help alleviate some of these illegal, malicious killings.   

Humans kill grizzly bears unintentionally with vehicles or by mistaking them for black bears when 
hunting.  From 1998 to 2011, 31% (92/290) of all human‐caused grizzly bear mortalities in the NCDE 
were accidental or unintentional.  This includes 28 mortalities due to collisions with vehicles, 31 from 
collisions with trains, 18 associated with mistaken identification, and 15 related to capturing and 
handling.  Measures to reduce vehicle and train collisions with grizzly bears include removing wildlife 
carcasses from the road or tracks so that grizzly bears are not attracted to these areas (Servheen et al. 
2004), keeping the tracks clean of spilled grain, constructing wildlife crossing structures over or under 
highways, and reducing human‐caused mortality in nearby residential areas by providing bear resistant 
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garbage containers where needed.   All of these measures are already being implemented to varying 
degrees in different parts of the ecosystem.   

Grizzly bear mortalities related to hunting accounted for 17 percent (50/290) of human‐caused 
mortalities in the NCDE between 1998 and 2011.  While many of these were related to people 
incorrectly identifying their targets during black bear or big game hunting seasons (18/290), the majority 
involved people shooting a grizzly bear in self‐defense (28/290) while hunting other species (e.g., elk, 
pheasants, etc.).  Mistaken identification is a preventable type of grizzly bear mortality.  Many outreach 
programs are targeted at hunters to emphasize patience, awareness, and correct identification of 
targets so that grizzly bear mortalities from inexperienced black bear and ungulate hunters are reduced.  
The State of Montana requires all black bear hunters to pass a Bear Identification Test before receiving a 
black bear hunting license (see http://fwp.state.mt.us/bearid/).  While it is more difficult to prevent 
grizzly bears being killed in self‐defense during encounters with hunters, targeted outreach efforts may 
reduce this type of human‐caused mortality.  Montana includes grizzly bear encounter management as a 
core subject in basic hunter education courses (Dood et al. 2006) and in all big game hunting 
regulations, and encourages hunters to carry and know how to use bear spray. 

To minimize grizzly bear mortality risk and increase human safety associated with bear capture and 
handling, managers and researchers adhere to the protocols first described by Jonkel (1993) when 
trapping grizzly bears.  The latest veterinary medical research and anesthetic therapies are incorporated 
into these protocols annually and taught to trappers and field technicians at annual workshops with 
wildlife veterinarians.  These protocols are designed to minimize restraint time, minimize capture‐
related stress, monitor the health of captured animals, administer appropriate levels of anesthesia, and 
minimize the duration of anesthesia through the use of appropriate antagonists.  Additionally, new 
technologies that focus capture efforts (e.g. cameras), reduce non‐target captures, and alert personnel 
when an animal has been captured (e.g. automatic text alerts) are incorporated as they become 
available.   

Food Storage Orders 

One of the most effective ways to prevent grizzly bear/human conflicts and increase grizzly bear survival 
on public lands is to require users and recreationists in grizzly habitat to store their food, garbage, and 
other bear attractants so that they are inaccessible to bears.  Securing potential attractants can prevent 
bears from becoming food conditioned and displaying subsequent unacceptable aggressive behavior.  
Storing attractants in a manner that prevents bears from accessing them is effective in limiting grizzly 
bear mortality, grizzly bear/human encounters, and grizzly bear/human conflicts.  Legally enforceable 
attractant storage requirements on public lands have been implemented or will be implemented on 87% 
of lands within the PCA.  Attractant storage requirements for contractors or permitted activities occur 
on 91% of lands inside the PCA.  These provisions will continue under this Conservation Strategy. 
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Grizzly Bear Habitat Management  

Overview 

Grizzly bears use a variety of habitats in the NCDE.  In general, a grizzly bear’s daily movements are 
largely driven by the search for food, mates, cover, security, and/or den sites.  In the western portion of 
the ecosystem, Waller and Mace (1997) and Mace et al. (1997) demonstrated that avalanche chutes are 
important to bears during spring, summer, and autumn.  Other open‐canopied habitats such as shrub 
lands and places where timber has been harvested are also frequented by bears throughout the year.  
Mid‐ to high‐elevation slabrock and meadow habitats possess many foods dug by bears.  Grizzly bears 
use closed canopy forests less than expected during all seasons.   Along the Rocky Mountain Front on 
the east side of the PCA, grizzly bears selected riparian zones during all seasons, up to 20 miles from the 
mountain front (Aune and Kasworm 1989), and occasionally over 50 miles (Mace and Roberts 2011).  
Shrub lands were important during autumn to bears in this area.  As in other locales (e.g. McLellan and 
Shackleton  1988; 1989), grizzly bear habitat selection in the NCDE was negatively influenced by 
vehicular traffic (Mace et al. 1996; Waller and Servheen 2005) and at times non‐motorized foot traffic 
(Mace and Waller 1996), both of which displaced grizzly bears. 

Grizzly bears are long‐lived opportunistic omnivores whose food and space requirements vary 
depending on a multitude of environmental and behavioral factors and on variation in the experience 
and knowledge of each individual bear.  Grizzly bear home ranges overlap and change seasonally, 
annually, and with reproductive status.  While these factors make the development of threshold habitat 
criteria difficult, habitat criteria may be established by assessing what habitat factors in the past were 
compatible with a stable to increasing grizzly population in the NCDE, and then using these habitat 
conditions as threshold values to be maintained to ensure a healthy population.  
 
The available habitat for bears is determined largely by people and their activities.  Human activities are 
the primary factor impacting habitat security.  Human activities and the social structure and 
relationships among resident bears are the two major influences on the accessibility of available foods 
for bears.  The question of how many grizzlies can live in any specific area is a function of overall habitat 
productivity (e.g., food distribution and abundance), the availability of habitat components (e.g., 
denning areas, cover types), the levels and types of human activities, grizzly bear social dynamics, 
learned behavior of individual grizzly bears, and stochasticity.  Because carrying capacity in such an 
omnivorous and opportunistic species can vary annually and even day to day, there is no known way to 
calculate carrying capacity for grizzly bear populations.  Therefore, controlling human‐caused mortality, 
monitoring both population and habitat parameters, and responding when necessary with adaptive 
management (Walters and Holling 1990) are the best ways to ensure a healthy grizzly population.  The 
USFWS defined adaptive management as “a method for examining alternative strategies for meeting 
measurable biological goals and objectives, and then, if necessary, adjusting future conservation 
management actions according to what is learned.”  This Conservation Strategy allows for modification 
of management practices in response to new or changing conditions. 
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Primary Conservation Area (PCA) 

The PCA (known as the Grizzly Bear Recovery Zone while grizzlies are listed as threatened under the ESA) 
provides the habitat conditions necessary to accommodate a stable to increasing grizzly bear population 
in the NCDE.  Between 2004 and 2011, the NCDE grizzly population was increasing at a rate of 3% per 
year (Mace et al. 2012; Mace 2012, personal communication).  Due to this measured increasing 
population trend and the fact that motorized route density decreased between 2004 and 2011, 2011 
was chosen as the baseline year for measuring levels of human activities.   Decreases in motorized route 
density made between 2004 and 2011 were not reversed.  While this approach contains some level of 
uncertainty related to how long changes in habitat translate into detectable changes in population 
parameters (i.e., lag time), it is the best option since we cannot calculate carrying capacity for such an 
omnivorous and opportunistic species.  Furthermore, we are monitoring changes in multiple 
demographic rates other than population size, as recommended by Doak (1995).  The PCA will continue 
to be managed and monitored carefully to maintain habitat conditions at 2011 levels through the 
management of motorized use, developed sites, and livestock allotments on most public lands.  The 
2011 habitat baseline values for secure habitat and motorized access route density are shown in 
Appendix 3; developed sites are in Appendix 4; and livestock allotments are shown in Table 7.      

Management Zone 1 
 
Outside of the PCA on the western side of Zone 1, two Demographic Connectivity Areas (DCAs) have 
been identified to provide opportunities for female grizzly bears to establish home ranges and exist at 
low densities:  the Salish DCA and the Ninemile DCA (Figure 1).  Males may also use these areas as part 
of their home ranges but are tangential to the main objective of these DCA’s:  to support female 
dispersal to other ecosystems within the lower 48 States that retain their threatened status (i.e., the 
Cabinet‐Yaak and Bitterroot ecosystems).   Unlike males who have large home range sizes, sometimes 
travel long distances, and establish home ranges nearly three times further away from their mother’s 
home ranges than female offspring; female emigration to other ecosystems is a multi‐generational 
process during which female offspring establish overlapping home ranges with their mothers.  Females 
must be able to live year‐round in an area to successfully reproduce and allow offspring to disperse into 
adjacent, unoccupied habitat.  As such, habitat protections are more restrictive in the DCA’s than in 
Zone 2 but still less rigorous than inside the PCA.   
 

Management Zone 2 

Grizzly bear occupancy within Zone 2 is not necessary to maintain the recovered status of the NCDE but 
it would be beneficial to other ecosystems if bears were able to occupy Zone 2 in low densities and 
successfully emigrate to these other ecosystems where grizzly bears remain “threatened.”  Because 
both male and female grizzly bears are already known to occur on occasion in Zone 2 without any 
protections specifically in place for grizzly bears, maintaining a healthy population in the PCA and Zone 1 
while reducing the potential for conflicts in Zone 2 will be an effective way to ensure this continues in 
the foreseeable future.  Because the objective in Zone 2 is not necessarily continual occupancy but 
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instead, to have a few males (or females) move through this area into other ecosystems, less rigorous 
habitat protections are appropriate.   

Management Zone 3 

Due to the use of highways as easily described boundaries, some areas of habitat were included in this 
Conservation Strategy that will likely never support self‐sustaining populations of grizzly bears in the 
foreseeable future.  Specifically, much of the short‐grass prairie on the east side of the Rocky Mountains 
within Zone 3 has been converted to agricultural land (Woods et al. 1999).  Although lands east of 
Highway 89 were historically occupied, high densities of traditional food sources are no longer available 
due to land conversion and human occupancy of urban and rural lands.  Traditional food sources such as 
bison and elk have been dramatically reduced and replaced with domestic livestock attractants such as 
cattle, sheep, chickens, goats, pigs, and bee hives, which can become anthropogenic sources of prey for 
grizzly bears.  While food sources such as grasses and berries are abundant in some years in the riparian 
zones within which the bears travel, these are not reliable every year and can only support a small 
number of bears.  These nutritional constraints and the potential for human‐bear conflicts limit the 
potential for a self‐sustaining population of grizzly bears to develop in the prairies, although we expect 
some grizzly bears to live in these areas.  Grizzly bears in Zone 3 are not biologically necessary to the 
NCDE population.  As such, habitat protections on Federal lands in Zone 3 are not necessary to maintain 
a recovered grizzly bear population in the NCDE.  Grizzly bears in Zone 3 will likely always rely on the 
core population within the PCA of the NCDE to serve as a source for more bears, similar to the source‐
sink dynamic observed in Alberta between the mountain and prairie habitats along the Rocky Mountain 
Front (Proctor et al. 2012).   

Secure Habitat  

The negative impacts of humans on grizzly bear survival and habitat use are well documented (Harding 
and Nagy 1980; McLellan and Shackleton 1988; Aune and Kasworm 1989; McLellan 1989; McLellan and 
Shackleton 1989; Mattson 1990; Mattson and Knight 1991; Mattson et al. 1992; Mace et al. 1996; 
McLellan et al. 1999; White et al. 1999; Woodroffe 2000; Boyce et al. 2001; Johnson et al. 2004).  These 
effects range from temporary displacement to actual mortality. History has demonstrated that grizzly 
bear populations survived where the frequency of contact with humans was very low (Mattson and 
Merrill 2002).  Populations of grizzly bears persisted in those areas because the large expanses of 
relatively secure habitat without permanent human presence resulted in lower human‐caused mortality.  
These areas are primarily associated with national parks, wilderness areas, and large blocks of public 
lands (Interagency Grizzly Bear Committee 1998).  Maintaining habitat security is a major goal of this 
Conservation Strategy.  

Motorized Access 

The management of human use levels through motorized access route management is one of the most 
powerful tools available to balance the needs of grizzly bears with the needs and activities of humans. 
Open motorized route density is a predictor of grizzly bear survival on the landscape (Schwartz et al. 
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2010) and is useful in evaluating habitat potential for and mortality risk to grizzly bears (Mace et al. 
1996).   

Managing motorized access to maintain large blocks of secure habitat is important to the survival and 
reproductive success of grizzly bears, especially adult female grizzly bears (Mattson et al. 1987; 
Interagency Grizzly Bear Committee 1994; Schwartz et al. 2010).  Managing motorized access 
(1) minimizes human interaction and reduces potential grizzly bear mortality; (2) minimizes 
displacement from important habitat; (3) minimizes habituation to humans; and (4) provides habitat 
where energetic requirements can be met with limited disturbance from humans (Mattson et al. 1987; 
McLellan and Shackleton 1988; McLellan 1989; Mace et al. 1996; Mattson et al. 1996).   

Information and research specific to the NCDE indicated that 83% of documented locations of radio‐
collared females were in habitat that did not have motorized access (USFWS 1997).  These areas were 
usually at least 2,200 acres in size.  Additionally, approximately 62–64% of the composite home range of 
female grizzly bears studied in the South Fork of the Flathead River drainage was in habitat without 
motorized access (Mace and Waller 1997b).  These values led National Forests west of the Continental 
Divide in the NCDE to manage most Bear Management Units (BMUs) so that at least 68% of each BMU 
was secure “core” habitat.  In BMUs where the National Forests administered less than 75% of the lands 
and in National Forests east of the Continental Divide, BMUs were managed so that there was no net 
loss of secure “core” habitat.  Core areas were defined at the time to include those areas more than 500 
m (0.3 miles) from open or gated wheeled motorized access routes and high‐use non‐motorized trails, 
and at least 2,500 acres in size. 

High Intensity Use Non‐Motorized Trails 

In 1994 and 1998, the IGBC task force charged with creating standard definitions and procedures for 
managing motorized access in grizzly bear recovery zones recommended that the impacts of “high 
intensity use” non‐motorized trails be considered in calculations of “core” habitat (IGBC 1998, p. 4) but 
emphasized that “Motorized access is also one of the more influential parameters affecting habitat 
security” (IGBC 1998, p. 5).  Because there were no data or literature available to determine what the 
threshold number of parties was that defined a “high intensity use” trail or how this number may relate 
to grizzly bear population parameters, the threshold value was determined by a panel of experts.  In the 
NCDE, “high intensity use” non‐motorized trails were defined as those receiving > 20 parties per week 
for at least one month during the non‐denning season.  Since 1995, National Forests in the NCDE have 
considered non‐motorized trails meeting this definition of high intensity use as the equivalent of an 
open road.  In other words, these high use non‐motorized trails were buffered by 500 m (0.3 miles) and 
this area was not counted as core habitat.   
 
The original recommendation to exclude areas within 500 m of high use non‐motorized trails (e.g., foot 
or horse trails) from core area calculations was based on several untested assumptions regarding the 
potential impacts of such trails on grizzly bears.  The approach is not clearly supported by the existing 
scientific literature.  Multiple studies document displacement of individual grizzly bears from non‐
motorized trails to varying degrees (Schallenberger and Jonkel 1980; Jope 1985; McLellan and 
Shackleton 1989; Kasworm and Manley 1990; Mace and Waller 1996; White et al. 1999).  However, 
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none of these studies documented increased mortality risk from foot or horse trails or population level 
impacts to grizzly bears from displacement.  For example, while Mace and Waller (1996) found that 
grizzly bears were further than expected (i.e., displaced) from high‐use trails (90 visitors/day) in the 
Swan Mountains, they reported there were no historic or recent records of grizzly bear/human conflict 
in their study area.  Similarly, while grizzlies in GNP are displaced to some degree by non‐motorized 
trails (Jope 1985; White et al. 1999), conflicts and grizzly bear mortalities there are extremely low and 
related almost exclusively to campgrounds and other human‐use areas.  Furthermore, the 
recommendation that core blocks be a minimum of 2,500 acres in size was based on research regarding 
road density (see “Motorized Access” section immediately above) and did not address high intensity use 
non‐motorized trails in the analyses.  While we recognize that displacement merits concern because it 
can affect individual grizzlies through habitat loss and disrupted foraging or social behaviors, there are 
no data demonstrating that these impacts translate into detectable impacts to population‐level 
variables such as grizzly bear survival or reproduction.  Until such effects are documented, our primary 
concern with high‐use trails is whether or not they are strongly associated with grizzly bear mortality, as 
motorized routes are.  At this point, there are no data or research indicating non‐motorized trail use 
results in disproportionate grizzly bear mortality or population declines.   
 
In addition to the lack of data documenting a relationship between heavily used non‐motorized trails 
and grizzly bear mortality, the difficulty of accurately measuring human use on non‐motorized trails also 
undermines the usefulness of this habitat parameter when assessing habitat security for grizzly bears.   
Measuring human use on non‐motorized trails is difficult for a number of reasons, including: (1) the high 
number of trails on the more than 5,000,000 acres (20,234 sq km) of public lands inside the PCA; (2) 
limited funding and personnel for monitoring trails; and (3) the need to address higher management 
priorities for grizzly bears, it is not feasible to directly measure human use on all non‐motorized trails 
throughout the NCDE.   Therefore, high intensity use trails are identified by on‐the‐ground land 
managers based on their expert opinion and professional familiarity.  Because the amount of use on 
non‐motorized trails is determined by the expert opinion of local USFS, GNP, or Tribal personnel, these 
decisions are affected by variations in annual use, changes in personnel, familiarity with an area, and 
personal judgment.  The difficulty in obtaining actual data on use levels has led to the inconsistent 
assignment of use levels on the same trail in the past and highlights the subjectivity of this method.   
 
Due to the lack of literature supporting the threshold value of 20 parties per week to define “high 
intensity use” in the NCDE, the subjectivity of quantifying use levels, and the lack of literature 
documenting population‐level impacts from these heavily used non‐motorized trails, we revised the 
definition of “core area” in this Conservation Strategy to remove consideration of high intensity use non‐
motorized trails.  In other words, this Conservation Strategy considers the area surrounding non‐
motorized trails as “core” habitat.  This Conservation Strategy uses the term “Secure Core” to represent 
this revised definition.  Differences in the levels of Secure Core versus Core habitat in each BMU subunit 
are shown in Appendix 6.   

● Secure Core:  areas more than 500 m (0.3 miles) from an open or gated wheeled motorized 
access route, at least 2,500 acres in size, and in place for 10 years 
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This approach and revised definition are consistent with the decision reached by managers in the 
Greater Yellowstone ecosystem to treat high intensity use non‐motorized trails as secure habitat:  
“Research addressing grizzly interactions with high use, non‐motorized trails is very limited and has not 
identified impacts to grizzly bears, particularly when other management practices are employed to 
reduce conflicts i.e. food storage orders.  …Further research is needed to address the potential impact of 
high use non‐motorized trails…As such research information becomes available, an adaptive 
management approach will be used as necessary to incorporate any new information.” (USFWS 2007).  
The increasing grizzly bear populations in both the GYA and NCDE during a time when recreational use 
of trails was also increasing lend further support to the decision to no longer count high intensity use 
non‐motorized trails as the equivalent of an open road.   

While growing human populations ensure that human use of non‐motorized trails in the NCDE will 
continue to increase, the effects of these future increases will be adequately mitigated through 
motorized access and developed site standards, conflict prevention outreach and education, food 
storage orders, and continued presence of law enforcement and field staff as described in this Strategy.  
If research demonstrates that high intensity use non‐motorized trails do significantly impact grizzly bear 
populations or that there are areas of significantly higher mortality risk near high intensity use non‐
motorized trails (as opposed to other trails or roads), this new information will be appropriately 
considered and incorporated through an adaptive management approach.  Revisions to this 
Conservation Strategy will be made if necessary to conserve the NCDE grizzly bear population. 

Snowmobiling 

 
Snowmobiling has the potential to disturb bears while in their dens and after emergence from their dens 
in the spring.  Because grizzly bears are easily awakened in the den (Schwartz et al. 2003b) and have 
been documented abandoning den sites after seismic disturbance (Reynolds et al. 1986), the potential 
impact from snowmobiling should be considered.  We found no studies in the literature specifically 
addressing the effects of snowmobile use on any denning bear species and the information that is 
available is anecdotal in nature (USFWS 2002; Hegg et al. 2010).   
 
Disturbance in the den could result in energetic costs (increased activity and heart rate inside the den) 
and possibly den abandonment which, in theory, could ultimately lead to a decline in physical condition 
of the individual or even cub mortality (Graves and Reams 2001).  Although the potential for this type of 
disturbance while in the den certainly exists, Reynolds et al. (1986) found that grizzly bears denning 
within 1.4‐1.6 km (0.9‐1.0 mi) of active seismic exploration and detonations moved around inside their 
dens but did not leave them.  Harding and Nagy (1980) documented two instances of den abandonment 
during fossil fuel extraction operations.  One bear abandoned its den when a seismic vehicle drove 
directly over the den (Harding and Nagy 1980).  The other bear abandoned its den when a gravel mining 
operation literally destroyed the den (Harding and Nagy 1980).  Reynolds et al. (1986) also examined the 
effects of tracked vehicles and tractors pulling sledges.  In 1978, there was a route for tractors and 
tracked vehicles within 100 meters (m) (328 feet (ft)) of a den inhabited by a male.  This male was not 
disturbed by the activity nor did he abandon his den at any point.  Reynolds et al. (1986) documented 
only one instance of possible den abandonment due to seismic testing (i.e., detonations) within 200 m of 
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a den (Reynolds et al. 1986).  This bear was not marked but an empty den was reported by seismic 
crews.   
 
Swenson et al. (1997) monitored 13 different grizzly bears for at least five years each and documented 
18 instances of den abandonment, 12 of which were related to human activities.  Although many of 
these instances (n=4) were hunting related (i.e., gunshots fired within 100 m (328 ft) of the den), two 
occurred after “forestry activity at the den site,” one had moose and dog tracks within 10 m of a den, 
one had dog tracks at the den site, one had ski tracks within 80‐90 m from a den, one had an excavation 
machine working within 75 m of a den, and two were categorized as “human related” without further 
details (Swenson et al. 1997).  Swenson et al. (1997) found that 72% (13 of 18) of dens were abandoned 
between November and early January, before pregnant females give birth.  After abandoning a den, 
bears moved an average of 5.1 km (3.2 mi) before establishing another den site, although 56% of bears 
moved <2 km (1.2 mi) (Swenson et al. 1997).  Despite these relatively short distances, Swenson et al. 
(1997) found that 60% (n=5) of female bears that abandoned a den site before giving birth (i.e., in 
November or December) lost at least one cub in or near their new den site whereas only 6% (n=36) of 
pregnant females that did not abandon their dens during the season lost a cub in or near their den.  In 
summary, the available data about the potential for disturbance while denning and den abandonment 
from nearby snowmobile use is extrapolated from studies examining the impacts of other human 
activities and is identified as “anecdotal” in nature (Swenson et al. 1997) with sample sizes so small they 
cannot be legitimately applied to assess population‐level impacts (Harding and Nagy 1980, Reynolds et 
al. 1986; Hegg et al. 2010).  The one documented observation of snowmobile use at a known den site in 
the lower 48 States found the bear did not abandon its den, even though snowmobiles were operating 
directly on top of it (Hegg et al. 2010).  Again though, this is only an anecdotal observation because it is 
based on a sample size of one.  There are no reports of litter abandonment by grizzlies in the lower 48 
States due to snowmobiling activity (Hegg et al. 2010; Servheen 2010).  Additionally, monitoring of den 
occupancy for three years on the Gallatin National Forest in Montana (2006) did not document any den 
abandonment (Gallatin National Forest 2006). 
 
Our best information suggests that current levels of snowmobile use are not appreciably reducing the 
survival or recovery of grizzly bears.  Yet, because the potential for disturbance exists, monitoring will 
continue to support adaptive management decisions about snowmobile use in areas where disturbance 
is documented or likely to occur.  
 

Developed Sites on Public Lands 

Developed sites refer to sites or facilities on public Federal lands with features that are intended to 
accommodate public use and recreation.  Examples include, but are not limited to:  campgrounds, 
trailheads, lodges, rental cabins and lookouts, summer homes, restaurants, visitor centers, and ski areas.  
Developed sites are generally associated with frequent, overnight or prolonged human use that may 
increase both the levels of bear attractants and grizzly bear mortality risk.   

Developed sites can impact bears through temporary or permanent habitat loss and displacement but 
the primary concern regarding developed sites is direct bear mortality or removal from the ecosystem 
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due to bear/human conflicts caused by unsecured bear attractants, habituation, and food conditioning 
(Mattson et al. 1987; Knight et al. 1988; Gunther et al. 2004; Servheen et al. 2004).  Habituation occurs 
when grizzly bears encounter humans or developed sites frequently, and without negative 
consequences, so that the bears no longer avoid humans and areas of human activity (USFWS 1993).  
Habituation does not necessarily involve human‐related food sources.  Food conditioning occurs when 
grizzly bears receive human‐related sources of food and thereafter seek out humans and human use 
areas as feeding sites (USFWS 1993).  As discussed above, the majority of grizzly bears removed by 
management agencies were involved in conflicts at developed sites with unsecured attractants such as 
garbage, bird feeders, pet/livestock feed, and human foods.  Although the majority of these mortalities 
occurred on private lands, this Conservation Strategy has no authority to regulate developed sites on 
private lands and applies only to public lands.  

Livestock Allotments 

Livestock operations can benefit the long‐term conservation of grizzly bears through the maintenance of 
large blocks of open rangeland and habitats that support a variety of wildlife species (Dood et al. 2006). 
However, when grizzlies were listed in 1975, the USFWS identified “…livestock use of surrounding 
national forests” as detrimental to grizzly bears “…unless management measures favoring the species 
are enacted.” (40 CFR 31734, p. 31734).  Impacts to grizzly bears from livestock operations potentially 
include:  

− direct mortality from control actions resulting from livestock depredation; 
− direct mortality due to control actions resulting from grizzly bear habituation and/or learned 

use of  bear attractants such as livestock carcasses and feed; 
− increasing the chance of a grizzly bear livestock conflict; 
− displacement due to livestock or related management activity; 
− direct competition for preferred forage species. 

 
Approximately 7% (21/290) of all human‐caused grizzly bear mortalities in the NCDE between 1998 and 
2011 were due to management removal actions associated with livestock depredations.  This human‐
caused mortality is the main impact to grizzly bears in the NCDE associated with livestock.  Most 
livestock‐related grizzly bear mortalities occur on private lands or on the Blackfeet Indian Reservation 
(BIR) along the Rocky Mountain Front, east of the Continental Divide.  The PCA in this area extends up to 
18.5 miles east of Federal management boundaries and includes large areas of private ranchlands and 
Tribal grazing allotments.  Indirect impacts on grizzly bears due to attractants can be effectively 
minimized with requirements to securely store and/or promptly remove attractants associated with 
livestock operations (e.g., livestock carcasses, livestock feed, etc.).  Current levels of grazing intensity in 
forested environments are not displacing grizzly bears in significant ways and are not likely to affect 
vegetation structure enough to result in direct competition for forage species on public lands within the 
NCDE, as evidenced by the increasing population trend in the NCDE.   
 
In the NCDE, most livestock depredations by grizzly bears occur on sheep or young cattle.  While grizzly 
bears frequently coexist with large livestock such as adult cattle without preying on them, when grizzly 
bears encounter smaller animals such as calves, domestic sheep, goats, or chickens, they will often 
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attack and kill them (Jonkel 1980; Knight and Judd 1983; Orme and Williams 1986; Anderson et al. 
2002).  Honeybees, classified as livestock in Montana (MCA 15‐24‐921), can also be attractants to some 
grizzly bears.  If repeated depredations occur, managers may relocate bears or remove them from the 
population.  As such, areas with domestic livestock have the potential to become population sinks 
(Knight et al. 1988).  Because of the increased risk to grizzly bears posed by actions taken to protect 
sheep and other small livestock, the IGBC Guidelines emphasized the reduction of these types of 
allotments.  In contrast, there are a number of permitted grazing operations for horses and mules in the 
NCDE, primarily on National Forest land and generally associated with outfitter and guide operations or 
Forest Service administrative use.  There is no evidence of conflict with bears due to attractants, 
depredation, or forage competition related to these horse and mule permits.  
 
A number of regulations and practices related to livestock allotments while grizzly bears are listed as 
threatened under the ESA promoted grizzly bear recovery through minimization of bear‐livestock and 
related bear‐human conflicts. These include but are not limited to: 

• Forest Plan standards that require prioritization of wildlife concerns over other resource uses in 
grizzly bear habitat 

• Clauses in grazing permits providing for the cancellation, suspension, or temporary cessation of 
activities if needed to resolve a grizzly conflict situation  

• Reduction of the number of open and active sheep grazing allotments when opportunities with 
willing permittees arise 

• Reduction in  the potential for grizzly‐human conflicts due to livestock food, carcasses, and poor 
or inadequate livestock management practices through implementation and enforcement of 
Attractant Storage rules, which require bear‐resistant storage of all livestock food and reporting 
of all livestock carcasses within 24 hours of discovery.  

• Use of the IGBC Guidelines  to reduce livestock impacts to important grizzly bear habitats  
• Use of the IGBC Guidelines for management of grizzly bear‐livestock conflict situations 
• Stratification of National Forest (NF) lands into Management Situations with specific 

recommendations for livestock conflict management 

Most of these measures would carry forward either directly or indirectly under delisted status through 
this Conservation Strategy and associated management plans.  Furthermore, it will be illegal for a 
member of the public to kill a grizzly bear to protect livestock unless it is “in the act” of attacking or 
killing livestock, as evidenced by an injured or dead animal.    

Vegetation Management and Cover 

Vegetation management occurs throughout the NCDE on lands managed by the US Forest Service, GNP, 
Montana DNRC, BLM, the Flathead Indian Reservation (FIR), the BIR, MFWP, and both corporate and 
small private lands.  Vegetation management projects typically include timber harvest, thinning, 
prescribed fire, and salvage of burned, diseased, or insect‐infested stands.  Nearly 68% of the PCA is 
unavailable for general, commercial timber harvest through Federal or Tribal designations.    
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The relative importance of cover to grizzly bears was documented by Blanchard (1978) in a four‐year 
study in the Greater Yellowstone ecosystem.  Blanchard found grizzly bears needed an interspersion of 
open areas to be used as feeding sites and nearby areas with cover.  Similarly, grizzlies in the NCDE 
thrive in landscapes with numerous different habitat types, including those with cover and those 
without (Aune and Kasworm 1989; Mace et al. 1997; Waller and Mace 1997), but generally prefer to 
forage in areas with some type of hiding cover nearby, particularly in daylight hours.   If not 
implemented properly, vegetation management programs can negatively affect grizzly bears by (1) 
removing cover; (2) disturbing or displacing bears from habitat during the logging period; and (3) 
increasing human/grizzly bear conflicts or mortalities as a result of unsecured attractants; (4) increasing 
mortality risk or displacement due to new roads into previously roadless areas and/or increased 
vehicular use on existing restricted roads, especially if roads are open to the public after vegetation 
management is complete. 

Conversely, vegetation management may result in positive effects on grizzly bear habitat once the 
project is complete, provided key habitats such as riparian areas and known food production areas are 
maintained or enhanced.  For instance, tree removal for thinning or timber harvest and prescribed 
burning can result in localized increases in bear foods through increased growth of grasses, forbs and 
berry‐producing shrubs (Zager et al. 1983; Kerns et al. 2004).  Vegetation management may also benefit 
grizzly bear habitat by controlling undesirable invasive species, improving riparian management, and 
limiting livestock grazing in important food production areas.   

Changes in the distribution, quantity, and quality of cover are not necessarily detrimental to grizzly 
bears as long as they are coordinated on a grizzly BMU or subunit scale to ensure that grizzly bear needs 
are addressed throughout the various projects occurring on multiple jurisdictions at any given time.  
Although there are known, usually temporary impacts to individual bears from timber management 
activities, these impacts have been managed acceptably using the IGBC Guidelines in place since 1986 
(USFS 1986).  Under these Guidelines, the grizzly bear population increased and recovered by following 
these two guiding principles:  (1) maintain and improve habitat and (2) minimize the potential for grizzly 
bear/human conflict. 

Mineral and Energy Development  

Mineral and energy development have the potential to directly and indirectly affect grizzly bears and/or 
their habitat.  For the purposes of this Conservation Strategy, mineral development refers to surface and 
underground hardrock mining and coal production whereas energy development refers to the 
production of oil and natural gas.  As with vegetation management, the primary concerns are related to 
increased grizzly bear mortality risk from associated motorized use, habituation, and/or increased grizzly 
bear/human encounters and conflicts.  Other impacts may include permanent habitat loss, habitat 
fragmentation, and displacement due to surface disturbance.     

Mortality risk will be largely mitigated through motorized access standards, food storage requirements, 
and other habitat standards described in Chapter 3.  Additionally, being designated a “sensitive species” 
on BLM, USFS, and DNRC lands ensures a higher level of scrutiny for future projects  within the NCDE so 
that “viable populations” can be maintained  “throughout their geographic ranges” (Forest Service 
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Manual 2672.32).  To accomplish this objective, any project proposed on Forest Service, BLM, or DNRC 
lands would require a biological evaluation to analyze the effects on the population or habitat within the 
area of concern and the activity “must not result in loss of species viability or create significant trends 
toward Federal listing.”  (Forest Service Manual 2670‐32).    

While land management plans identify large areas considered “suitable” for oil and gas production, site‐
specific environmental analyses and mitigation measures occur at the project level.  This environmental 
analysis involves two separate NEPA (or MEPA on State lands) processes.  A NEPA process (or MEPA) is 
initiated when the decision is made to offer certain lands for leasing.   Stipulations that would be 
required in order for leases to meet requirements of land and resource management plans, or to meet 
other policy or regulation, are identified when the decision is made to offer lands for lease.  These 
stipulations remain with the lease even if it is sold, and would be placed on any leases issued for that 
area in the future.   A second, site‐specific NEPA analysis is completed if, and when, a lease holder 
submits an application for a permit to drill.  At this point, site‐specific mitigation measures are 
incorporated to address any environmental concerns associated with the surface use plan of operations. 
These mitigation measures may be incorporated as additional lease stipulations or as conditions of 
approval for the surface use plan.  Until this application for a permit to drill is submitted, no exploration 
or development can occur.     

In 1997, the Lewis and Clark National Forest decided to make the entire Rocky Mountain Ranger District 
unavailable for future leasing.  In 2006, lands outside of Designated Wilderness Areas on the Rocky 
Mountain Ranger District, some areas of the Flathead National Forest, and BLM lands along the Rocky 
Mountain Front were withdrawn permanently from any future mineral, oil, natural gas, or geothermal 
leasing and all forms of location, entry and patent under mining laws, by Public Law 109‐432, the Tax 
Relief and Health Care Act of 2006 (Figure 3).  It was not necessary to withdraw lands inside Designated 
Wilderness Areas from future leasing because new leases are already prohibited by the Wilderness Act 
in these areas.    
 
While Public Law 109‐432 prohibited the establishment of new leases, it did not eliminate leases that 
existed at the time the law was passed.  Many leases on Federal lands that existed at the time Public 
Law 109‐432 was passed have been voluntarily retired.   As of 2012, there were 247 oil and gas leases in 
the PCA and another 140 in Management Zone 1.  Over 94% (365 of 387) of these leases are on USFS 
lands, with 88% (339 of 387) of them on the Flathead NF.  Of the 247 existing leases inside the PCA, 235 
are currently suspended, pending Forestwide leasing analyses (the first of two NEPA/MEPA processes 
described in the previous paragraph).  Similarly, 87% (122 of 140) of the oil and gas leases in Zone 1 are 
on USFS lands, with 98% (119 of 122) currently suspended.   Regional priorities for initiating the 
NEPA/MEPA process for these leases are based on available funding for analysis, public demand for 
action, and/or applications for permits to drill on existing leases.    
 
Of the 247 oil and gas leases inside the PCA, nine lease holders have submitted Applications for Permit 
to Drill (APDs) to the BLM, one of which is on private lands.  There have been 11 APDs submitted in Zone 
1, only 3 of which are on USFS lands.  The APDs include surface use plans of operation, which will require 
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evaluation and analysis in compliance with NEPA and this Conservation Strategy.  No action is currently 
being taken on these APDs pending decisions on funding and work priorities.   
 
Stipulations included in existing leases would not be changed without agreement by lease holders, nor 
can additional stipulations be added to existing leases.  Additional mitigations that may be needed to 
address environmental concerns, land and resource management plan requirements, or other policy or 
regulation would be included as conditions of approval of surface use plans of operation when permits 
to drill are issued. The majority of existing leases already contain stipulations that address maintaining 
grizzly bear security through such things as limits on timing or location of specific activities.  When or if 
APDs are submitted on existing leases, the access standards as described in this document for the PCA 
would apply unless specific language in a lease superseded that requirement.  
 
There have been several proposals before the Canadian government for large‐scale industrial coal and 
gas developments in the upper North Fork Flathead River basin in British Columbia directly north of and 
upstream from Glacier National Park and the Flathead National Forest.  If these proposals were fully 
implemented there could be significant impacts on grizzly bear connectivity between the NCDE and 
contiguous grizzly populations in Canada north of Canadian Highway 3.  On February 18, 2010, the B.C. 
Premier announced that mining, oil, gas, and coal development were no longer permissible land uses in 
the Canadian portion of the North Fork Flathead River (British Columbia Office of the Premier 2010).   
 
As with oil and gas, Public Law 109‐432 made lands outside of Designated Wilderness Areas on the 
Rocky Mountain Ranger District of the Lewis and Clark National Forest, some areas of the Flathead 
National Forest, and BLM lands along the Rocky Mountain Front unavailable to future location and entry 
under the General Mining Act of 1872.  While this law prohibited the establishment of new claims, it did 
not eliminate claims that existed at the time the law was passed.  However, there are no Plans of 
Operation or Notices of Intent to explore or operate any commercial mines inside the PCA on National 
Forest or BLM lands, with one exception:  the Cotter Mine on the Helena NF.  There is some copper and 
silver exploration occurring at this mine but activity is low and mitigation measures to protect grizzly 
bears were included in the Plan of Operation (Shanley 2009).  This Conservation Strategy ensures that 
appropriate mitigation measures will continue to be implemented in any future Plans of Operation 
inside the PCA. 
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Figure 3.  Rocky Mountain Front Mineral Withdrawal Area, where no new energy leases or mineral 

claims may be made on USFS or BLM managed lands.   
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Climate Change  

Climate change may result in a number of changes to grizzly bear habitat, including a reduction in 
snowpack levels, shifts in denning times, shifts in the abundance and distribution of some natural food 
sources, and changes in fire regimes.  Most grizzly bear biologists in the U.S. and Canada do not expect 
habitat changes predicted under climate change scenarios to directly threaten grizzly bears (Servheen 
and Cross 2010).  These changes may even make habitat more suitable and food sources more 
abundant.  However, these ecological changes may also affect the timing and frequency of grizzly 
bear/human interactions and conflicts (Servheen and Cross 2010).  In this Conservation Strategy, the 
denning season is considered to be December 1‐ April 1 west of the continental divide and December 1‐ 
April 15 east of the continental divide.  These dates will be adjusted if 10‐year average den emergence 
data for females or females with offspring shows a shift of at least a week.    

The hydrologic regime in the northern Rockies has changed with global climate change, and is projected 
to change further (Bartlein et al. 1997; Cayan et al. 2001; Leung et al. 2004; Stewart et al. 2004; 
Pederson et al. 2011).  The western U.S. will likely experience milder, wetter winters with warmer, drier 
summers and an overall decrease in snowpack (Leung et al. 2004).  While some climate models do not 
demonstrate significant changes in total annual precipitation for the western U.S. (Duffy et al. 2006), an 
increase in “rain on snow” events is expected (Leung et al. 2004; McWethy et al. 2010).  The amount of 
snowpack and the timing of snowmelt may also change, with an earlier peak stream flow each spring 
(Cayan et al. 2001; Leung et al. 2004; Stewart et al. 2004).  Although there is some disagreement about 
changes in the water content of snow under varying climate scenarios (Duffy et al. 2006), reduced runoff 
from decreased snowpack could translate into decreased soil moisture in the summer (Leung et al. 
2004).  However, Pederson et al. (2011) found that increased spring precipitation in the northern Rocky 
Mountains is buffering total annual stream flow thus far from these expected declines in snowpack.   

Because timing of den entry and emergence is at least partially influenced by food availability and 
weather (Craighead and Craighead 1972; Van Daele et al. 1990), less snowpack would likely shorten the 
denning season as foods become available later in the fall and earlier in the spring.  In the GYA, 
Haroldson et al. (2002) reported later den entry times for male grizzlies corresponding with increasing 
November temperatures from 1975 to 1999.  This increased time outside of the den could increase the 
potential for conflicts with humans (Servheen and Cross 2010).    

Climate change could create temporal and spatial shifts in grizzly bear food sources (Rodriguez et al. 
2007).  Changes in plant community distributions have already been documented, with species’ ranges 
shifting further north and higher in elevation due to environmental constraints (Walther et al. 2002; 
Walther 2003; Walther et al. 2005) or outbreaks of insects or disease (Bentz et al. 2010).  Decreased 
snowpack could lead to fewer avalanches thereby reducing avalanche chutes, an important habitat 
component to grizzlies, across the landscape.  However, increases in “rain on snow” events may 
decrease the stability of snowpack resulting in increases in avalanches.  Changes in vegetative food 
distributions also may influence other mammal distributions, including potential prey species like 
ungulates.  While the extent and rate to which individual plant species will be impacted is difficult to 
foresee with any level of confidence (Walther et al. 2002; Fagre et al. 2003), there is general consensus 
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that grizzly bears are flexible enough in their dietary needs that they will not be impacted directly by 
ecological constraints such as shifts in food distributions and abundance (Servheen and Cross 2010). 

Fire regimes can affect the abundance and distribution of some vegetative bear foods (e.g., grasses, 
berry producing shrubs) (LeFranc et al. 1987).  For instance, fires can reduce canopy cover which 
usually increases berry production.  However, on steep south or west aspects, excessive canopy 
removal due to fires or vegetation management may decrease berry production through 
subsequent moisture stress and exposure to sun, wind, and frost (Simonen 2000).  Fire frequency 
and severity may increase with late summer droughts predicted under climate change scenarios 
(Nitschke and Innes 2008; McWethy et al. 2010).  Increased fire frequency has the potential to improve 
grizzly bear habitat, with low to moderate severity fires being the best.  For example, fire treatment 
most beneficial to huckleberry shrubs is that which results in damage to stems, but does little 
damage to rhizomes (Simonen 2000).  High intensity fires may reduce grizzly bear habitat quality 
immediately afterwards by decreasing hiding cover and delaying regrowth of vegetation but Blanchard 
and Knight (1996) found that increased production of forb foliage and root crops in the years following 
the high intensity, widespread Yellowstone fires of 1988 benefited grizzly bears.  We do not anticipate 
altered fire regimes will have significant negative impacts on grizzly bear survival or reproduction in the 
NCDE, despite its potential effects on vegetation.  

Habitat Connectivity 

One way to mitigate potential impacts from climate change is through well‐connected populations of 
grizzly bears in the NCDE, Canada, and the lower‐48 States.  Connectivity among grizzly populations also 
mitigates genetic erosion and increases resiliency to demographic and environmental variation.  This 
Conservation Strategy envisions the NCDE serving as a “source population” for grizzly bear populations 
in the Cabinet‐Yaak, Bitterroot, and Greater Yellowstone ecosystems.  Maintaining habitat connectivity 
between  these areas would benefit multiple wildlife species and would be consistent with the USFWS 
Grizzly Bear Recovery Plan (USFWS 1993, pp. 24‐25), the Grizzly Bear Management Plan for Western 
Montana (Dood et al. 2006, pp. 54‐56), the Grizzly Bear Management Plan for Southwestern Montana 
(MFWP 2002, p. 44), the interagency statement of support for the concept of linkage zones signed by 
the state wildlife agencies in Montana, Washington, Idaho, and Wyoming and the USFS, USFWS, USGS, 
NPS, and BLM (IGBC 2001), and the Western Governors’ Association Resolution 07‐01 (2007).  Although 
connectivity to the west and south would benefit other grizzly bear populations in the lower 48 States, it 
is not required for a healthy NCDE grizzly bear population because of this population’s large size and 
connectivity with populations in Canada.   
 
Based on existing data, sighting records, and the observations of current bear managers, we identified 
areas outside of the PCA already supporting low levels of grizzly bears to serve as connectivity areas to 
adjacent ecosystems.  Two of these areas are within Management Zone 1 (the Salish and Ninemile DCAs) 
while the third area is all of Management Zone 2.   The two DCAs in Zone 1 would be managed to allow 
female grizzly bear dispersal to other recovery ecosystems whereas Zone 2 would be managed to allow 
the dispersal of males (or females) to either the Greater Yellowstone or possibly the Bitterroot 
ecosystem.   
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Although lacking the large blocks of Wilderness Areas and National Parks that provide secure habitat to 
support dense populations of grizzly bears in the PCA, the DCAs will support lower densities of grizzly 
bears, and many reproductive females have already been documented in these areas.  Because both 
DCA’s contain human population centers and rural private lands, it is not expected, nor is it necessary, 
for grizzly bears to occupy these areas in high densities.  As such, less rigorous habitat protections are 
appropriate.  Therefore, management in the DCA’s will focus on reducing risk of human‐caused 
mortality and minimizing erosion of habitat security.  
  
Similarly, Zone 2 will support lower densities of grizzly bears than the PCA because it lacks the large, 
contiguous Wilderness Areas and National Parks that support more dense populations in the PCA.  
Mortality risk in these areas will likely be higher due to greater human activities and presence than in 
the PCA but wary bears will be able to live in low densities in these areas, as demonstrated by the 
confirmed presence of several different males in Zone 2 already.  Mortality risk and grizzly bear/human 
conflicts will be minimized through food storage orders on public lands and the current Forest Plan 
direction for managing the multiple Inventoried Roadless Areas, Wilderness Areas, and Wilderness Study 
Areas in Zone 2.      
 

Private Land Development 

Human population growth in Montana is expected to result in increased recreational use and increased 
residential development in important wildlife habitat adjacent to public lands.  This increased human 
presence and residential development can result in loss of wildlife habitat, habitat fragmentation, and 
increases in grizzly bear/human conflicts, which can result in higher bear mortality rates.  Activities 
associated with permanent human presence often result in management actions that adversely impact 
bears.  Many of these activities occur on or are associated with private lands.  Private lands account for a 
disproportionate number of bear deaths and conflicts.   

The impacts of private land development on grizzly bears may be mitigated and minimized through 
appropriate residential planning, outreach and education about avoiding conflicts, tools and 
infrastructure that prevent conflicts (e.g., bear resistant trash containers and electric fencing for bee 
hives and chicken coops), and assistance in managing conflicts when they do occur.  To assist counties 
and developers with residential development plans, MFWP developed a comprehensive GIS planning 
tool that identifies “Crucial Areas” for wildlife connectivity throughout the State.  MFWP also developed 
the “Fish and Wildlife Recommendations for Subdivision Development in Montana: A Working 
Document” (MFWP 2012).  This document describes how to mitigate the potential impacts of new 
private land development on wildlife, including bears.  Management agencies have devoted significant 
efforts toward private landowner outreach programs to minimize grizzly bear/human conflicts and to 
manage bears and potential conflict situations on such sites, and are committed to continuing those 
efforts.  MFWP, the Confederated Salish and Kootenai Tribes, and the Blackfeet Nation employ bear 
management specialists to manage and prevent grizzly bear/human conflicts on private lands.  Similarly, 
the USDA Forest Service and National Park Service employ bear rangers, and recreation technicians to 
work with recreational users and owners of residences on the forests to minimize conflicts.  
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Chapter 2 – Demographic Criteria 

To maintain a healthy (recovered) grizzly bear population in the NCDE, it is necessary to have adequate 
numbers of bears that are well distributed with a balance between reproduction and mortality.  This 
section details the demographic criteria necessary to maintain and enhance a recovered grizzly bear 
population in the NCDE.  The standards and monitoring protocol focus on the Recovery Zone and the 
area immediately around it identified in this Conservation Strategy as the NCDE Primary Conservation 
Area (PCA) and Management Zone 1 (Zone 1) respectively.  Because grizzly bears are a difficult species 
to monitor, multiple criteria are identified to provide sufficient information upon which to base 
management decisions. 
 
Intensive information has been generated in the NCDE about the status of the population.  These data 
indicate that the demographic and distribution criteria, as outlined in the Revised Grizzly Bear Recovery 
Plan (USFWS 1993) have been greatly surpassed.  Agencies responsible for management will continue 
their commitment to careful population monitoring and data collection to demonstrate that a healthy 
and biologically viable population is being maintained.  
 
Under this Conservation Strategy, all known and probable human‐caused mortalities, a calculated 
number of unknown/unreported mortalities, and all natural mortalities will be monitored and reported 
annually in the PCA and in all three Management Zones (see Figure 1), but the mortality standards will 
only apply in the PCA and Zone 1.  All reports of females accompanied by young of any age will be 
reported in the PCA and Zone 1 but will only be used for the occupancy standard inside the PCA 
(currently the Recovery Zone).  
 

COMMENTS ABOUT THE ISSUE OF UNCERTAINTY 

 

All wildlife management and conservation entails recognizing and accommodating a certain level of 
uncertainty.  In fact, uncertainty is pervasive through all management constructs, from uncertainty 
around identifying social and conservation desires, establishing population goals and objectives, to 
measuring population parameters.  At each level, point estimates are accompanied by other possible 
values.  Sometimes, uncertainty can be explicitly identified and measured, then incorporated into 
models.  In other cases, we don’t know what we don’t know, but the uncertainty remains nonetheless.  
Despite our recognition that uncertainty exists, the need for action remains.  Being unsure does not 
relieve us of responsibility to act to conserve and manage wildlife.   Because grizzly bears are long‐lived, 
slow‐reproducing, and inherently rare, it is difficult to get enough data to accurately estimate population 
parameters.  As data accumulates over time, estimates become more reliable, but this can take many 
decades.  Key uncertainties in these demographic management standards are the wide confidence 
intervals around lambda1 and survival.  As of 2012, point estimates of lambda and survival indicate that 
the population is increasing 3% (λ = 1.03) annually, and that survival is over 95% for adult females.  
However, if one were to apply the lower or upper confidence limits around these estimates, the 
                                                            
1  Lambda symbolized by the Greek letter λ denotes the long‐term intrinsic growth rate of a population. Lambda greater than 1 indicates an 
increasing population, lambda = 1 indicates a stationary population, and lambda less than 1 indicates a decreasing population.  Thus, lambda (λ) 
= 1.02 equates to a population growing at 2% per year while lambda (λ) = 0.97 equates to a population declining at 3% per year.  
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population would appear to be either catastrophically falling or wildly erupting.  These are the limits of 
the confidence intervals because they are statistically less likely.  The point estimates are the ‘best 
approximation of reality’ statistically, so that is what we plan to use to make management decisions.  To 
further control for uncertainty, other lines of evidence are used to temper the limits of confidence.  
These other lines of evidence include monitoring the distribution of breeding females and female 
mortality across the landscape, measuring range expansion, and exploring and applying alternative 
methodologies, for example using DNA collected from bear rub trees.  Convergent results from 
independent methodologies and observations improve confidence in predictions of future population 
performance.   
 
Grizzly bear recovery in the NCDE has been achieved without any reliable method for measuring 
demographic performance.  Only recently have we been able to measure population size and trend 
across the NCDE.  The key population management element that allowed recovery was conservative 
habitat and mortality standards.  The grizzly population has recovered to the point where managers can 
afford to be less conservative than in the past, however, in light of the uncertainty around population 
performance, standards will continue to be conservative.  Under conservative management regimes, the 
population may decline over certain intervals of time, but not quickly, and observed declines will be 
balanced against periods of population increase. 
 

Management Zones and Their Objectives 
 

The area this Conservation Strategy applies to stretches from central Montana to the western edge of 
the NCDE, within which there are three different Management Zones outside of the PCA (Figure 1 – p. 6, 
Chapter 1).   

 

The PCA and Zone 1 comprise the area within which habitat and population management will be most 
protective of grizzly bears.  They are over 10.5 million acres (42,605 km2; 16,450 mi2) including 28% 
private, 42% USFS, 11% tribal, 9.4% GNP, 9.6% other). 

  

Zone 2 is the area managed for genetic connectivity between the NCDE and the Yellowstone.  It is over 
4.5 million acres (18,855 km2; 7,280 mi2), and is predominantly privately owned (63% private; 25% USFS; 
and 12% other ownerships). 

 

Zone 3 is the area where grizzly bear occupancy occurs.  Grizzly bear occupancy will not be encouraged 
in this area, but bears that occur here will not be actively removed unless they are causing problems.  
This area is over 12 million acres (49,202 km2; 18,997 mi2), and is 78% private; 9% USFS; 4% Tribal; and 
9% other ownerships.   

 

The demographic standards for population trend, survival and mortality will be monitored and 
maintained within the PCA and Zone 1. Grizzly bear mortalities occurring in Zone 2 or Zone 3 will not be 
counted against the NCDE survival standards as these areas are not necessary to maintain a recovered 
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grizzly bear population in the NCDE.  Federal public lands within Zone 2 will be managed to provide the 
opportunity for grizzly bears to move between the NCDE and adjacent ecosystems (e.g., the 
Yellowstone) through implementing Food Storage Orders and emphasizing outreach and education, 
conflict response, and management when necessary.  Zone 3 includes peripheral areas where the 
feasibility of long‐term occupancy and viability of grizzly bears is less than in Zones 1 and 2 because of 
the large extent of private agricultural lands.  It is expected that grizzly bears will occasionally use or 
occupy areas within Zone 3.  Grizzly bear management in Zone 3 will consist of primarily minimizing 
bear/human conflicts. 

 
While this Conservation Strategy aims to demonstrate a clear commitment to establish the NCDE as a 
source population to the Greater Yellowstone, Bitterroot, and Cabinet‐Yaak grizzly bear recovery 
ecosystems, such connectivity is not required for the health or recovery of the NCDE population because 
of its large size and connectivity with Canadian populations.  This Conservation Strategy allows the 
opportunity for movement between the NCDE and other ecosystems and in doing so, is consistent with 
the revised USFWS Grizzly Bear Recovery Plan (USFWS 1993), the Grizzly Bear Management Plan for 
Western Montana (Dood et al. 2006), and the Grizzly Bear Management Plan for Southwestern Montana 
(MFWP 2002).    

POPULATION MANAGEMENT 

Management and monitoring protocols for this population will focus on ensuring a recovered population 
is maintained and ensuring that demographic standards for the Conservation Strategy are being 
achieved. Additional monitoring or research may be conducted as determined by the NCDE Coordinating 
Committee.  

Objectives of Population Management in this Conservation Strategy  

This Conservation Strategy sets an objective of maintaining a recovered grizzly population in the NCDE 
area sufficient to maintain a healthy population in biologically suitable habitats within the PCA and Zone 
1. This Conservation Strategy sets management goals, which may not necessarily be measurable.  It 
includes demographic standards, which are objective and measurable criteria of population status and 
health. 

 
Demographic and Genetic Management Goals: 

• Maintain a population with genetic diversity.  This can be 
accomplished by maintaining a minimum of 400 grizzly bears 
(400 is the population size required for an isolated grizzly 
population to maintain a minimal loss of genetic diversity over 
time (see Miller and Waits (2003)).  Note that the NCDE 
population is not currently an isolated population. 

• Maintain a demographic and genetic connection with Canada. 

Management Goals 
These are the overall 
desired outcomes of the 
management agencies 
regarding the status and 
distribution of the 
population. These goals are 
difficult to quantify 
because monitoring 
methods may be extremely 
expensive or invasive.  
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• Maintain a minimum of 800 grizzly bears in the PCA and Zone 1 to achieve dispersal and 
connectivity goals2.  

• Maintain demographic linkage opportunities to the west and south toward the Cabinet/Yaak 
and Bitterroot ecosystems. 

• Maintain genetic linkage opportunities between the NCDE south toward Yellowstone with 
consistent grizzly bear presence in these intervening areas. 

Demographic Standards: 

Standard 1: Maintain a well‐distributed population.   

Adherence to this standard is determined by the presence of reproductive 
females in at least 21 of 23 BMUs at least once every six years (see Figure 
2).  A reproductive female is a bear accompanied by young (cubs, 
yearlings, or 2‐year‐old offspring).  If this distribution standard is not met, 
then a management review3 will be completed.  
 
Standard 2: Manage for survival of independent females generally > 0.90 in the PCA and Zone 1.  
Generally, independent females will be managed so that each of the consecutive 6‐year estimates of 
their survival is ≥ 0.90. Survival of independent females will be calculated and reported annually using 
the most recent 6 years of survival data from known‐fate monitoring (Appendix 1).  If independent 
female survival estimates remain ≥ 0.90, no management review is warranted.  If annual independent 
female survival estimates are between 0.89 and 0.90 for the 12 most recent annual (using the most 
recent 6 years of survival data from known‐fate monitoring) estimates, then all discretionary mortality 
will be curtailed until a management review is completed.  If independent female survival estimates are 
between 0.88 and 0.89 for the 10 most recent annual estimates (using the most recent 6 years of 
survival data from known‐fate monitoring data), then all discretionary mortality will be curtailed until a 
management review is completed.  If independent female survival estimates are between 0.87 and 0.88 
for the eight most recent annual (using the most recent 6 years of survival data from known‐fate 
monitoring data), then all discretionary mortality will be curtailed until a management review is 
completed.  If independent female survival estimates are <0.87 for the five most recent annual  
estimates (using the most recent 6 years of survival data from known‐fate monitoring) then all 
discretionary mortality will be curtailed until a management review is completed.  Examples of the 
effects of different survival rates on population growth and the application of this standard can be seen 
in Tables 2 and 3. 
 

                                                            
2 On the northwest and southwest corners of Zone 1, there would be 2 Demographic Connectivity Areas (DCAs) with specific habitat protection 
measures to support dispersal to other ecosystems in the lower 48 States (i.e., the Cabinet‐Yaak and Bitterroot ecosystems) (see Figure 1). 
3 If there are deviations from any of the population or habitat standards stipulated in this Conservation Strategy, a Management Review will be 
completed by an interagency team of scientists and outside experts as necessary, appointed by the members of the Coordinating Committee.  
See Chapter 5 for details about this process. 
 

Demographic Standards  
These are objective and 
measureable criteria that 
will be monitored and 
reported annually.  If any 
demographic standard is 
not met, it requires a 
management review as 
described in the 
Implementation Chapter.    
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Table 2.  Examples of the effects of different survival levels on the rate of population growth.  
Confidence intervals are not reflected in this table.  For more information, see Harris in Appendix 2, 
Section C. 
Survival rates from 6‐

years of data  Management review response  Mean Lambda from 
Harris Table 9 in Appendix 2 

.89‐.90  After the 12th most recent 6‐yr block 
(12 years)  1.002‐1.009 

.88‐.89  After the 10th most recent 6‐yr block 
( 10 years)  0.992‐1.002 

.87‐.88  After the 8th most recent 6‐yr block
(8 years)  0.983‐0.992 

<.87  After the 6th most recent 6‐yr block
( 6 years)  <0.983 

 
Table 3. The 6‐year survival estimates and how they have already started and will be available to apply 
the management review trigger criteria as per Table 2.  For example, in 2014, 6‐year survival interval 1 is 
available; in 2015 6‐year interval 2 is available, etc.  As an example of the application of the 
management review triggers, if independent female survival was between .89 and .90 for 12 
consecutive 6‐year intervals such as 2014‐2025, a management review would be triggered.  If, for 
another example, independent female survival was less than .87 for 6 consecutive 6‐year intervals such 
as 2016‐2021, then a management review would be triggered.  

Intervals  Years 2009-2026 
 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 
1 X X X X X 1             

2  X X X X X 2            

3   X X X X X 3           

4    X X X X X 4          

5     X X X X X 5         

6      X X X X X 6        

7       X X X X X 7       

8        X X X X X 8      

9         X X X X X 9     

10          X X X X X 10    

11           X X X X X 11   

12            X X X X X 12  

13             X X X X X 13 
 

Standard 3: Independent female mortality will not exceed 10% of the estimated number of independent 
females in either of the following two areas, whichever is reached first: 1) all independent females inside 
the PCA or Zone 1; and 2) all independent females excluding those whose annual home range is entirely 
within Glacier National Park (See Appendix 2, Section F).  The average number of independent female 
mortalities from all causes, in the areas described above including grizzly bears dying from known and 
probable human‐caused, natural, calculated unknown and unreported, and undetermined causes, will 
not exceed 10% of the projected population size of independent females estimated in either of the two 
areas described above whichever is reached first, as averaged over the most recent 6‐year period (e.g., 
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2006‐2011, 2007‐2012, and so on).   Annual mortality reports will be used by population managers to 
determine maximum annual discretionary mortality. 
 
Standard 4:  Independent male mortality will not exceed 20% of the estimated number of independent 
males outside of Glacier National Park but inside the PCA or Zone 1 (see Appendix 2, Section D, Table 
13).  The average number of independent male mortalities outside of GNP but inside the PCA and Zone 1 
from all causes, including grizzly bears dying from known and probable human‐caused, natural, 
calculated unknown and unreported, and undetermined causes, will not exceed 20% of the projected 
population size of independent males outside GNP as averaged over the most recent 6‐year period (e.g., 
2006‐2011, 2007‐2012, and so on).  Annual mortality reports will be used by population managers to 
determine maximum annual discretionary mortality. 
 

Departure from Demographic Standards 

 
Departure from any of the demographic standards will trigger a management review by a review team 
appointed by the NCDE Coordinating Committee.  Who completes a management review; the 
specifications of a management review; and what happens to the resulting report are stated in the 
implementation chapter.  If a management review recommends changes in monitoring or management 
techniques these recommended changes would be based on the best available science and subject to 
public review before they were implemented. 
 

Monitoring Protocol for the Demographic Standards 

 

Standard 1: Maintain a population well distributed with adult female reproduction documented in at 
least 21 of 23 BMUs (Figure 2) ‐ Monitoring for distribution of family groups of grizzly bears will be 
accomplished by compiling verified sightings based on marked bears (radio‐collared bears), aerial 
sightings from telemetry flights by MFWP grizzly bear specialists, verified sightings in Glacier National 
Park by Park staff, verified sightings by Tribal bear biologists and managers on the Confederated Salish 
and Kootenai and Blackfeet Indian Reservations, and records of bear/human conflicts.  Additional 
occurrence records will be compiled through follow‐up and validation of sighting and occurrence 
information from other non‐agency sources when these can be validated.  These records will be 
compiled and validation of occurrence information will be completed by MFWP.  Validation of sightings 
will be done by evaluation of the credibility of each record and the origin of the record.   

 
Standard 2: Manage for survival of independent females generally > 0.90 in the PCA and Zone 1.   
Generally, maintain a point estimate of independent female survival > .90 averaged over the most 
recent 6‐year period in the PCA and Zone 1.  Independent female survival and population trajectory 
calculations will be accomplished annually using accumulated known fate radio telemetry data and the 
staggered‐entry Kaplan–Meier method (Mace et al. 2012) or other appropriate methods.  Radio‐collared 
independent females will be distributed throughout the PCA and Zone 1.  Survival and trajectory will be 
calculated for the most recent 6‐year period to ensure adequate sample sizes for these estimates.  The 
calculation of independent female survival will be done annually by the NCDE Monitoring Team led by 
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MFWP.  The known fate monitoring system is described in Appendix 1.  Background information specific 
to Standard 2 is given in Appendix 2. 
 
Standards 3 and 4:  Mortalities of independent females will be tallied and reported for the PCA and Zone 
1, including Glacier National Park each year.  Independent female mortalities will be reported for: 1) all 
independent females inside the PCA or Zone 1; and 2) all independent females excluding those whose 
annual home range is entirely within Glacier National Park (See Appendix 2, Section F). Independent 
male mortalities will be reported for: 1) all independent males inside the PCA and Zone 1; and 2) that 
portion of independent males outside of Glacier National Park but inside the PCA or Zone 1 (see 
Appendix 2, Section D, Table 13).  Annual mortality reports of all bears (males and females) will include 
all mortalities from all causes including grizzly bears dying from known and probable human‐caused, 
natural, calculated unknown and unreported, and undetermined causes. Mortalities of independent 
males and females will be tallied and reported for the entire Zone 1, including Glacier National Park each 
year.  Mortality records will be collected and maintained by the NCDE Monitoring Team led by MFWP.  
 
To calculate allowable male and female mortality, managers will use estimates of the population as 
extrapolated from estimates of lambda (λ).   Lambda will be calculated for the entire population inside 
the PCA and Zone 1 using the most recent 6 years of cumulative independent female survival and 
reproduction data as a 6‐year running average.  The values of lambda (λ) for each successive 6‐year time 
period will be estimated using standard deterministic demographic analyses of survival and 
reproduction, including estimates of sampling uncertainty.  To ensure mortality doesn’t exceed the male 
and female survival and mortality standards described above, annual discretionary mortality limitations 
will be developed using independent male and female mortality limits based on projected population 
size each year.  These limits will be used by State and Tribal population managers when determining 
allowable discretionary mortality that will ensure the standards for survival and mortality are met.  
Background information specific to Standards 3 and 4 is given in Appendix 2. 
 
Grizzly bears killed by collisions with vehicles on a highway completely within the Park (e.g., Going to the 
Sun Road) will be counted against the mortality limits inside GNP.  If a bear is killed by a collision with a 
vehicle on a highway that is the boundary of GNP or Management Zone 1, it will be counted against the 
mortality limits outside GNP. 

Hunting 

Regulated hunting that reflects the best available science, is adaptable to changing factors, is 
established in a public process, and is consistent with meeting the demographic standards in this 
Conservation Strategy may be one of the tools used to manage the recovered NCDE grizzly bear 
population.  
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Chapter 3 – Habitat Management and Monitoring 

HABITAT MANAGEMENT IN THE NCDE – OVERVIEW 

The Northern Continental Divide Ecosystem (NCDE) and surrounding lands to which this Conservation 
Strategy apply are divided into four management zones, each with varying importance to the grizzly 
bear population (Figure 1).  Each management zone is a mosaic of land ownerships, with different types 
of habitat protections reflecting the mandates and interests of each agency or Tribal government.  In 
general, the goal of habitat management in this Conservation Strategy is to provide reasonable 
assurance to the USFWS that habitat on public lands will continue to be managed at levels present when 
there was a stable to increasing grizzly bear population in the NCDE.  Consistent with habitat 
management while listed as “threatened” under the ESA, this means that rigorous habitat protections 
will be institutionalized on most public lands inside the PCA while less stringent protections will be 
adequate in other management zones.  Additionally, all projects on Forest Service, BLM, and DNRC 
managed lands that could affect the grizzly bear will continue to consider potential impacts to grizzlies 
through project and site‐specific analysis as required under the National Environmental Policy Act 
(NEPA) and the Montana Environmental Policy Act (MEPA) through designation of the grizzly bear as a 
“sensitive species” upon delisting. 

The Primary Conservation Area (PCA) will be managed as a source area where the goal is continual 
occupancy by grizzly bears.  This is the area where the most rigorous habitat protections apply.  
Management Zone 1 is similar in concept to the 10‐mile buffer around the Recovery Zone within which 
population data were recorded while listed under the ESA.  Population and mortality data will be 
collected in all of the PCA and Zone 1.   On the northwest and southwest corners of Zone 1, there will be 
two Demographic Connectivity Areas (DCAs) with specific habitat measures to support female 
occupancy and eventual dispersal to other ecosystems in the lower 48 States (i.e., the Cabinet‐Yaak and 
Bitterroot ecosystems).  In these DCAs, habitat protections will focus on limiting miles of open road and 
managing current roadless areas as stepping stones to other ecosystems.  Management Zone 2 will be 
managed to provide the opportunity for grizzly bears, particularly males, to move between the NCDE 
and adjacent ecosystems (e.g., the GYA) via the multiple large blocks of habitat with motorized use 
restrictions that already exist as of 2011.  Here, the management emphasis will be on conflict prevention 
and response.  Management Zone 3 does not have enough suitable habitat to contribute meaningfully 
to the long‐term survival of the NCDE population but grizzly bears are sometimes found here (see 
“GRIZZLY BEAR HABITAT MANAGEMENT” section in Chapter 1 for more details).  In contrast to Zones 1 
and 2, Zone 3 does not lead grizzly bears to other suitable habitat or recovery ecosystems.  It was 
included as part of this Conservation Strategy because any grizzly bear found in Zone 3 to date has 
originated from the NCDE and this will likely remain the case for the vast majority of Zone 3.     

ORGANIZATION OF THIS CHAPTER & LAND OWNERSHIP TABLES 

This chapter is organized by Management Zone, with a side header on each page indicating what zone 
the protections described on that page apply to:  the PCA, Zone 1, Zone 2, or Zone 3.  Within each 
management zone section, habitat features important to grizzly bears are listed, with protections from 
each agency or Tribal government provided afterwards.  For Management Zones 2 and 3, land 
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ownership tables are provided but there are no habitat standards specifically related to grizzly bears 
described because the objectives in these zones do not require them (see section “DESCRIPTION OF THE 
MANAGEMENT ZONES” and “GRIZZLY BEAR HABITAT MANAGEMENT” sections in Chapter 1).  Many 
standards and guidelines in the current GNP General Management Plan, Forest Plans, and BLM Resource 
Land Management Plans benefit grizzly bears (see Appendices 10, 11), even though they are related to 
other resource concerns (e.g., elk habitat security, riparian health, etc.).  Food storage orders on most 
public lands in Zone 2 will be adequate to allow for low densities of male and female grizzly bears and 
that is sufficient to facilitate connectivity with other ecosystems in this management zone.   

Each section begins with a land ownership table for that management zone.  Each land ownership table 
also contains information about how many acres in each management zone are considered “protected 
lands” due to a management classification that restricts road construction, motorized use, livestock 
allotments, hardrock mine development, and timber harvest, or some combination thereof.  Altogether, 
5,251,918 acres (21,254 sq km) of lands within the PCA, Zone 1, Zone 2, and Zone 3 are considered 
“protected lands” in ways that benefit grizzly bears (i.e., some restrictions on motorized access and/or 
new road construction) (Figure 4).  These “protected lands” are reported in the land ownership tables in 
three categories:  Congressionally Designated Wilderness, Other wilderness, and Other non‐motorized 
areas.   
 
Congressionally designated Wilderness Areas are part of the National Wilderness Preservation System 
that was established by the Wilderness Act of 1964 (16 U.S.C. 1131–1136).  The Wilderness Act provides 
protections from road construction, permanent human habitation, increases in developed sites, new 
livestock allotments, new mining claims, and new oil and gas leases.  There is no motorized use allowed 
in Wilderness Areas and these areas will not experience decreases in habitat security.  While the 
Wilderness Act allows livestock allotments existing before the passage of the Wilderness Act and mining 
claims established before January 1, 1984, to persist within wilderness areas, no new grazing permits or 
mining claims are allowed.  If pre‐existing mining or oil and gas claims are pursued, the plans of 
operation are subject to Wilderness Act restrictions on road construction, permanent human habitation, 
and developed sites.  
 
Additionally, there are thousands of acres in the NCDE that are managed similarly to wilderness areas 
based on relevant forest and resource management plans but have not been designated as Wilderness 
Areas by an Act of Congress.  These areas are reported as “Other wilderness” in the land ownership 
tables.  Generally, these areas (e.g., Recommended Wilderness, Proposed Wilderness, Wilderness Study 
Areas, Research Natural Areas, etc.) possess wilderness characteristics and individual National Forests, 
BLM Field Offices, National Parks, or Tribal governments manage these areas to maintain these 
characteristics until Congress decides to make them Designated Wilderness Areas.  These areas are 
protected from new road construction and thereby safeguarded from decreases in habitat security.  
Wheeled, motorized use is not allowed.  Activities such as timber harvest, mining, and oil and gas 
development are much less likely to occur in these areas because the road networks required for these 
activities are unavailable.   
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Other areas with motorized use restrictions include Inventoried Roadless Areas, Tribal roadless areas, 
Tribal Primitive Areas, & some National Recreation Areas, depending on their specific management 
direction.  All of these classifications contain restrictions on motorized use, new road construction, and 
timber harvest to varying degrees.  The 2001 Roadless Areas Conservation Rule prohibits road 
construction, road re‐construction, and timber harvest in Inventoried Roadless Areas on National Forest 
lands (66 FR 3244–3273, January 12, 2001). This restriction on road building makes mining activities and 
oil and gas production much less likely because access to these resources becomes cost‐prohibitive or 
impossible without new roads.  Potential changes in the management of these areas are not anticipated, 
but are a possibility due to ongoing litigation regarding the 2001 Roadless Rule.  The Flathead Indian 
Reservation (FIR) Forest Management Plan, in effect until 2030, designated several roadless and 
primitive areas that are unavailable to forest management activities completely or only allow helicopter 
timber harvest.  Finally, when Forest Plans contain restrictions on road construction and motorized use 
in their National Recreation Areas, these were considered “protected lands” in ownership tables.  
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Figure 4.  Map of “Protected areas” in the NCDE PCA and Management Zones 
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IMPLEMENTATION OF HABITAT STANDARDS 

The intent is to have signatories of this Conservation Strategy representing the land management 
agencies incorporate the habitat standards and guidelines described in this chapter into their respective 
management plans.  Standards refer to mandatory constraints on project and activity decision making 
whereas guidelines are constraints that allow for departure from their terms, so long as the purpose of 
the guideline is met.  Guidelines in this Conservation Strategy serve to mitigate and minimize 
undesirable effects to grizzly bears or their habitat.  The National Forest and BLM Resource 
Management Plans, the Glacier National Park Superintendent’s Compendium, the Montana Department 
of Natural Resources (DNRC) Habitat Conservation Plan, and the Tribal Forest Management Plans largely 
dictate how grizzly bear habitat management will occur, and, in doing so, they serve to ensure against 
excessive grizzly bear mortality by minimizing human‐caused mortality risk.  Because amending or 
revising management plans will require an analysis under NEPA for some agencies, the USFWS will not 
sign the Conservation Strategy until this NEPA process is complete and satisfactory to ensure grizzly bear 
conservation in the foreseeable future.  Implementation of this Conservation Strategy and any 
associated Amendments to land management plans would not occur until the USFWS signed the 
Conservation Strategy’s MOU and determined the grizzly bear in the NCDE either (a) no longer meets 
the definition of threatened or endangered under the Endangered Species Act or (b) if the USFWS 
amended the Grizzly Bear Recovery Plan (USFWS 1993) with the management direction described in this 
Strategy for the NCDE.   

While National Forest and BLM Resource Management Plans and National Park Superintendent 
Compendiums direct management on these Federal lands, habitat management on the FIR, Blackfeet 
Indian Reservation (BIR), and State lands is guided by other, legally enforceable management plans 
already in place.  On the FIR, habitat management is directed by the Tribes’ Forest Management Plan, as 
authorized by the Tribal Council and the Bureau of Indian Affairs.  Of the 1,373,451 acres (5,558 sq km) 
of lands within the FIR, 459,408 acres (1,859 sq km) are forested with management directed by the 
Forest Management Plan.  This Plan is in effect until 2030 and, in unison with this Conservation Strategy, 
establishes habitat management direction relevant to grizzly bears on the FIR.  Management of forested 
grizzly bear habitat on Blackfeet Tribal lands is implemented through the Blackfeet Nation’s Forest 
Management Plan, as authorized by the Tribal Business Council and the Bureau of Indian Affairs.  Of the 
1,525,691 acres (6,174 sq km) of lands within the BIR, there are 174,963 forested acres (708 sq km) 
whose management is directed by the Blackfeet Nation Forest Management Plan, nearly all of which 
occur within the PCA or Management Zone 1.  This Plan is in effect until 2023 and establishes habitat 
management direction relevant to grizzly bears on the BIR. 

On DNRC lands, management direction and policies are largely driven by a legal requirement to 
generate revenue to support state schools and educational institutions.  In 1889, the United States 
Congress approved the Enabling Act, which granted lands to the State of Montana for support of 
common schools.  Initially, sections 16 and 36 in every township within the state were set aside.  Some 
parcels were consolidated by the State to address lands previously homesteaded, or situated within 
Indian reservations.  DNRC lands can occur in large blocks or small, isolated parcels, surrounded by 
private or public lands.   The acreage of State trust lands in Montana totals about 5.1 million acres.  
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Chapter 4 – Conflict Prevention, Response, and Nuisance Bear Management 

Grizzly bear‐human conflicts are incidents in which bears either do or attempt to:  injure people, 
damage property, kill or injure livestock, damage beehives, obtain anthropogenic foods, agricultural 
crops or other attractants.  Most grizzly bear‐human conflicts are the result of bears attempting to gain 
access to human‐related attractants such as garbage, human foods, livestock or pet foods, hunter 
harvested deer or elk carcasses, orchards, compost piles, bird feeders, or vegetable gardens in areas of 
human presence.  Although aggression towards people is uncommon, grizzly bears may occasionally 
injure or kill people when displaying natural defensive behavior or when they have become food‐
conditioned. 

Within the NCDE, grizzly bear‐human conflicts have increased as the frequency of bear‐human 
encounters has gone up.  This is a result of an increasing bear population with an expanding distribution 
in combination with increasing numbers and distribution of people living and recreating in grizzly bear 
habitat in western Montana.  The Grizzly Bear Management Plan for Western Montana (Dood et al. 
2006) addresses conflict management in the NCDE, and some of the language in this chapter is taken 
directly from that plan.  Considering the many people who live, work, and recreate in the region, it is 
significant to note that levels of conflicts and grizzly bear mortalities since 2004 did not preclude an 
increasing grizzly bear population.  Underlying attitudes toward grizzly bears are highly variable and 
relate to issues such as resident and recreationist safety concerns and economic impacts on local 
businesses and livestock producers.  Local support for grizzlies on the landscape decreases if conflicts 
are not handled in an effective and timely manner.  

The objective of conflict management is to maximize human safety and minimize property losses while 
maintaining a viable population of grizzly bears (Dood et al. 2006).  This approach of balancing human 
needs with grizzly bear population considerations builds support and tolerance for grizzly bear 
conservation.  For this approach to be effective, State, Tribal, and Federal agencies must respond to 
conflicts rapidly.  When grizzly bear‐human conflicts are not adequately addressed, there are negative 
consequences for the individual bear and the people involved, and support for grizzly bear management 
and conservation in the NCDE is undermined.   
 
The emphasis of grizzly bear conflict management will be quick response by management authorities, 
removal of the source of the conflict where possible, and the use of non‐lethal solutions.  Depending on 
the circumstances of the conflict, appropriate responses may include: 

− Removing or securing attractants, 
− Public education and outreach,  
− Discouraging the bear from visiting the site using non‐lethal methods (e.g., aversive 

conditioning), 
− Reactively or preemptively capturing and relocating a nuisance bear to a new area, 
− Removing the bear from the wild, including lethal control. 
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Signatories to this Conservation Strategy will work to minimize the number of bears removed from the 
population as a result of conflict situations, recognizing that relocating or removing offending animals 
will be necessary to resolve some problems.  Inside the PCA and Zone 1, nuisance bear status and 
response will be based on the Guidelines and Standards in this Conservation Strategy (see “Nuisance 
Bear Management” section in this chapter).  In Management Zones 2 and 3, nuisance bear status and 
response will be based on relevant State or Tribal grizzly bear management plans. 

Although there are a variety of situations that can result in a grizzly bear‐human conflict, the primary 
causes are:  (1) food attractants ‐‐ improper food storage or sanitation in either a backcountry situation 
(e.g., hunter camp, hiker or other backcountry recreationist), rural setting (e.g., farm/ranch, cabin, 
church camp, etc.) or urban setting (e.g., subdivision, town); (2) surprise encounters ‐‐ bears surprised at 
close range and acting defensively; (3) maternal defense ‐‐ females defending cubs; (4) natural food 
sources ‐‐ bears defending a kill/carcass etc.; (5) humans approaching a bear too closely (e.g., 
photographer, berry picker, hiker, hunter, etc.); or (6) bears responding to a noise attractant ‐‐ bears 
attracted to a hunter attempting to bugle or cow‐call an elk, bears associating gunshots with a food 
source (carcass or gut pile).   

The best ways to minimize these sources of conflicts are through education and outreach, 
food/attractant storage rules on public lands, and a variety of non‐lethal methods that may be used 
directly by the public.  In cases where Tribal, GNP, or State management authorities determine 
minimizing the sources of conflicts is ineffective or inadequate to address the specific circumstances of 
the conflict, relocation or removal of the nuisance bear is necessary and will be consistent with this 
Conservation Strategy and associated State and Tribal management plans.   

EDUCATION AND OUTREACH 

For grizzly bear conservation to be successful, providing habitat on the landscape is not enough.  For 
grizzly bears to survive, people must accept the grizzly as a cohabitant of the land.  Tolerance can be 
maintained when the public has confidence in management agencies to respond quickly and 
appropriately to grizzly bear‐human conflicts and the public is equipped with the knowledge to 
understand and avoid grizzly bear‐human conflicts.  Education and outreach efforts are an essential 
component in building and maintaining this human tolerance of grizzlies.  Other management strategies 
outlined in this Strategy are unlikely to succeed without useful, coordinated, adaptable outreach 
programs.  Focused outreach messages must be communicated frequently and consistently, with 
emphasis on the importance of: (1) hunting safely in grizzly country, (2) keeping private property 
(including livestock and domestic pets) bear resistant, (3) appropriate food storage when camping or 
living in bear country, (4) hiking and camping safely in grizzly country, (5) being able to tell the difference 
between black bears and grizzly bears, (6) recognizing high‐risk situations regarding grizzly bear habitat, 
(7) knowing grizzly bear biology and behavior. 
 
Messages for all outreach efforts will be based on bear biology and behavior and be of a positive, non‐
alarmist nature.  Custom messages targeted at specific audiences (e.g., hunters, hikers, recreationists, 
homeowners, livestock operators, rural communities, commercial entities, loggers, miners, resort 
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operators, outfitters, etc.) have been identified and increase the efficiency of education and outreach 
efforts.   

The following outreach actions in the NCDE are ongoing and will be continued:  
• Outreach programs to local schools, businesses and community organizations; 
• Lessons on human safety and conflict prevention while hunting in bear habitat presented to all 

hunter education classes; 
• Online and in‐person training to assist hunters with identification of black versus grizzly bears. 

MFWP implemented mandatory bear identification training for hunters purchasing black bear 
licenses in 2002; 

• News releases and media (TV, radio and newspaper) messages, including information about 
helpful websites;  

•   Agency and partner‐produced radio spots and Public Service Announcements; 
•   Web pages (on agency and Tribal websites) that are devoted to living and recreating in bear 

country; 
• Dynamic websites (e.g., www.missoulabears.org) dedicated to reducing grizzly bear‐human 

conflicts by disseminating information on current bear activity and how to keep neighborhood 
bear attractants minimized; 

•   Use of available tools, such as the “Bears and Bees” video to teach beekeepers about how to 
avoid conflicts with bears; 

•   Information and workshops on electric fencing to keep bears out of orchards, garbage, grain 
storage and bee yards;  

•   Meetings with homeowner groups and local communities about keeping bears out of garbage 
through bear‐resistant garbage containers and electric fences; 

• Day‐to‐day public contacts by agency and partner personnel during conflict situations with 
bears; 

• Messages sent through online social networks (e.g., Facebook, Twitter, etc.); 
• Bear rangers to talk with members of the public, make presentations, and post signage to 

proactively inform recreationists about bears and bear activity and reduce the potential for 
conflicts;   

• Various bear safety brochures available at agency and partner offices, distributed by field 
personnel and given out at presentations; 

• “Be Bear Aware” children’s handout/coloring book; 
• Standardized “Hunters Know Your Bears” and “Food Storage” signs posted at campgrounds, 

trailheads, popular hunting areas, fishing access sites, etc. Public meetings to encourage citizen 
participation in land management decisions affecting grizzly bear habitat and management; 

• Education and training of permanent and seasonal agency personnel.  
 

Information & Education (I&E) Team 

To ensure the consistency of messages presented across the multiple jurisdictions in this ecosystem, the 
NCDE’s existing I&E subcommittee, composed of State and Federal agency staff members and 
information and education professionals, will continue to coordinate outreach efforts in the NCDE.  This 
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team will identify and prioritize needed outreach efforts in the NCDE, ensure consistency and accuracy 
of information, facilitate partnerships with private land owners and non‐profit organizations, identify 
and target specific audiences, identify and implement useful, new communication techniques, and 
adapt messages in response to public concerns.  Chapter 5 contains details about the members of the 
I&E Team.  
    

ATTRACTANT STORAGE RULES & REGULATIONS 

 

Securing potential attractants is the single most effective way to prevent bears from becoming food 
conditioned and displaying subsequent unacceptable aggressive behavior.  It is effective in limiting 
human‐caused grizzly bear mortality, grizzly bear‐human encounters, and other grizzly bear‐human 
conflicts.  These actions on public lands have been ongoing and will continue under this Conservation 
Strategy. 

Federal Lands 

The USFS has implemented and monitors compliance with food storage orders that require people using 
grizzly bear habitat to store food and other attractants properly on public lands so that bears cannot 
access them.  Food storage orders apply to all lands within the PCA on the Flathead, Lolo, Helena, Lewis 
and Clark, and Kootenai National Forests.  Food storage orders also apply to all of Zone 1 for the 
Flathead National Forest, Lolo National Forest, Kootenai National Forest, Rocky Mountain Ranger District 
of the Lewis and Clark national Forest and lands on the Lincoln Ranger District, Helena National Forest.  
The Helena National Forest and the Beaverhead‐Deerlodge National Forest are in the process of 
developing and are committed to implementing a food storage order on all lands in Zone 1 and Zone 2.  
This would be effective before adoption of the Conservation Strategy.  

USFS:  Existing and future food storage orders on USFS lands are governed by direction of 36 CFR 261.50 
and address:  (1) Human, pet, and livestock food, toiletries, beverages, and garbage; (2) wildlife and 
domestic animal carcasses; (3) burnable attractants; and (4) reporting the death and location of 
livestock to a Forest Service official.  Approved means and methods for the above are included in the 
special orders.  Bear resistant food storage facilities are provided at some recreation sites. 

Enforcement: Violations of these prohibitions are punishable by a fine of not more than $5,000 
for an individual or $10,000 for an organization or imprisonment for not more than six months 
(16 U.S. C 551 and 18 U.S. C. 3559 and 3571). 

GNP:  GNP enforces a food storage order governed by direction of 36 CFR 2.10 (d) which prohibits 
anyone from leaving food or garbage unattended or stored improperly where it could attract or 
otherwise be available to wildlife.  

Enforcement:  In general, citations are issued whenever there are violations of 36 CFR 2.10 (d) 
observed and the items left out would attract and provide a food reward to a bear or other 
wildlife.  This includes such items as coolers containing food and/or beverages, packaged or 
cooked food, cooking equipment/utensils with food on them, and beverage containers with 
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beverages in them.  Campground managers remove any unsecured food or food coolers which 
may attract wildlife and provide a food reward.  Only commissioned law enforcement officers 
may issue violation notices.   In all cases it must be determined that the visitor(s) are, or have 
been, made aware of the food storage regulations prior to issuing a citation.  If in doubt, a 
written warning is issued.  Penalties for violations of 36 CFR 2.10 range from $50‐$250 per 
violation.  

USFWS:  One National Wildlife Refuge exists in the PCA (Swan River) and another exists in Zone 1 
(National Bison Range complex) of the NCDE.  Other refuge lands and Waterfowl Production Areas, 
occur in Zone 1 in the Blackfoot Valley Conservation Area and the Rocky Mountain Front Conservation 
Area.  All refuge lands are day‐use only with no overnight camping allowed; visitors generally park and 
hike.  All provide only parking areas and no garbage containers.   Use of refuge lands operates under the 
pack‐in/pack‐out policy, which has been adequate for preventing grizzly bears from accessing human 
sources of food at day‐use sites.  To date, no conflicts with grizzly or black bears have been reported at 
any of these sites.  Administrative and housing facilities are limited, and all attractants are stored in a 
bear‐resistant manner. 

Enforcement:  Failure to comply with the pack‐in/pack‐out food and attractant policy results in 
violation of 50 CFR 27.94:  Disposal of Waste ‐ The littering, disposing, or dumping in any manner 
of garbage, refuse, sewage, sludge, earth, rocks or other debris on any national wildlife refuge 
except at points or locations designated by the refuge manager, or the draining or dumping of 
oil, acids, pesticide wastes, poisons, or any other types of chemicals wastes in, or otherwise 
polluting any waters, water holes, streams, or other areas within any national wildlife refuge is 
prohibited. 

 
BLM:  The BLM manages 20,691 acres within the PCA (<1% of total area).  The BLM has drafted a food 
storage order for all BLM managed lands in the PCA, Zone 1, and Zone 2.  Modeled after the Food 
Storage Orders on USFS lands in the NCDE, it will address:  (1) Human, pet, and livestock food, and 
garbage; (2) wildlife carcasses; (3) burnable attractants; and (4) reporting the death and location of 
livestock to a BLM official.  Currently, the proposed language for this food storage order includes some 
exceptions for specific campgrounds and developed recreation sites in Zone 2 but employs an adaptive 
management approach stating that if conflicts occurred at these sites, food storage orders would be 
implemented.  
 

Enforcement: Failure to comply with food storage orders of special use permits result in the 
cancellation of the permit or denial of future permits.  Contracts can be cancelled for failure to 
follow food storage orders.  A Supplementary Rule will be pursued such that violations of any 
food storage regulations, except for provisions of 43 CFR 8365.1‐7, would be punishable by a fine 
not to exceed $1,000 and/or imprisonment not to exceed 12 months (43 CFR 8364.1, 8365.1‐6, 
8360.07, and 18 USC 3559 and 3571 and FLPMA Section 303, 43 USC 1733). 
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State Lands 

MFWP:  The MFWP manages anthropogenic bear attractants on State owned Wildlife Management 
Areas (WMAs), fishing access sites, and State Parks through mandatory food storage requirements, pack 
in/pack out policies, and/or bear resistant containers.  Attractant management varies by habitat, season, 
and bear activity.  All WMAs in the PCA, Zone 1, and Zone 2 have mandatory food storage orders, 
including the Aunt Molly (1,184 acres), Blackfoot‐Clearwater (43,761 acres), Kootenai Woods (1,417 
acres), Marshall Creek (24,170 acres), Nevada Lake (740 acres), Sun River (19,771 acres), Ear Mountain 
(3,047 acres), and Blackleaf (10,397 acres) WMAs.  MFWP employs an adaptive management approach 
stating that if conflicts occur at these sites, food storage orders would be implemented.  Similarly, 
fishing access sites require that users pack out all garbage.  At most State Parks within the NCDE, bear‐
resistant garbage bins are provided (Dood et al. 2006).  Informational signage of other lands such as 
those enrolled in the Block Management Access program is encouraged to notify users of potential 
grizzly bear presence.   

Enforcement: ARM 12.8.201 and 12.8.210 control the dumping, pollution or littering of lands or 
waters under the control, administration and jurisdiction of MFWP.  The maximum penalty for a 
violation is $135.  These rules are enforced by official Department staff such as wardens and 
park management staff. 

DNRC:  The Montana DNRC will rely on its HCP for forest management activities as the primary 
component of this Conservation Strategy for grizzly bears in the PCA and Zone 1 (DNRC HCP 2010).  The 
HCP requires all DNRC personnel and contractors who conduct forest management activities or camp in 
the HCP area to store all human food, pet food, livestock feed, garbage and other attractants in a bear‐
resistant manner.  Burnable attractants (such as food leftovers or bacon grease) shall not be buried, 
discarded, or burned in an open campfire.  Additionally, inside the PCA, Zone 1, and Zone 2, all TLMD 
lease and license agreements that permit uses and/or activities that may involve the use or presence of 
bear attractants (e.g., leases/licenses for cabin and home sites, grazing, outfitting, group use licenses for 
camping, picnicking etc.) shall contain applicable clauses requiring unnatural bear foods and attractants 
to be contained and/or managed in a bear‐resistant manner.  
 

Enforcement: Violations of these orders are punishable by lease or license cancellation and a civil 
penalty of up to $1,000 for each day of violation. Pursuant to Montana Code Annotated § 77‐1‐
804(8). In determining the amount of civil penalty, Administrative Rule 36.25.157 requires that 
DNRC consider the following factors:  (1) number of previous violations, (2) severity of the 
infractions, and (3) whether the violation was intentional or unintentional. 

Tribal Lands 

BIR:  The Blackfeet Nation implements and monitors compliance with attractant storage regulations in 
areas normally occupied by bears.  This includes nearly all public BIR lands in the PCA and most public 
BIR lands in Zone 1.  Blackfeet Fish and Wildlife Code Chapter 3, Section 17 requires all residents and 
visitors in “normally occupied” bear habitat to store food, garbage, livestock food, gut piles, big game 
carcasses and livestock carcasses in a bear‐resistant manner.  Chapter 3, Section 17 also applies to 
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timber harvest activities within the Reservation.  Purchasers, all employees, contractors and 
subcontractors must store trash in bear‐resistant containers, remove trash on a daily basis, and refrain 
from feeding wildlife.  

Enforcement:  The penalty for violating this section shall be $100 per violation per day.  The 
penalty for commercial food businesses violating food or garbage storage regulations shall be 
$500 per violation per day.  Regulations are enforceable by Tribal wardens and Tribal police. 

FIR:  The Confederated Salish and Kootenai Tribes implemented food storage regulations for campers 
and backcountry users on March 1, 2011.  These regulations require that “all food, garbage, pet items or 
any attractants that may provide a reward to wildlife, must be stored in a bear resistant manner.”   

Enforcement:  These regulations are enforceable by Tribal wardens and Tribal police.  Fines for 
violations will range from $50 to $100.     

Other Lands 

On private lands in Montana, Montana Code Annotated § 87‐6‐216 prohibits the feeding of certain 
wildlife including grizzly bears.  A person may not provide supplemental feed attractants to animals by 
purposely or knowingly attracting any ungulates, bears, or mountain lions with supplemental feed 
attractants.  A person who is engaged in the recreational feeding of birds is not subject to civil or 
criminal liability under this section unless, after having received a previous warning by the department, 
the person continues to feed birds in a manner that attracts ungulates or bears and that may contribute 
to the transmission of disease or constitute a threat to public safety. 

Enforcement: MCA 87‐6‐216 is enforced by official MFWP employees with enforcement 
authority.  The maximum penalty for a violation is $135.  

A technical working group coordinated by MFWP recently submitted recommendations to the Montana 
Department of Commerce Community Technical Assistance Program regarding a state‐wide “rule set” 
for future subdivisions.  These recommendations attempt to minimize the adverse impacts of 
subdivision development on wildlife and wildlife habitat.  To minimize grizzly bear‐human conflicts, 
MFWP recommended that if the proposed subdivision is located in an area of high or potentially high 
grizzly bear‐human conflict in the opinion of the local MFWP biologist, the subdivision developer is 
required to provide adequate facilities for contained bear‐resistant garbage collection.   

Many counties and communities have improved their landfills and garbage collection systems to reduce 
or prevent conflicts with grizzly bears.  Landfills have been made bear resistant with chain link or electric 
fence perimeters.  Timing of garbage collection has been adjusted in some areas to limit the availability 
of attractants to grizzly bears.  A number of private garbage disposal companies within the NCDE (e.g., 
Allied Waste Services) have replaced old dumpsters and cans with bear resistant containers in problem 
areas.  Multiple non‐government organizations as well as Federal, State and Tribal entities participate in 
grant programs that provide bear resistant containers to counties or other municipalities.  For example, 
in 2012, the CS&KT used a Tribal Wildlife Grant from the USFWS to purchase 225 bear‐resistant garbage 
cans to distribute to homeowners having problems with bears accessing their garbage.     
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NON‐LETHAL CONFLICT MANAGEMENT & PREVENTION 

 

Over the past few decades considerable effort has been directed toward the development of non‐lethal 
techniques for preventing conflicts entirely or responding to them once they have occurred.  These 
techniques, most of which are easily used by the general public, include the use of bear spray, electric 
fencing, and other aversive conditioning tools.  The best available technologies and science will be used 
in the NCDE to aversively condition bears and minimize bear‐human conflict when appropriate.   
 
Bear spray is an effective way to stop a threatening or attacking bear.  Electric fencing is an incredibly 
effective tool when properly maintained and monitored.  It can prevent bears from accessing potential 
attractants such as chicken coops, pig pens, calving or lambing corrals, orchards, bee yards, compost 
piles, gardens, hunter‐killed carcasses, and any anthropogenic attractant a bear should not be able to 
access.  MFWP and Tribal bear management specialists work extensively with the public and non‐profit 
organizations to make electric fencing as cheap and effective as possible for citizens.  This is 
accomplished through cost‐share programs, loaner kits for short‐term attractants, demonstrations at 
local community events and farm and ranch stores, and a comprehensive guide produced by MFWP on 
“Bears and Electric Fencing” available online (http://fwp.mt.gov/fwpDoc.html?id=48893).  Other tools 
that will aversively condition grizzly bears to humans with the goal of reducing or eliminating 
habituation include rubber bullets, cracker shells, plastic slugs, propane noise makers, and trained 
Karelian bear dogs.     
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NUISANCE BEAR GUIDELINES AND STANDARDS 

Nuisance bears are bears that exhibit conflict behaviors which may place the public at undue risk.  This 
includes any positively identified grizzly bear involved in a grizzly bear‐human conflict that results in an 
agency management response activity (Dood et al. 2006).  Examples of nuisance bears include, but are 
not limited to, grizzly bears that have become food‐conditioned, that kill livestock or pets, damage 
property, or display unacceptable aggressive behavior.  Some bears involved in conflicts that are 
resolved through preventive measures (i.e., removing or securing the human‐related attractant) are not 
considered nuisance bears.   

The Guidelines and Standards in this chapter of the Conservation Strategy apply to the PCA and Zone 1 
only.  For Zone 2 and Zone 3, relevant State and Tribal plans would guide decisions about nuisance bears 
and conflict response.  However, grizzly bears in Zones 2 and 3 will not be captured and removed just 
because they are present, nor will they be captured and removed from these areas unless there are 
conflicts.  MFWP, GNP, and Tribal management authorities make decisions regarding the appropriate 
management response within their respective jurisdictions.  If the decision made by one of these 
management authorities is to relocate a bear, interagency communication and coordination will occur.  
The authority to manage and respond to grizzly bear‐human conflicts is based upon existing State, 
Federal, and Tribal laws and regulations, as detailed in Chapter 6.   

Within the PCA and Zone 1, decisions about nuisance bears will consider the following guidelines: 
• Location, cause of incident, severity of incident, history of the bear, health/age/sex of the bear, 

and demographic characteristics of animals involved will be considered in any decision about a 
nuisance bear (Dood et al. 2006)  

• Recognizing that conservation of female bears is essential to maintenance of a grizzly 
population, removal of nuisance females will be minimized (Dood et al. 2006).  

• Removal of nuisance bears will be carefully considered and consistent with mortality limits for 
the NCDE as described in Chapter 2 of this Conservation Strategy.  While efforts will be made at 
all times to remain within sustainable mortality limits, nuisance grizzly bears must be removed if 
they pose a threat to human safety.  If a decision to remove a nuisance bear violates the 
mortality limits, the reasons must be documented.  

• Management of all nuisance bear situations will emphasize removal of the human cause of the 
conflict, when possible, and management and education actions to prevent future conflicts.  

• Bears may be relocated as many times as judged prudent by management authorities.   
• Bears may be preemptively moved when they are in areas where they are likely to come into 

conflict with humans if aversive conditioning and/or minimizing or removing attractant sources 
have failed to correct the bear’s habituation. Such preemptive moves will not count against the 
bear when determining future management response actions or classifying that individual as a 
nuisance bear in the future.   

• State and Tribal wildlife agencies, in coordination with the appropriate Federal agencies, will 
predetermine adequate and available sites for relocations.  Relocation sites should be agreed 
upon before the need for relocation occurs.  State and Tribal wildlife managers will coordinate 
with local Federal land managers on all relocations on Federal lands.   
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Within the PCA and Zone 1, the following standards apply to decisions about nuisance bears: 

• No bear may be removed from the population for any offense, other than unacceptable 
aggression or a conflict resulting in a serious human injury or fatality, without at least one 
relocation, or documentation of the circumstances that warranted the removal decision.  

• Bears displaying unacceptable aggression will be removed from the population.   
• Bears displaying natural defensive behavior are not to be removed, unless management 

authorities judge that the particular circumstances warrant removal and document the 
circumstances that warranted the removal decision (e.g., the behavior resulted in a human 
fatality).   

• State, Federal, and Tribal agencies will retain Grizzly Bear Management Specialists and law 
enforcement officers to rapidly respond to conflicts, perform public education, implement 
proactive sanitation measures such as fencing and livestock carcass redistribution, and assist 
with grizzly bear relocations and removals.   

• Preemptive moves will not be used to stop distribution increases (Dood et al. 2006).  
• To facilitate informed decisions about nuisance bears on adjacent jurisdictions, MFWP, CS&KT, 

the BIR, and GNP management authorities will communicate with each other to understand the 
origin and conflict history of any marked bear that is captured in a conflict situation within their 
respective jurisdictions, as appropriate. 

 
Grizzly Bear Removals 

Captured grizzly bears identified for removal may be given to public research institutions or accredited 
public/non‐profit zoological parks for appropriate non‐release educational or scientific purposes as per 
State and Federal regulations.  Grizzly bears not suitable for release, research, or educational purposes 
will be euthanized by management authorities, as described in appropriate State and Tribal 
management plans or in compliance with National Park rules and regulations.  Orphaned cubs of 
euthanized female bears will not automatically be classified as nuisance bears.  Depending on the 
circumstances of the conflict and subsequent removal decision, they may be left in the wild, taken to the 
MFWP rehab facility in Helena, Montana for re‐release to the wild, or removed from the population (see 
Dood et al. 2006, MFWP 2010 Policy on Intake, Rehabilitation, Holding, and Disposition of Wildlife). 
Outside of GNP, individual nuisance bears deemed appropriate for lethal removal could be killed by 
permitted citizens under certain circumstances and in compliance with rules and regulations 
promulgated by the appropriate State or Tribal authorities.   

MONITORING PROTOCOL 

MFWP will compile and report grizzly bear‐human conflicts in all Management Zones across all 
jurisdictions.  All reported conflicts and subsequent response actions, if any, will be documented and 
summarized annually.  This reporting system will provide managers with a way to identify conflict “hot‐
spots” and compare trends in the frequency, location, cause, land ownership, and type of conflict so 
that conflict prevention efforts can be prioritized and directed at areas and user‐groups more 
effectively.  
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Chapter 5 – Implementation and Evaluation 

Upon implementation of this Conservation Strategy, the NCDE Coordinating Committee will replace the 
current NCDE Grizzly Bear Subcommittee.  The Coordinating Committee will coordinate and evaluate 
implementation of this Conservation Strategy, promote the exchange of data and information about the 
NCDE grizzly bear population among agencies and the public, and make recommendations to the 
management agencies regarding implementation of this Conservation Strategy.  The NCDE Coordinating 
Committee will inform the IGBC about the NCDE grizzly bear population.  The Coordinating Committee is 
not a decision‐making body, although it may provide recommendations to member agencies from time 
to time.  This Coordinating Committee does not supersede the authority of the management agencies 
beyond the specific actions agreed to as signatories to this Conservation Strategy.  
 

NCDE COORDINATING COMMITTEE MEMBERSHIP, ROLES, AND RESPONSBILITIES 

NCDE Coordinating Committee membership will consist of representatives from the following entities: 
 
Federal     National Park Service:  Glacier National Park (one member) 

U.S. Forest Service:  Flathead, Lewis and Clark, Helena, Lolo, and Kootenai 
National Forests. (two members total for the five National Forests) 
Bureau of Land Management:  (Butte, Lewistown, and Missoula Field Offices. 
(one member total for the three Field Offices) 

       
State of Montana  Montana Department of Fish, Wildlife & Parks (two members) 

Montana Department of Natural Resources and  Conservation (one member) 
County representative appointed by the Montana Association of Counties (one 
member)    

 
Tribes      Blackfeet Nation (one member) 
      Confederated Salish & Kootenai Tribes (one member) 
 
NCDE Coordinating Committee roles include: 

• Establish meeting rules, committee procedures, and chairperson election rules including how 
the group comes to consensus on areas of disagreement. 

• Seek funding to further the conservation of the NCDE grizzly bear by implementing this 
Conservation Strategy. 

• Communicate with the public about management decisions and annual monitoring reports. 
• Appoint members to the NCDE Monitoring Team and Information and Education Team. 
• Appoint, as needed, science teams, task forces, or other sub‐committees to analyze or make 

recommendations regarding specific grizzly bear management issues.  
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Primary NCDE Coordinating Committee activities include: 
• Coordinate implementation of this Conservation Strategy across the numerous agency 

jurisdictions and Tribal governments within the NCDE. 
• Ensure that population and habitat data are collected and reported, as agreed to in this 

Conservation Strategy, and evaluated to assess current status of the grizzly bear population 
• Ensure annual monitoring reports are made publicly available. 
• In a coordinated fashion, share information and implement management actions. 
• Use adaptive management to recommend revisions or amendments to the Conservation 

Strategy standards, guidelines, and/or monitoring procedures based on biological data, the best 
available science, and/or new techniques.  Any such amendments will be subject to public 
review and comment.   

• Identify management, research, and financial needs and prioritize these to successfully 
implement the Conservation Strategy. 

• In specific circumstances related to the developed site standard or if requested by a 
Coordinating Committee member, the Coordinating Committee will provide a “position 
statement.” 6  A position statement would be a brief (e.g., 1‐2 pages) assessment of the 
appropriateness of a proposed action relative to its impact on the entire NCDE population.  If 
there is disagreement among Coordinating Committee members about the impacts to the 
grizzly bear population, the position statement would contain the viewpoints of both sides. 
While respective management agencies possess the sole authority to make decisions regarding 
grizzly bears within their jurisdictions, these position statements will communicate the NCDE 
Coordinating Committee’s recommended course of action.  

 
NCDE COORDINATING COMMITTEE – OPERATING PROCEDURES 

Within 30 days of a final rule delisting the NCDE grizzly bear population, the signatories to this 
Conservation Strategy will name their agency representatives to the NCDE Coordinating Committee.  
This Committee does not supersede the authority of its member agencies. 
 
The person serving as chairperson of the NCDE Subcommittee, if and when a final rule changing status is 
published, will call the first meeting of the NCDE Coordinating Committee.   

• At the first meeting, the NCDE Coordinating Committee will elect a chairperson.  Chairpersons 
will be elected at intervals determined by the members of the NCDE Coordinating Committee.   

• The NCDE Coordinating Committee will meet at least one time each year, with additional 
meetings as needed and agreed to by a majority of the Committee.  Public notification of these 
meetings will be made by the chairperson or her/his representative.   The details on locations 
and times of meetings and other business issues associated with the functioning of the NCDE 
Coordinating Committee will be determined at the first meeting. 

• Signatory agencies and Tribes will support the participation of their representatives. 

                                                            
6 There are 2 circumstances that would lead to a position statement being issued by the NCDE Coordinating 
Committee:  (1) if a proposed increase in the number of developed sites did not meet the Application Rules or (2) if 
a Coordinating Committee member requested a position statement for a specific project or proposal.  
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REVISING THIS CONSERVATION STRATEGY 

 
Once adopted by the agencies, this Conservation Strategy’s standards, guidelines, and/or monitoring 
procedures may only be changed through a clear demonstration of need based on biological data, the 
best available science, and/or new techniques.  Any such amendments will be subject to public review 
and comment, must be in writing, and must be signed by each signatory to this Conservation Strategy.  
Ultimately, any such changes would be guided by and consistent with the agreements reached in this 
Strategy and its overall goal to maintain a recovered grizzly bear population in the NCDE and conserve 
its habitat.   

   
NCDE COORDINATING COMMITTEE – IMPLEMENTATION STRUCTURE 

The NCDE Monitoring Team  

In order to understand the status of grizzly bears throughout the NCDE and formulate appropriate 
management strategies and decisions, there is a need for centralized responsibility to collect, manage, 
analyze, and distribute science‐based information on grizzly bear trend, distribution, survival, mortality, 
conflicts, and habitat conditions.  To meet this need, an NCDE Monitoring Team would be established to 
provide annual monitoring data to the Coordinating Committee as well as the USFWS (as required by 
Section 4(g)(1) of the ESA for the first five years after delisting any species).  The NCDE Monitoring Team 
would consist of scientists representing GNP, USFS, BLM, MFWP, DNRC, the Blackfeet Nation, and the 
Confederated Salish and Kootenai Tribes.  Other scientists can be added to the Monitoring Team with 
the agreement of the Coordinating Committee.   

MFWP will oversee population monitoring, following procedures established since 2004.  MFWP will 
house, manage, and share the grizzly bear population database within the structure defined by the 
Monitoring Team.  The land management agencies (i.e., the USFS, BLM, or GNP) will house the 
maintained spatial GIS data to support analysis of the motorized access, developed site, and livestock 
habitat standards.  These databases and GIS layers will be available to all participating agencies for 
analyzing impacts from proposed projects.  An MFWP and a USFS representative will serve as co‐chairs 
of the Monitoring Team and will call meetings as needed.  Signatory agencies and Tribes will support the 
participation of their representatives.    

MFWP will prepare an annual demographic monitoring report with staff support from participating 
agencies.   This annual monitoring report will provide information about demographic monitoring 
efforts, mortality management, bear‐human conflicts and conflict response efforts.  The Monitoring 
Team will also produce an annual report on habitat standards and monitoring results for motorized 
access, developed sites, livestock allotments, and other habitat parameters on the schedules described 
in Ch. 3 of this Conservation Strategy.  Agencies and Tribes responsible for monitoring major population 
and habitat parameters are listed in Appendix 15.  Monitoring results and analyses will be presented by 
the Monitoring Team to the NCDE Coordinating Committee at their annual meeting.   
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To adequately assess habitat conditions, adherence to the habitat standards, and report on the habitat 
monitoring items identified in this Conservation Strategy, the use and intensive maintenance of GIS 
databases are required.  Computer technology is constantly changing and assessment protocols must be 
updated as software and hardware are replaced.  The GIS databases used to evaluate habitat 
parameters require continual updating, reevaluation, and testing.  A coordinated approach to database 
maintenance and management is necessary for ongoing success.  Members of the Monitoring Team will 
include identified biologists and GIS specialists from the signatory agencies and Tribes.  All participating 
agencies would commit to seeking and sharing funding responsibilities for a GIS database manager 
position at levels similar to current levels. 
 
 As detailed in the monitoring sections of this Conservation Strategy, the NCDE Monitoring Team will: 

• Coordinate grizzly bear data collection and analysis; 
• Prepare annual monitoring reports with staff support from relevant agencies;   
• Present monitoring results and analysis to the NCDE Coordinating Committee annually;   
• Provide technical support to agencies and Tribes responsible for the immediate and long term 

management of grizzly bears in the NCDE to assist with project impact analyses.7   
• Coordinate updates and maintenance of the motorized access, developed sites, and livestock 

allotments databases. 
• Document and report any changes in motorized access route density, levels of Secure Core 

habitat, developed sites and their capacity, livestock allotments, and permitted sheep numbers 
biennially, according to the monitoring schedules described in Ch. 3 of this Conservation 
Strategy. 

• Ensure that all cooperators have the tools and training to evaluate motorized access route 
density and Secure Core habitat for projects. 

• Evaluate the need for updating or changing the methods used to evaluate habitat parameters 
and make recommendations to the NCDE Coordinating Committee on such changes, as 
necessary. 

• Set and maintain standards, definitions, values, formats and processes for collecting and 
updating habitat data and assessment models consistently across jurisdictions. 

 
The Information and Education Team 

Successful maintenance of a recovered NCDE grizzly bear population requires joint understanding of 
issues, sharing of knowledge (including new science and results of monitoring), and open 
communication among agencies, Tribes, elected officials, non‐governmental organizations, and the 
public.  Members of the Information and Education Team will be appointed by the Coordinating 
Committee and will include information and education specialists from signatory agencies and Tribes.  

The goals of the Information and Education Team are: 
                                                            
7  The NCDE Monitoring Team is not responsible for completing impact analyses for projects proposed by any 
agency; such analyses are the responsibility of the agency making the proposal unless otherwise negotiated.  
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• Increase understanding of grizzly bears and their habitat. 
• Increase public support for and compliance with agency management actions to maintain a 

secure NCDE grizzly bear population. 
• Increase public knowledge about how to prevent encounters and conflicts. 
• Increase public knowledge about the effectiveness and proper use of bear spray. 
• Utilize all possible technology and media resources to help decrease grizzly bear/human 

conflicts while still maintaining maximum access to natural resources for humans and grizzly 
bears. 

• Foster information sharing to ensure maximum resource, policy, and scientific informational 
exchange among agencies, Tribes, elected officials, interest groups, local residents, and the 
public. 

• Provide for meaningful public involvement through a variety of methods to inform the public 
about agency decisions relating to grizzly bear habitat and population management activities 
and other management actions that may affect local residents, landowners, and other users. 

 
EVALUATION AND CONSEQUENCES RELATED TO MONITORING RESULTS. 

The evaluation of the effectiveness of grizzly bear conservation measures detailed in this Conservation 
Strategy will be an ongoing process shared by all members of the NCDE Coordinating Committee and 
based on the results presented in the Monitoring Team’s annual reports.  If there are deviations from 
any of the population or habitat standards stipulated in this Conservation Strategy, a Management 

Review will be completed by a team of scientists appointed by the members of the Coordinating 
Committee.   

A Management Review will be triggered by any of the following criteria: 
• failure to meet any of the demographic standards for female survival, distribution, or mortality 

limits; 
• failure to meet any of the habitat standards for motorized route densities or Secure Core 

habitat, as specified in the Application Rules in Chapter 3; 
• failure to meet the standards for developed sites or livestock allotments in any given year; 
• failure by a participating agency to provide adequate habitat or population data from their 

jurisdiction to meaningfully assess adherence to the habitat or population standards in this 
Conservation Strategy. 

 
Description of the Management Review 

Under this Conservation Strategy, a Management Review is a process carried out by a team of scientists 
appointed by the NCDE Coordinating Committee.  A Management Review examines management of 
habitat, populations, or efforts of participating agencies and Tribes to complete their required 
monitoring.  The purposes of a Management Review are: 

• To identify the reasons why particular demographic, habitat, or funding objectives were not 
achieved; 



NCDE Grizzly Bear Conservation Strategy            April 2013 

108 
 

• To assess whether a deviation from demographic, habitat, or funding objectives constituted a 
biological threat to the grizzly bear population in the NCDE; 

• To provide management recommendations to correct deviations from habitat or population 
standards, or to offset funding shortfalls (estimates of funding needs are shown in Appendix 
16); 

• To consider departures by one or more agencies or Tribes from the monitoring effort required 
under this Conservation Strategy and to develop plans to ensure that monitoring efforts be 
maintained as per the standards in this document, or; 

• To consider and establish a scientific basis for changes/adaptations in management due to 
changed conditions in the ecosystem.   

Management Reviews would normally be undertaken after the annual summary of monitoring 
information presented to the NCDE Coordinating Committee and in response to identified deviations 
from criteria listed above.  Any NCDE Coordinating Committee member can request that a Management 
Review be initiated.  This would be a topic for discussion by the NCDE Coordinating Committee and the 
review would be initiated based on their decision.  The Management Review process would be 
completed within six months of initiation and the resulting written report presented to the NCDE 
Coordinating Committee and made available to the public.   
 
Individual agencies on the NCDE Coordinating Committee will respond to the Management Review with 
actions that address the deviations from the population or habitat standards, if warranted and if 
possible.  
  

Description of Petition for Relisting 

Under Section 4 of the ESA, an individual or an organization can petition the USFWS to change the listed 
status of a species.  If the petition were determined to be warranted, it would initiate a status review by 
the USFWS.  A status review evaluates all factors affecting the population and results in a finding 
published in the Federal Register about whether protection under the ESA is warranted.  For a petition 
to be considered warranted, it must present credible scientific information to support its conclusions.  If 
the NCDE Coordinating Committee determines there are imminent threats to the NCDE grizzly bear 
population that threaten its long‐term viability and cannot be managed adequately through the post‐
delisting management structure, it would petition the USFWS for relisting under the ESA.  Because a 
petition from the NCDE Coordinating Committee would be accompanied by firsthand biological data 
regarding the population and its habitat, such a petition would trigger a status review by the USFWS.  
Alternatively, the USFWS can initiate a status review at any time to determine if the grizzly bear in the 
NCDE should be re‐listed based on concerns about the population and/or its habitat.   
 
 
If, as the result of the status review or a petition for relisting, the population is found to be warranted 
for listing, as per the criteria of the ESA in Section 4(a)(1), then the species could be immediately 
considered for relisting or could be relisted under emergency regulations, per Section 4(b)(7), if the 
threat were severe and immediate.  The USFWS may also unilaterally consider emergency relisting at 
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any time, without the completion of a status review.  The ESA is very clear that relisting of a previously 
listed species shall be promptly undertaken if needed to prevent a significant risk to the well being of 
any recovered and delisted species (Section 4(g)(2)).  Should such a situation exist, the relisting would be 
considered a high priority and would not be impacted by the listing backlog.   
 

Criteria That Would Require the USFWS to Make a Decision about “Emergency Relisting”  

 
In the event that unforeseen circumstances result in an unexpected, severe decline of the NCDE grizzly 
bear population, as defined by the criteria below, the USFWS will exercise its discretion to make an 
emergency re‐listing decision within 30 days of receiving notification that any of these criteria have been 
met or exceeded.  The USFWS retains all decision making discretion to determine if there is an 
emergency posing a significant risk to the well‐being of the species and may determine that emergency 
re‐listing is not warranted, but the USFWS will nevertheless make a decision within 30 days of 
notification.  The USFWS also retains discretion to initiate a review of whether emergency listing is 
warranted based on factors other than the criteria identified below.  If the USFWS determines that 
emergency re‐listing is warranted, it will make prompt use of the ESA’s emergency listing provisions. 
Biological criteria that would require the USFWS to make a decision about whether emergency re‐listing 
is necessary are: 

1) If a credible population estimate showed the population was less than 5008 in the combined 
area of the PCA and Zone 1; or 

2) If the most recent two 6‐year pooled datasets showed independent female survival was less 
than 0.85 for two consecutive 6‐year periods, as reported by the Monitoring Team; or   

3) If the most recent three 6‐year pooled datasets showed a declining population trend9 of at least 
5%  for three consecutive time periods (e.g., 2005‐2010, 2006‐2011, 2007‐2012), as reported by 
the Monitoring Team. 

 

                                                            
8 Miller and Waits (2003) identified 400 as an adequate population size to minimize the chances that genetic 
factors will have a substantial effect on the viability of an isolated grizzly bear population for at least several 
decades.  Because the NCDE grizzly bear population is well connected to Canadian populations, we used a 
conservative approach in identifying 500 as a criterion.     
9 Although population trend (i.e., lambda) is not included as a demographic standard, it will be reported annually 
using the methods of Mace et al. (2012) to pool together the previous 6 years of data, or other appropriate 
methods. 
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Chapter 6 – Regulatory and Conservation Framework 

The management of grizzly bears and the habitats they require for survival are dependent upon the 
laws, regulations, agreements, and management plans of the State, Tribal, and Federal agencies in the 
NCDE.  This chapter documents the regulatory mechanisms and conservation framework that will 
maintain a recovered grizzly bear population in the NCDE.  These laws, regulations, and agreements 
provide the legal basis for coordinating management,  controlling mortality, providing secure habitats, 
managing grizzly bear/human conflicts, regulating hunters and hunting seasons, limiting motorized 
access where necessary, controlling livestock grazing, regulating oil and gas development, mitigating 
large scale mining operations, maintaining education and outreach programs to prevent conflicts, 
monitoring populations and habitats, and requesting management and petitions for relisting when 
necessary.    
 
Grizzly bear populations declined in part due to the lack of regulatory mechanisms to control take and 
protect habitat.  Specifically, agencies could not develop effective management programs because they 
lacked data on population trends, habitat conditions, population size, annual mortality, and 
reproductive rates (40 FR 31734‐31736, July 28, 1975).  Delisting of the grizzly bear will remove the 
regulatory certainty provided by the ESA that prohibits the take of grizzly bears and the requirement 
that Federal agencies consult with the USFWS on projects that may affect grizzly bear habitat.   In the 
absence of this regulatory framework, the USFWS must demonstrate that: 

1) Adequate regulatory mechanisms are available for protecting grizzly bears after delisting;  
2) These mechanisms  will be effective in maintaining the recovered status of the grizzly bear; and  
3) Any selected mechanisms will be carried forward into the foreseeable future with reasonable 

certainty.   

This chapter documents the mechanisms to conserve grizzly bears in the NCDE that would continue to 
exist if/when they are removed from the ESA’s Federal List of Endangered and Threatened Wildlife.  
Regulatory mechanisms relevant to grizzly bears consist primarily of Federal laws, regulations, USFS and 
BLM Resource Management Plans, GNP’s Superintendent’s Compendium, HCPs, and State laws.  Other 
conservation mechanisms include Tribal and State grizzly bear management plans and other guidelines 
that coordinate management, population monitoring, and mortality control.   

The National Forest and BLM Resource Management Plans, the Glacier National Park Superintendent’s 
Compendium, the DNRC Habitat Conservation Plan, Tribal Forest Management Plans, Montana Code 
Annotated (MCA), and Administrative Rules of Montana (ARM) are regulatory mechanisms that are 
legally enforceable.  These dictate how grizzly bear population and habitat management will occur, and, 
in doing so, they serve to ensure against excessive grizzly bear mortality by minimizing human‐caused 
mortality risk.  Our intent is to have signatories of this Conservation Strategy representing the land 
management agencies incorporate the habitat standards and guidelines described in this Conservation 
Strategy into their respective management plans.  Standards are mandatory constraints on project and 
activity decision making whereas guidelines are constraints that allow for departure from their terms, so 
long as the purpose of the guideline is met (77 FR 21162, April 9, 2012).  Guidelines in this Conservation 
Strategy serve to mitigate and minimize undesirable effects to grizzly bears or their habitat.  Because 
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amending or revising management plans will require an analysis under NEPA for some agencies, the 
USFWS will not sign the Conservation Strategy until this NEPA process is complete and satisfactory.   
Decisions will be made to ensure grizzly bear conservation in the foreseeable future.  Conversely, 
implementation of this Conservation Strategy will be contingent on the USFWS determining the grizzly 
bear in the NCDE no longer meets the definition of threatened or endangered under the Endangered 
Species Act.   

FEDERAL LAWS 

Glacier National Park Enabling Act, 16 U.S.C. § 161 et seq.   An Act of Congress on May 11, 1910 
established Glacier National Park as a public park for the benefit and enjoyment of the people and for 
the preservation of the park in a state of nature and for the care and protection of the fish and game 
within its boundaries.  GNP comprises 17.3% of the NCDE’s PCA for grizzly bears.   

What it means to grizzly bears:  In an act that pre‐dates the creation of the National Park 
Service, Congress created Glacier National Park in recognition of the unique scenic and natural 
values of the area.  The Act directed the Secretary of Interior to promulgate such rules and 
regulations necessary to preserve these values for future generations.   The Act clearly states 
that the park will be maintained in a natural state with its wildlife protected.  Glacier National 
Park continues to work to fulfill this directive by implementing rigorous protection programs, as 
is evident by maintenance of a large population of grizzly bears for decades. 

National Park Service Organic Act, 1916. The National Park Service...shall promote and regulate the 
use...by such means as... to conserve the scenery and the natural and historic objects and the wild life 
therein and to provide for the enjoyment of the same in such a manner...as will leave them unimpaired 
for future generations. 16 U.S.C. §1  

What it means to grizzly bears:  This act created a National Park Service to administer National 
Parks.  In this act Congress specifically directs the Park Service to conserve natural values and to 
prevent their impairment.  Modern interpretations of the act assume that principles of 
ecosystem management will be applied.  Such principles require the maintenance of fully 
functional ecological systems of which large predators like grizzly bears are integral 
components.  This interpretation precludes the Park Service from engaging in any activity that 
would result in the loss or substantial diminishment of any native species in a National Park, 
including grizzly bears. 

The Wilderness Act, 1964, 16 U.S.C. 1131‐ 1136.  The Forest Service and National Park Service both 
manage lands designated or proposed as wilderness areas under the Wilderness Act of 1964 (16 U.S.C. 
1131– 1136). Within these areas, the Wilderness Act states the following: (1) New or temporary roads 
cannot be built; (2) there can be no use of motor vehicles, motorized equipment, or motorboats; (3) 
there can be no landing of aircraft; (4) there can be no other form of mechanical transport; and (5) no 
structure or installation may be built.  The Wilderness Act allows livestock allotments existing before the 
passage of the Wilderness Act and mining claims staked before January 1, 1984, to persist within 
Wilderness Areas, but no new grazing permits or mining claims can be established after these dates.  If 
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preexisting mining claims are pursued, the plans of operation are subject to Wilderness Act restrictions 
on road construction, permanent human habitation, and developed sites.   

What it means to grizzly bears:  Over 30% (1,728,184 acres; 6,994 sq km) of grizzly bear habitat 
inside the PCA is within Federal and Tribal Designated Wilderness Areas.  As such, a large 
proportion of existing grizzly bear habitat is protected from direct loss or degradation by the 
prohibitions of the Wilderness Act.  These Wilderness Areas are considered long‐term secure 
habitat because they do not allow motorized access and are protected from new road 
construction, site developments, livestock allotments, mining claims, and energy development 
by Federal legislation. 

 
Lacey Act, 16 U.S.C.  § 3371 et seq.  This Act makes it illegal to import, export, transport, sell, receive, 
acquire, or purchase any fish or wildlife or plant taken or possessed in violation of any law, treaty or 
regulation  of the United States or in violation of any Indian Tribal law; and to import, export, transport, 
sell, receive, acquire, or purchase in interstate or foreign commerce any fish or wildlife taken, 
possessed, transported, or sold in violation of any law or regulation of any state or in violation of any 
foreign law. 18 U.S.C. §§42‐43.  

What it means to grizzly bears:  The primary focus of the Lacey Act is the prohibition of 
interstate and international trafficking in protected wildlife.  In the absence of ESA protection, 
other State, Federal, and Tribal laws remain that endeavor to protect grizzly bears or regulate 
hunting of the bears.  Therefore, the species would continue to be protected by provisions 
specified under the Lacey Act because it is tied to the wildlife‐related laws of Montana, Canada, 
and Tribal entities.  Violators of the Lacey Act can face civil fines up to $10,000, forfeiture of 
wildlife and equipment, and criminal penalties up to five years’ incarceration and maximum 
fines of $250,000 for individuals and $500,000 for organizations.  There have been several 
instances of convictions in North America due to violations of the Lacey Act with regard to 
grizzly bears.  These violations included illegal purchase of live bears, selling bear gall bladders, 
improper tagging of harvested bears, and illegal killing of bears.  The Lacey Act will continue to 
apply to  individuals or parties involved in such activities regardless of the status of grizzly bears 
under the ESA. 

Fish and Wildlife Coordination Act, 16 U.S.C.  §661‐666c.  This Act relates to wildlife associated with 
water resource development.  This Act also authorizes that lands and waters may be acquired by Federal 
construction agencies for wildlife conservation to mitigate water projects in order to preserve and 
assure for the public benefit the wildlife potential of the particular water project area.   

What it means to grizzly bears:  The Fish and Wildlife Coordination Act requires that fish and 
wildlife conservation be given equal consideration with other aspects of water resource 
development.  Consultation with USFWS is required if any modification of a stream or other 
water body is proposed by an agency under a Federal permit or license.  In the absence of ESA 
protection, potential impacts to grizzly bears from a proposed project would still need to be 
evaluated.  This Act also authorizes the preparation of plans to protect wildlife resources in the 
event that a water resource development project is undertaken.  For example, mitigation plans 
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for hydroelectric projects within the range of the grizzly bear must consider potential impacts to 
the species and recommend mitigation measures.  If any water resource development projects 
are proposed that have the potential to impact grizzly bears in the area, those impacts must be 
addressed. 

National Wildlife Refuge Administration Act and 1997 Refuge Improvement Act. 16 U.S.C. §668dd et 
seq.  The charter for the refuge system establishes a clear statutory goal of conservation, defined in 
ecological terms.  The USFWS is directed by statutory mission to sustain, restore and enhance healthy 
populations of fish, wildlife, and plants on system lands.  The USFWS may not permit uses to occur 
where they are incompatible with the conservation purpose of the system and economic uses must 
contribute to attaining the conservation mission.   Statues require the USFWS to maintain “biological 
integrity, diversity, and environmental health” on the refuges. 

What it means to grizzly bears:  The mission of the refuge system is conservation, defined as 
being for animals, plants, and their habitats.  This is in contrast to the more complex multiple‐
use, sustained yield missions that also seek to provide commodities extracted from other public 
lands.   Further, by statue, the USFWS may not permit uses to occur where they are 
incompatible with conservation of wildlife and their habitat.  These laws provide strong 
protections for grizzly bears and their habitat where they occur on refuge lands.  In the PCA and 
Zone 1, the refuge system includes 22,072 acres of land.    

Sikes Act, 16 U.S.C. §670g.  The Secretaries of Agriculture and Interior and the State agencies will 
cooperate with the Department of Defense under this Act to plan, develop, maintain, and coordinate 
programs for the conservation and rehabilitation of wildlife, fish and game. These programs shall 
include, but not be limited to, specific habitat improvements projects and related activities and provide 
adequate protection for species considered threatened or endangered pursuant to Section 4 of the ESA. 

What it means to grizzly bears:  The Sikes Act requires the Department of Defense to develop 
and implement integrated natural resource management plans for U.S. military installations.  
Plans must consider fish, wildlife, and habitat needs; and are prepared in cooperation with the 
USFWS and state wildlife agencies.  In the absence of ESA protection for the grizzly bear, 
requirements under the Sikes Act would still need to be met.  The nearest major installations are 
Malmstrom Air Force Base in Great Falls, Montana and Fairchild Base near Spokane, 
Washington.  Smaller facilities include Fort Missoula near Missoula, Montana and Fort William 
Henry Harrison near Helena, Montana.  Resource plans for these installations that may have 
impacts on grizzly bears have been and will continue to be reviewed under the Sikes Act, post‐
delisting. 

Multiple Use Sustained Yield Act, 16 U.S.C. §§528‐531. It is the policy of the Congress that the National 
Forests are established and shall be administered for outdoor recreation, range, timber, watershed and 
wildlife and fish purposes.  As used in this Act, "Multiple Use" means the management of all the various 
resources of the National Forests so that they are utilized in the combination that will best meet the 
needs of the American people.  It requires National Forests to make the most judicious use of the land 
for some or all of these resources or related services over areas large enough to provide sufficient 
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latitude for periodic adjustments in use to conform to changing needs and conditions.  It allows for some 
land to be used for less than all of its resources while institutionalizing coordinated management of the 
various resources, without impairment of the productivity of the land, with consideration being given to 
the relative values of the various resources.  It also allows management for multiple uses that may not 
necessarily provide the greatest dollar return or the greatest unit output. 

What it means to grizzly bears:  This means that while grizzly bear habitat will be managed 
according to the intent of this Conservation Strategy, the USFS must also balance the needs of 
grizzly bears with a combination of other, sometimes competing, land uses.  The Multiple Use 
Sustained Yield Act applies to lands managed by the USFS, or approximately 60.9% (3,840,415 
acres) of the PCA within the NCDE.   

National Environmental Policy Act, 42 U.S.C. §§ 4321‐4370(f) (NEPA).  NEPA applies to federal agencies 
and requires those agencies to consider the environmental impacts of its decisions before taking federal 
actions.  It requires agencies to take a “hard look” at the projected environmental impacts of a proposed 
action.  The twin goals of NEPA are to provide for informed decision‐making about the environmental 
effects of proposed actions and to make known those impacts to the public so that their views may be 
expressed.   NEPA is a procedural statute.  It does not dictate a result.  Agencies must consider a range 
of alternatives to a proposed project, each with different levels of impacts.  In addition to public review, 
NEPA requires federal agencies to coordinate or consult with each other prior to making decisions.   
 

What it means to grizzly bears:  NEPA ensures that any project occurring on federally managed 
lands, requiring Federal permits or involving expenditures of Federal funds will involve analysis 
and disclosure of potential environmental impacts.  It uses a multidisciplinary approach to 
consider environmental effects in federal government agency decision making.  It applies to a 
wide range of land use actions, including most land use plan revisions and amendments.  It 
ensures that impacts to wildlife, including grizzly bears, from activities  proposed on National 
Forest or other Federal lands will be analyzed  in advance.  It also ensures that decisions will be 
subject to some level of public review.   

 
Endangered Species Act, 16 U.S.C. § 1531‐1599. (ESA)  The ESA requires the Secretary of the Interior to 
list species that are either endangered or threatened with extinction.  The listing determination is based 
on the analysis of five factors.  . If one or more of those criteria are met, it qualifies for listing as 
threatened or endangered. Listed species receive legal protection against “taking,” which includes 
harassment, harm, hunting, killing and significant habitat modification or degradation.   A major goal of 
the ESA is to recover endangered or threatened species to the point they can be removed from the list.  
In order to delist a species, the USFWS must review those same five factors  to determine whether any 
one of them continues to threaten or endanger a species.    Thus, the USFWS must  find that:  a) the 
species' habitat or range is not threatened with destruction, modification or curtailment, b) the species 
is not being over utilized for commercial, recreational, scientific or educational purposes, c) disease and 
predation are not significant problems, d) there are adequate regulatory mechanisms in place, and e) 
there are no significant other natural or manmade factors affecting the continued existence of the 
species.  The USFWS must monitor recovered species for not less than five years after the species is 
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delisted and no longer protected under the ESA.  Both listing and delisting decisions must be based 
solely on the best available scientific and commercial information regarding a species’ status, without 
reference to economic or other factors.  The ESA authorizes a landowner to develop an HCP to minimize 
and mitigate, to the maximum extent practicable, any impact to threatened and endangered species 
while conducting lawful activities on their lands.  An HCP may continue to apply even after a species is 
delisted.  The USFWS has the authority to issue emergency regulations any time there is a significant risk 
to the well‐being of an animal.  Emergency rules may take effect immediately upon publication in the 
Federal Register.  The emergency rule must explain in detail the reasons why such a regulation is 
necessary.  The USFWS must withdraw the rule if it determines it is no longer necessary, based on the 
best scientific and commercial data available.   

What it means to grizzly bears:  The ESA governs the process for listing and delisting.  If grizzly 
bears are removed from the Federal List of Threatened and Endangered Wildlife (i.e., 
“delisted”), the USFWS will continue to monitor the status of grizzly bears in the NCDE.  Any HCP 
developed while grizzly bears were listed remains in effect for the life of the Plan, regardless of 
listed status.  The USFWS must respond to any petitions for re‐listing received and maintains the 
authority to emergency re‐list at any other time if conditions warrant.  

National Forest Management Act (NFMA) of 1976, 16 U.S.C. § 1600, et seq.  NFMA provides the legal 
basis and direction for development of National Forest Resource Management Plans.  It legally requires 
that standards in Forest Plans are met.  NFMA specifies that the National Forest System be managed to 
provide for diversity of plant and animal communities to meet multiple use objectives.  Subsequent 
regulations for planning land and resource management (36 CFR 219), adopted in 1982 and modified in 
2012 (77 FR 21162, April 9, 2012), require the USFS to manage habitats to maintain viable populations of 
species of conservation concern.  NFMA applies to lands managed by the USFS, or approximately 60.9% 
(3,840,415 acres) of the PCA within the NCDE. 

What it means to grizzly bears:  This directs the USFS to create legally binding Land 
Management Plans that can regulate human activities (i.e., motorized route densities, 
developed sites, livestock allotments) on National Forest lands.  Limiting these activities is the 
crux of successful grizzly bear habitat management and directly reduces human‐caused 
mortality.  

Federal Land Policy and Management Act (FLPMA) of 1976.  This law applies to BLM lands and states 
they will be managed in a manner that will protect the quality of scientific, scenic, historical, ecological, 
environmental, air and atmospheric, water resource, and archeological values...that will provide food 
and habitat for fish and wildlife and domestic animals, and that will provide for outdoor recreation and 
human occupancy and use.  FLPMA is also the law that gives the BLM authority to designate “Wilderness 
Study Areas” on their lands and manage these areas “in a manner so as not to impair the suitability of 
such areas for preservation as wilderness.”  Similar to the Wilderness Act of 1964, FLPMA allows “the 
continuation of existing mining and grazing uses and mineral leasing” which were in existence on or 
before October 21, 1976.  43 U.S.C. §§ 1701‐1777. 
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What it means to grizzly bears:  Grizzly bears are a natural resource that fall under the FLPMA’s 
umbrella of management guidelines which decrees that the resources required by grizzlies, and 
other species, will be provided for through appropriate management and with consideration for 
other land assets.  The BLM will manage the natural elements that are necessary for grizzlies 
and other wildlife. 

 
Fish and Wildlife Improvement Act, 16 U.S.C. § 742(a).  This law authorizes the Secretaries of the 
Interior and Commerce to establish, conduct, and assist with national training programs for State fish 
and wildlife law enforcement personnel.  It also authorized funding for research and development of 
new or improved methods to support fish and wildlife law enforcement.  The law provides authority to 
the Secretaries to enter into law enforcement cooperative agreements with State or other Federal 
agencies, and authorizes the disposal of abandoned or forfeited items under the fish, wildlife, and plant 
jurisdictions of these Secretaries.  It strengthens the law enforcement operational capability of the 
Service by authorizing the disbursement and use of funds to facilitate various types of investigative 
efforts.  It expanded the use of fines, penalties and forfeiture funds received under the ESA and the 
Lacey Act to include the costs of shipping, storing and disposing of items. It specifically prohibits the sale 
of items whose sale is banned under other laws.  

What it means to grizzly bears:  Law enforcement cooperative agreements between Federal 
agencies, Montana and the Tribes will assist in efforts to control illegal activities directed at 
grizzly bears.  

The National Parks Omnibus Management Act of 1998, 16 U.S.C. § 5901, et seq.  This Act requires the 
Secretary of Interior to improve management, protection, interpretation and research of NPS resources.  
It also requires the Secretary to develop comprehensive training for NPS employees.  It identifies the 
need to enhance management and protection of national park resources by providing clear authority 
and direction for the conduct of scientific study in the National Park system and to use the information 
gathered for management purposes. 

What it means to grizzly bears:  This law provides further support for GNP to use scientific 
research to monitor and manage grizzlies within their boundaries.  

Tax Relief and Health Care Act of 2006, PL 109‐432.  This law withdrew lands on the Lewis and Clark 
National Forest and some areas of the Flathead National Forest from any future leasing under the 
mining laws and mineral leasing laws permanently.  While this law prohibited the establishment of new 
leases, it did not eliminate leases that existed at the time the law was passed. 

What it means to grizzly bears:  This law means that nearly all USFS and BLM lands in the NCDE 
with a high potential for oil and gas development are legally unavailable to such development 
(Figure 3).  

National Indian Forest Resource Management Act (25 U.S.C, Ch. 33).  This Federal law requires a forest 
management plan for Indian forest lands to describe the manner in which policies of the Tribes and 
Secretary will be applied.  It requires the silviculture plan to support the objectives of beneficial 
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landowners and be based on the principle of sustained yield.  It requires the approval of the Secretary of 
the Interior. 

What it means to grizzly bears:  Similar to NFMA for the USFS, this law provides authority for 
Indian Tribes to create management plans to regulate human activities such as livestock grazing 
(on forested lands) and road construction. 

Clean Water Act, Safe Drinking Water Act, Clean Air Act, and Resource Conservation and Recovery Act 

What it means to grizzly bears:  Together, these environmental laws provide tangential benefits 
to grizzly bears by assuring minimum levels of environmental quality are maintained.  

FEDERAL REGULATIONS 

Roadless Areas Conservation Rule, 2001.  The 2001 Roadless Areas Conservation Rule prohibits road 
construction, road re‐construction, and timber harvest in Inventoried Roadless Areas (66 FR 3244‐3273, 
January 12, 2001).   

What it means to grizzly bears:  As it stands at the time of writing, the Roadless Areas 
Conservation Rule (and subsequent Court decisions) effectively ensures that Inventoried 
Roadless Areas will be maintained in their current state in terms of road access.  This means 
these areas will continue to serve as secure areas for grizzlies away from constant or prolonged 
human presence.  This restriction on road building makes mining activities and oil and gas 
production much less likely because access to these resources becomes cost‐prohibitive or 
impossible without new roads. 

25 CFR 162.1 to .623.  This Federal regulation describes the authorities, policies, and procedures 
governing the granting of leases on Indian reservations. 

What it means to grizzly bears:  It affects grizzly bear conservation by providing for the 
regulation of the location and duration of leases of grazing units on land that contains grizzly 
bears and bear habitat.  

 

 

25 CFR 166.1.  This Federal regulation describes the authorities, policies, and procedures the Bureau of 
Indian Affairs uses to approve, grant, and administer permits for grazing livestock on Tribal land, 
individually‐owned Indian land, or government land on Indian reservations. 

What it means to grizzly bears:  It affects grizzly bear conservation by regulating livestock 
grazing on land that contains grizzly bears and bear habitat. 

36 CFR 1.2 (d).  The regulations contained in 36 CFR parts 2 through 5, part 7, and part 13 of this section 
shall not be construed to prohibit administrative activities conducted by the National Park Service, or its 
agents, in accordance with approved general management and resource management plans, or in 
emergency operations involving threats to life, property, or park resources. 
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What it means to grizzly bears:  Allows the NPS to manage grizzly bears and conduct research 
and management activities that would otherwise be prohibited. 

36 CFR 1.5 (a)(1).  Gives National Park Superintendents the authority to establish for all or a portion of a 
park area a reasonable schedule of visiting hours, impose public use limits, or close all or a portion of a 
park area to all public use or to a specific use or activity in order to protect natural resources or provide 
for human safety. 

What it means to grizzly bears:  Gives park superintendents the authority to limit specific 
activities, or human use of areas important to grizzly bears to prevent conflicts.  36 CFR 1.3 
provides penalties for violations.   

36 CFR 1.5 (a)(2).  Gives National Park Superintendents the authority to designate areas for a specific 
use or activity, or impose conditions or restrictions on a use or activity. 

What it means to grizzly bears:  Allows superintendents to prohibit or restrict park uses that 
threaten grizzly bear security or other values, with penalties for violations. 

36 CFR 1.7(b).  National Park Service Superintendents shall publish in writing all designations, closures, 
permit requirements and other restrictions imposed under discretionary authority. 

What it means to grizzly bears:  This is the ‘Superintendents Compendium’ and is a legal record 
of Glacier National Park committing to management of grizzly bears by this Conservation 
Strategy.   

36 CFR 2.2(a)(1).  Prohibits the unauthorized taking of wildlife in National Parks. 

What it means to grizzly bears:  It protects grizzly bears by making it a Federal offense to kill 
them inside a National Park. 

36 CFR 2.2(a)(2).  Prohibits the feeding, touching, teasing, frightening, or intentional disturbing of 
wildlife in National Parks. 

What it means to grizzly bears:  This regulation is an effective way to minimize human‐caused 
grizzly bear mortalities by making it illegal to contribute to their habituation or food‐
conditioning inside National Parks.  This ultimately prevents conflicts and minimizes potential 
management removals.   

36 CFR 2.10 (d).  Gives the National Park Superintendents authority to designate all or a portion of a 
park area where food, lawfully taken fish or wildlife, garbage and equipment used to cook or store food 
must be kept to avoid bear/human conflicts.  This restriction does not apply to food that is being 
transported, consumed, or prepared for consumption.  

What it means to grizzly bears:  This regulation provides National Parks the authority to 
implement and enforce food storage regulations.  This important conflict prevention tool is 
widely applied throughout bear habitat and is strictly enforced. 



NCDE Grizzly Bear Conservation Strategy            April 2013 

119 
 

36 CFR 219.  This regulation specifies that the National Forest System be managed to provide for 
diversity of plant and animal communities to meet multiple use objectives.  Subsections require that 
management prescriptions in Forest Land Management Plans provide for diversity of plant and animal 
communities while meeting multiple use objectives and maintaining viable populations of existing native 
and desired non‐native vertebrate species in the planning area.   A viable population is defined as one, 
which has the estimated numbers, and distribution of reproductive individuals to insure its continued 
existence is well distributed in the planning area.   

What it means to grizzly bears:  This regulation legally requires the USFS to design projects and 
include appropriate mitigation measures so that the viability of the grizzly bear population in the 
NCDE is not compromised.  

36 CFR 261.50 (a) and (b).  This regulation gives Forest Supervisors the authority to issue orders which 
close or restrict the use of described areas, or of any forest development road or trail within the area 
over which he has jurisdiction.   

What it means to grizzly bears:  This authority is used to close areas to minimize grizzly bear‐
human conflicts and to issue food storage, carcass storage and camping requirements. 

36 CFR 261.53 (a) and (e).  States that when provided for in an order authorized under 36 CFR 261.50 (a) 
and (b) it is prohibited to go into or be upon any area which is closed for the protection of:  (a) 
threatened, endangered, rare, unique, or vanishing species of plants, animals, birds or fish or; (b) for 
public health or safety. 

What it means to grizzly bears:  This regulation provides the USFS with the authority to restrict 
human activities and entrance at specific times and/or locations to protect grizzly bears and 
provide for public safety, if it is deemed necessary.  

36 CFR 261.58 (e) and (s) and (cc).  States that when provided for in an order authorized under 36 CFR 
261.50 (a) and (b) the following are prohibited. (a) Camping; (s) Possessing, storing, or transporting any 
bird, fish, or other animal or parts thereof as specified in the order; (cc) Possessing or storing any food or 
refuse, as specified in the order.   

What it means to grizzly bears:   This regulation provides for restricting certain human activities 
in order to minimize grizzly bear‐human conflicts and provides for visitor safety 

TRIBAL LAWS, RULES, & ORDINANCES 

Blackfeet Indian Reservation 

Tribal Ordinance 40(B) – Timber Use Policy Statement with attached Timber Product Law.  The 
Policy Statement is the driving document regulating the harvest of forest products on the 
Reservation.  The Product Law specifies the enforcement procedures and penalties for failing to 
comply with Tribal regulations. 
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What it means to grizzly bears:  This Ordinance provides Tribal authorities the authority 
to enforce conditions in their Forest Management Plans regarding road densities, food 
storage, and other provisions associated with individual projects.  Ultimately, this 
reduces the potential for grizzly bear‐human conflicts and therefore, human‐caused 
grizzly bear mortality.  

Constitution and By‐Laws For the Blackfeet Tribe of the Blackfeet Indian Reservation of 

Montana, Article VI Section 1(p).  This section of the Blackfeet Tribe’s constitution grants the 
Blackfeet Tribal Business Council the power to promulgate rules and regulations governing 
hunting, fishing, and trapping on the Blackfeet Reservation 

What it means to grizzly bears:   It is significant to grizzly bear conservation because it 
gives the Blackfeet Tribal Business Council the authority to govern hunting of grizzly 
bears on the Blackfeet Reservation.  The constitution is enforced by the Blackfeet Tribe 
and recognized and approved by the Secretary of Interior.   

 

Fish and Game Rules to Govern Fishing, Hunting, and Trapping on the Blackfeet Indian 

Reservation.  This document describes how all wildlife on the Blackfeet Indian Reservation, 
including grizzly bears, are owned and managed by the Blackfeet Tribe.  It describes the 
authority of the Blackfeet Tribe to manage wildlife and habitat on the reservation.  It contains 
regulations regarding food storage and killing grizzly bears.  It describes penalties and 
enforcement procedures.  It is enforced by Blackfeet Tribal Game Wardens.  

What it means to grizzly bears:  It applies to grizzly bear conservation by providing the 
legal basis to regulate and enforce the take of grizzly bears on the reservation and 
implementing a food storage order. 
 

Flathead Indian Reservation 

Tribal Ordinance 44D – Tribal Hunting and Fishing Conservation Ordinances 

What it means to grizzly bears:  This ordinance prohibits hunting of grizzly bears on the 
FIR by anyone except Tribal members.  Hunts for religious, cultural or spiritual purposes 
that are otherwise prohibited by regulation may be engaged in if approved by the 
appropriate Tribal Culture Committee and/or the Tribal Council.  

MONTANA STATE LAWS (MCAs) & ADMINISTRATIVE RULES (ARMs) 

MCA § 87‐1‐217. Policy for management of large predators ‐‐ legislative intent.  

(1) In managing large predators, the primary goals of the department, in the order of listed priority, 
are to:  
(a) protect humans, livestock, and pets;  
(b) preserve and enhance the safety of the public during outdoor recreational and livelihood 

activities; and  
(c) preserve citizens' opportunities to hunt large game species. 
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(2) As used in this section:  
(a) "large game species" means deer, elk, mountain sheep, moose, antelope, and mountain 

goats; and  
(b) "large predators" means bears, mountain lions, and wolves.  

(3) With regard to large predators, it is the intent of the legislature that the specific provisions of 
this section concerning the management of large predators will control the general supervisory 
authority of the department regarding the management of all wildlife.  

(4) The department shall ensure that county commissioners and tribal governments in areas that 
have identifiable populations of large predators have the opportunity for consultation and 
coordination with state and federal agencies prior to state and federal policy decisions involving 
large predators and large game species. 

What it means to grizzly bears:  This rule provides for local government involvement in large  
scale decision making relative to MFWP management of predators.  Local support and tolerance  
of grizzly bears is critical to long term grizzly conservation. 

 

MCA § 87‐1‐301. (Effective March 1, 2012) . Powers of the MFWP commission.  The commission shall 
set the policies for the protection, preservation, management, and propagation of the wildlife, fish, 
game, furbearers, waterfowl, nongame species, and endangered species of the state and for the 
fulfillment of all other responsibilities of the department [MFWP] as provided by law.  The commission 
shall also establish the hunting, fishing, and trapping rules of the department [MFWP] and review and 
approve the budget of the department prior to its transmittal to the budget office.  The commission has 
the authority to establish wildlife refuges, bird, and game preserves and is responsible to establishing 
the rules of the department governing the use of lands owned or controlled by the department and 
waters under the jurisdiction of the department. 

What it means to grizzly bears:  Allows MFWP to manage grizzly bears as part of the suite of 
wildlife within the state with the goal of species protection and preservation.      

MCA § 87‐1‐303.  Rules for use of lands and waters.  The commission may adopt and enforce rules 
governing uses of lands that are acquired or held under easement by the commission or lands that it 
operates under agreement with or in conjunction with a federal or state agency or private owner; adopt 
and enforce rules governing recreational uses of all public fishing reservoirs, public lakes, rivers, and 
streams that are legally accessible to the public or on reservoirs and lakes that it operates under 
agreement with or in conjunction with a federal or state agency or private owner. These rules must be 
adopted in the interest of public health, public safety, public welfare, and protection of property and 
public resources in regulating ….hunting, fishing, trapping….picnicking, camping, sanitation, and use of 
firearms. 

What it means to grizzly bears:  Provides authority to the MFWP Commission to set mandatory 
  food storage orders on state owned and/or managed lands in the interest of public safety, public 
  welfare and protection of property. 
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MCA § 87‐1‐304. (Effective March 1, 2012) . Fixing of seasons and bag and possession limits.   Subject 
to the provisions of 87‐5‐302, the MFWP commission may: 

(1) fix seasons, bag limits, possession limits, and season limits;  
(2) open or close or shorten or lengthen seasons on any species of game, bird, fish, or fur‐

bearing animal as defined by 87‐2‐101;  
(3) declare areas open to the hunting of deer, antelope, elk, moose, sheep, goat, mountain 

lion, bear, wild buffalo or bison, and wolf by persons holding an archery stamp and the 
required license, permit, or tag and designate times when only bows and arrows may be 
used to hunt deer, antelope, elk, moose, sheep, goat, mountain lion, bear, wild buffalo or 
bison, and wolf in those areas;  

(4) subject to the provisions of 87‐1‐301(7), restrict areas and species to hunting with only 
specified hunting arms, including bow and arrow, for the reasons of safety or of providing 
diverse hunting opportunities and experiences; and  

(5) declare areas open to special license holders only and issue special licenses in a limited 
number when the commission determines, after proper investigation, that a special 
season is necessary to ensure the maintenance of an adequate supply of game birds, fish, 
or animals or fur‐bearing animals. The commission may declare a special season and issue 
special licenses when game birds, animals, or fur‐bearing animals are causing damage to 
private property or when a written complaint of damage has been filed with the 
commission by the owner of that property. In determining to whom special licenses must 
be issued, the commission may, when more applications are received than the number of 
animals to be killed, award permits to those chosen under a drawing system. The 
procedures used for awarding the permits from the drawing system must be determined 
by the commission.  

(6) The commission may adopt rules governing the use of livestock and vehicles by archers 
during special archery seasons. 

(7) Subject to the provisions of 87‐5‐302, the commission may divide the state into fish and 
game districts and create fish, game, or fur‐bearing animal districts throughout the state. 
The commission may declare a closed season for hunting, fishing, or trapping in any of 
those districts and later may open those districts to hunting, fishing, or trapping.  

(8) The commission may declare a closed season on any species of game, fish, game birds, or 
fur‐bearing animals threatened with undue depletion from any cause. The commission 
may close any area or district of any stream, public lake, or public water or portions 
thereof to hunting, trapping, or fishing for limited periods of time when necessary to 
protect a recently stocked area, district, water, spawning waters, spawn‐taking waters, or 
spawn‐taking stations or to prevent the undue depletion of fish, game, fur‐bearing 
animals, game birds, and nongame birds. The commission may open the area or district 
upon consent of a majority of the property owners affected.  

(9) The commission may authorize the director to open or close any special season upon 12 
hours’ notice to the public. 

What it means to grizzly bears:  This law provides authority to the MFWP commission to set 
rules and regulations for grizzly bear hunting.  The MFWP commission has the authority to: fix, 
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open, close, lengthen, or shorten hunting seasons; declare hunting arms specifications; set 
possession and bag limits; set tagging and license requirements; set shooting hours; open 
special areas, and issue special licenses to manage grizzly bears through sport harvest.  The 
Commission process requires opportunity for public involvement.  

MCA § Section 87‐5‐301. (Effective March 1, 2012). Grizzly bear ‐‐ findings ‐‐ policy.  The legislature 
finds that:  (a) grizzly bears are a recovered population and thrive under responsive cooperative 
management; (b) grizzly bear conservation is best served under state management and the local, state, 
tribal, and federal partnerships that fostered recovery; and (c) successful conflict management is key to 
maintaining public support for conservation of the grizzly bear. It is the policy of the state of Montana 
to: (a) manage the grizzly bear as a species in need of management to avoid conflicts with humans and 
livestock; and (b) use proactive management to control grizzly bear distribution and prevent conflicts, 
including trapping and lethal measures. 
 

What it means to grizzly bears:  Allows state management of grizzlies as a classified species.  
Grizzly bears are currently dually classified in Montana as a game animal with no defined 
harvest season and as a ‘species in need of management’.  A ‘species in need of management’ 
classification implies the species is either in need of intense conservation or population 
management.   

MCA § Section 87‐5‐302. (Effective March 1, 2012) . Commission regulations on grizzly bears.  The 
commission has the authority to regulate the hunting of grizzly bears including establishing 
requirements: for the tagging of carcasses, skulls, and hides; for transportation, exportation, and 
importation.  The commission shall establish hunting season quotas for grizzlies that will prevent the 
population of grizzly bears from decreasing below sustainable levels and with the intent to meet 
population objectives for elk, deer, and antelope.  The provisions of this subsection do not affect the 
restriction provided in 87‐2‐702 that limits a person to the taking of only one grizzly bear in Montana per 
license. 
 

What it means to grizzly bears:  This law provides authority to the MFWP Commission to set 
rules and regulations for tagging, transportation, exportation, and importation of legally 
harvested grizzly bears and ensures that any hunting seasons set by the MFWP Commission will 
not contribute to the grizzly bear population decreasing below sustainable levels.   

MCA § Section 87‐2‐101.  Definitions.  "Game animals" means deer, elk, moose, antelope, caribou, 
mountain sheep, mountain goat, mountain lion, bear, and wild buffalo. 
 

What it means to grizzly bears:  Classifying grizzly bears as a game animal in Montana gives 
MFWP Commission the authority to implement a hunting season.  Classification as a game 
animal also makes it illegal for private citizens to kill a grizzly bear without a license and outside 
the seasons set by the MFWP Commission.  In other words, status as a game animal prevents 
unregulated take by citizens.     
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MCA § 87‐6‐202.  Unlawful possession, shipping, or transportation of game fish, bird, game animal, or 

fur‐bearing animal.  A person may not possess, ship, or transport all or part of any game fish, bird, game 
animal, or fur‐bearing animal that was unlawfully killed, captured, or taken, whether killed, captured, or 
taken in Montana or outside of Montana. 

What it means to grizzly bears:  This law makes it illegal to possess any unlawfully  
obtained part of a grizzly bear.   

 
MCA § 87‐6‐206.  Unlawful sale of game fish, bird, game animal, or fur‐bearing animal.  A person may 
not purposely or knowingly sell, purchase, or exchange all or part of any game fish, bird, game animal, or 
fur‐bearing animal..    

What it means to grizzly bears:  This law makes it illegal to sell any unlawfully  
obtained part of a grizzly bear.   

MCA § 87‐6‐106.  Lawful taking to protect livestock or person.  This law states that a citizen may kill a 
grizzly bear if it is “…attacking, killing, or threatening to kill a person.”  However, for purposes of 
protecting livestock, a person may not kill or attempt to kill a grizzly bear unless the grizzly bear is in the 
act of attacking or killing livestock.”  A person who takes wildlife based on this law shall notify the MFWP 
within 72 hours and shall surrender or arrange to surrender the wildlife to MFWP. 

What it means to grizzly bears:  By making a distinction between grizzly bears and other wildlife 
which may kill livestock, the State of Montana has provided additional protection to grizzly 
bears.  It makes this type of killing only allowed under extremely rare circumstances.  
Additionally, if a person kills a grizzly bear based on this law, there must be injured or dead 
livestock associated with it.   

 

MCA § 87‐6‐216.  Unlawful supplemental feeding.   
(1) A person may not provide supplemental feed attractants to game animals by:  

a. purposely or knowingly attracting any cloven‐hoofed ungulates, bears, or mountain 
lions with supplemental feed attractants;  

b. after having received a previous warning, negligently failing to properly store 
supplemental feed attractants and allowing any cloven‐hoofed ungulates, bears, or 
mountain lions access to the supplemental feed attractants; or  

c. purposely or knowingly providing supplemental feed attractants in a manner that 
results in an artificial concentration of game animals that may potentially contribute to 
the transmission of disease or constitute a threat to public safety.  

(2) A person is not subject to civil or criminal liability under this section if the person is engaged 
in:  
a. the normal feeding of livestock;  
b. a normal agricultural practice; 
c. cultivation of a lawn or garden; 
d. the commercial processing of garbage; or  
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e. recreational feeding of birds unless, after having received a previous warning by the 
department, the person continues to feed birds in a manner that attracts cloven‐hoofed 
ungulates or bears and that may contribute to the transmission of disease or constitute 
a threat to public safety.  

(3) This section does not apply to supplemental feeding activities conducted by the department 
for disease control purposes.  

(4) A person convicted of a violation of this section shall be fined not less than $50 or more 
than $1,000 or be imprisoned in the county detention center for not more than 6 months, or 
both. In addition, the person, upon conviction or forfeiture of bond or bail, may be subject 
to forfeiture of any current hunting, fishing, or trapping license issued by this state and the 
privilege to hunt, fish, or trap in this state or to use state lands, as defined in 77‐1‐101, for 
recreational purposes for a period of time set by the court. 

 
What it means to grizzly bears:  This law provides MFWP with a legal framework within which 
to regulate attractant storage on private lands.  It means that MFWP has a legal basis to require 
landowners to store attractants in a manner in which bears cannot access them.  

 
MCA § 87‐2‐702: Restrictions on special licenses ‐‐ availability of bear and mountain lion licenses.  “A 
person who has killed or taken any game animal, except a deer, an elk, or an antelope, during the 
current license year is not permitted to receive a special license under this chapter to hunt or kill a 
second game animal of the same species.  The [MFWP] commission may require applicants for special 
permits authorized by this chapter to obtain a valid big game license for that species for the current year 
prior to applying for a special permit.  A person may take only one grizzly bear in Montana with a license 
authorized by 87‐2‐701.”       

What it means to grizzly bears:  Sport harvest is limited by rules set forth by the MFWP 
Commission.  Legislative action would be required to change this restriction in any future season 
setting process.  

MCA § Title 75, Chapter 1.  Montana Environmental Policy Act.  Establishes policy of the State of 
Montana to use all practicable means and measures to create and maintain conditions under which man 
and nature can coexist in productive harmony. 

What it means to grizzly bears:  This policy, similar to NEPA, is procedural in nature and assures 
that any project proposed by the state of Montana in grizzly bear habitat will consider, in detail, 
the impacts to grizzly bears.  It establishes the requirement for the State of Montana to consider 
the environmental effects of each project and allow public input. 

MCA § Title 77, Chapter 1.   Administration of State Lands.  Directs the State board of land 
commissioners to manage State lands to support education and for the attainment of other worthy 
objectives helpful to the well‐being of the people of Montana.  It further directs the board to manage 
State lands under the multiple use management concept to ensure:  (1) they are utilized in that 
combination best meeting the needs of the people and the beneficiaries of the trust; and (2) 
harmonious and coordinated management of the various resources. 
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What it means to grizzly bears:  This law means that lands managed by DNRC must be 
economically viable while balancing the needs of grizzly bears.  

Administrative Rule of Montana (ARM) 12.9.103. Grizzly Bear Policy.  Whereas, the Montana Fish and 
Game Commission has management authority for the grizzly bear, a resident wildlife species, and is 
dedicated to the preservation of grizzly bear populations within the State of Montana; and  
Whereas the secure habitat for the grizzly has been greatly reduced as a result of human 
development and population growth from 1850 through 1950 in the bear's traditional range in all 
western States; and  
Whereas, a significant portion of the remaining grizzly bear habitat and population is located in 
Montana and these Montana populations occur in wildlands such as wilderness, primitive areas, de 
facto wilderness areas, national forests, national parks, Indian reservations, and seasonally, on 
adjacent private lands. 
Now, therefore, in order to promote the preservation of the grizzly bear in its native habitat, the 
commission establishes the following policy guidelines for the Montana Department of Fish, Wildlife 
and Parks action when dealing with grizzly bear. 

     (a)  Habitat. The department shall work to perpetuate and manage grizzly bear in suitable habitats 
of this State for the welfare of the bear and the enjoyment of the people of Montana and the 
nation. In performing this work the department should consider the following: 

          (i) the commission has the responsibility for the welfare of the grizzly and advocates the 
protection of the bear's habitat; 

          (ii) management of Montana's wildlands, including the grizzly bear habitat, is predominately, 
but not exclusively, a responsibility of various Federal agencies and private landowners; 

          (iii) land use decisions made by these agencies and individuals affect grizzly bear habitat, thus 
cooperative programs with these agencies and individuals are essential to the management 
of this species; 

          (iv) preservation of wildlands is critical to the protection of this species and the commission 
advocates wildland preservation in occupied grizzly bear habitat; and  

          (v) while some logging may not be detrimental to grizzly habitat, each logging sale in areas 
inhabited by grizzly bear should be carefully reviewed and evaluated.   

   (b) Research. It is recognized by the commission that research on the habitat requirements and 
population characteristics of the grizzly bear is essential for the welfare of the species. 
Departmental research programs and proposals directed at defining those habitat requirements 
are encouraged and supported. 

   (c) Hunting and recreational use. The commission recognizes its responsibility to consider and 
provide for recreational opportunities as part of a grizzly bear management program. These 
opportunities shall include legal hunting, recreational experiences, aesthetics of natural 
ecosystems, and other uses consistent with the overall welfare of the species. 

          (i) the department should consider the variability of values between individuals, groups, 
organizations, and agencies when management programs for various grizzly bear 
populations are developed. 
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          (ii) sport hunting is considered the most desirable method of balancing grizzly bear numbers 
with their available habitat, minimizing depredations against private property within  or 
adjacent to grizzly bear habitat, and minimizing grizzly bear attacks on humans. 

     (d) Depredations. Contacts between grizzly bear and humans, or property of humans, require 
delicate handling and consideration. When these contacts reach the stage for definite action, 
the following actions should be carried out: 

          (i) grizzly bear, in the process of threatening or endangering human life, shall be captured or 
dispatched immediately. 

          (ii) where no immediate threat to human life exists, individual bear encounters with humans 
shall be evaluated on a case by case basis and when the attack is abnormal or apparently 
unprovoked, the individual bear involved shall be captured or dispatched. 

          (iii) when the attack is normal (e.g., a female defending her cubs, any bear defending its food, 
or any bear defending itself) but the situation leads itself to no reasonable possibility of 
leaving the bear in place, then the bear should be removed. 

          (iv) grizzly bear committing depredations that do not directly endanger human life but that are 
causing property losses shall be evaluated on an individual case basis.  

          (v) where removal is determined to be the best resolution to the problem, depredating or 
nuisance bear shall be trapped, and if determined to be suitable for transplanting, shall be 
marked and released in suitable habitat previously approved with appropriate land 
management agencies.  

          (vi) reasonable efforts shall be made to inform the public of the transplant program, fully 
explaining the reasons for the capturing and locations of the release area.  A bear 
‘relocation page’ was created for the MFWP webpage in 2011 in the interest of public 
notification of all instances in which grizzly or black bears are captured and relocated.  
http://fwp.mt.gov/fishAndWildlife/livingWithWildlife/relocation/ 

          (vii) upon request by an authorized scientific investigative agency or public zoological 
institution, a captured bear may be given to that agency or institution, for appropriate non 
release research purposes. A reasonable charge may be required to cover costs of handling. 

     (e) Depredating grizzly bear that are not suitable for release or research because of old age, 
acquired behavior, disease, or crippling, shall be killed and sent to the department's research 
facilities for investigation.  The public shall be fully informed when these actions are taken and 
the reasons for these actions shall be fully explained 

     (f) Coordination. The department shall consult with appropriate Federal agencies and comply with 
applicable Federal rules and regulations in implementation of this policy. (History: Sec.87 1 
301MCA, IMP, 87 1 201, 87 1 301 MCA; Eff. 12/31/72; AMD, 1977 MAR p.257, Eff. 8/26/77.) 

What it means to grizzly bears:  This policy guides decision making for grizzly bear conservation 
and management within the state of Montana with an overall goal to promote the preservation 
of the grizzly bear.  It requires coordination with appropriate Tribal, Federal, State, and private 
entities and advocates protecting grizzly bear habitat.  

Administrative Rule of Montana (DNRC) (ARM) 36.11.433 GRIZZLY BEAR MANAGEMENT ON OTHER 
WESTERN MONTANA LANDS.  When conducting forest management activities on scattered lands 
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administered by the Stillwater unit, Kalispell unit, Missoula unit and Clearwater unit, within the NCDE, 
and in Plains and Libby unit lands within the Cabinet‐Yaak ecosystem, the department shall adhere to 
the following:  

(a) Design projects to result in no permanent net increase of open road density on parcels that 
exceed an open road density of one mile per square mile using simple linear calculations.  This 
shall apply only during the non‐denning period.  Temporary increases are permissible for up to 
two consecutive operating seasons.  The department shall make efforts to reduce total road 
density when compatible with other agency goals and objectives. 

(b) Retain cover that provides visual screening adjacent to open roads to the extent practicable. 
(c) Maintain hiding cover where available along all riparian zones.  
(d) Prohibit contractors and purchasers conducting contract operations from carrying firearms 

while operating.  

Administrative Rule of Montana (DNRC) (ARM) 36.11.434  GRIZZLY BEAR MANAGEMENT ON EASTERN 
MONTANA LANDS.  On Bozeman unit lands within the greater Yellowstone ecosystem, and Helena unit 
and Conrad unit lands within the NCDE, the department shall determine appropriate methods to comply 
with the Endangered Species Act, 16 U.S.C. Sections 1531 through 1544 and 77‐5‐116, MCA, on a project 
level basis.  Factors to consider shall include, but not be limited to: 

(a) cover retention; 
(b) duration of activity;  
(c) seasonal restrictions; 
(d) hiding cover near riparian zones; 
(e) food storage (where applicable); and 
(f) road density.  

What it means to grizzly bears:  This policy requires that considerations and protective 
measures be incorporated into all forest management activities conducted on state trust lands 
in the areas specified.  Affected lands occur in portions of the PCA, Zone 1 and Zone 2.  These 
requirements supplement those contained in DNRC's habitat conservation plan and would be 
required for all applicable DNRC lands not covered under that agreement.  

Montana Constitution. Article IX   Environment and Natural Resources. Section 1   Protection and 
Improvement. The State and each person shall maintain and improve a clean and healthful environment 
in Montana for present and future generations. 

What it means to grizzly bears:  This Section provides tangential benefits to grizzly bears by 
assuring a minimal level of environmental quality on State lands and projects.  

Montana Constitution. Article X, Section 2. Public school fund.  The public school fund of the state shall 
consist of:  
(1) Proceeds from the school lands which have been or may hereafter be granted by the United States,  
(2) Lands granted in lieu thereof,  
(3) Lands given or granted by any person or corporation under any law or grant of the United States,  
(4) All other grants of land or money made from the United States for general educational purposes or 
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without special purpose,  
(5) All interests in estates that escheat to the state,  
(6) All unclaimed shares and dividends of any corporation incorporated in the state,  
(7) All other grants, gifts, devises or bequests made to the state for general educational purposes. 

What it means to grizzly bears: This Section describes what lands belong to the State of 
Montana for management under Article X, Section 11 of the Constitution and the laws and 
administrative rules adopted there under. 

Montana Constitution. Article X, Section 11. Public land trust, disposition.  All lands of the state that 
have been or may be granted by congress, or acquired by gift or grant or devise from any person or 
corporation, shall be public lands of the state. They shall be held in trust for the people, to be disposed 
of as hereafter provided, for the respective purposes for which they have been or may be granted, 
donated or devised.  
(2) No such land or any estate or interest therein shall ever be disposed of except in pursuance of 
general laws providing for such disposition, or until the full market value of the estate or interest 
disposed of, to be ascertained in such manner as may be provided by law, has been paid or safely 
secured to the state.  
(3) No land which the state holds by grant from the United States which prescribes the manner of 
disposal and minimum price shall be disposed of except in the manner and for at least the price 
prescribed without the consent of the United States.  
(4) All public land shall be classified by the board of land commissioners in a manner provided by law. 
Any public land may be exchanged for other land, public or private, which is equal in value and, as 
closely as possible, equal in area. 

What it means to grizzly bears: This Section requires that all State lands are held in trust and 
that full market payment must be made for any disposition of those lands.  Thus, these 
considerations have the potential to influence land management policies of DNRC that may 
influence grizzly bears. 

FEDERAL PLANS AND GUIDELINES 

In addition to Federal and State laws and regulations, the following plans and guidelines provide both 
direction and guidance for grizzly bear population and/or habitat management.   

National Park Service 

Glacier National Park released the Bear Management Plan and Bear Management Guidelines in 
May 2010 as guidance documents for managing grizzly bears.  Sections in the Guidelines cover 
informing visitors and employees, preventive management actions, special bear management 
areas, preparing for management actions, and follow‐up and evaluation of management actions. 

NPS 77, Natural Resource Management Guidelines, May 16, 1991.  Guides National Park 
managers to perpetuate and prevent from harm (through human actions) wildlife populations as 
part of the natural ecosystems of parks. 
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Final Environmental Impact Statement, Grizzly Bear Management Program, Glacier National 

Park, July 1983:   
− Identifies sanitation procedures designed to ensure that human foods and attractants 

are kept secured from bears. Garbage and other unnatural food attractants will be 
eliminated before control actions are required. The solid waste handling program will 
encompass use of trash containers of bear‐resistant design, careful and frequent 
garbage pickup to prevent overflow and overnight accumulations. 

− The Superintendent authorizes and approves the GNP Grizzly Bear Management 
Program that outlines the park's Bear Management Area Program. The Bear 
Management Area Program restricts recreational activity in areas with seasonal 
concentrations of grizzly bears. The goals of these restrictions include: (1) minimize 
bear/people interactions that may lead to habituation of bears to people (habituation 
can result in bears being removed from the population for human safety), (2) prevent 
human caused displacement of bears from prime food sources, and (3) decrease the 
risk of bear‐caused human injury in areas with high levels of bear activity. 

− Outlines Park bear monitoring program. 
− Outlines Park bear research goals and objectives. 
− Leaves open the possibility for supplemental feeding of grizzly bears, if deemed 

necessary. 
− Identifies as an objective that public awareness of exposing bears to unnatural food 

sources may lead to human injury, or to the bears' destruction, or both. Requires an 
active information program be directed at both visitors and employees to inform 
them of policies and goals of bear management, and the reasons for these. Provides 
guidelines for the distribution of bear safety warning information through entrance 
stations, signs, visitor contacts, and literature. 

 
U.S. Forest Service 

If a change of status for the NCDE grizzly bear population under the ESA takes place, Forest 
Service Region 1 will classify the grizzly bear as a sensitive species in the NCDE area.  Grizzly 
bears and their habitats will then be managed as sensitive on National Forest System lands in 
accordance with Forest Service Manual 2670 (specifically 2670.22, 2670.32, and 2676.1 
2676.17e).  In addition, National Forests will continue to follow direction established in existing 
land management plans until amended or revised.  

Beaverhead‐Deerlodge Forest Land and Resource Management Plan (2009, with amendments) 

Flathead Forest Land and Resource Management Plan (1986, with amendments) 

Kootenai Forest Land and Resource Management Plan (1987, with amendments) 

Lewis and Clark Forest Land and Resource Management Plan (1986, with amendments) 

Helena Forest Land and Resource Management Plan (1986, with amendments) 



NCDE Grizzly Bear Conservation Strategy            April 2013 

131 
 

Lolo Forest Land and Resource Management Plan (1986, with amendments) 

Swan Valley Grizzly Bear Conservation Agreement is a collaborative document that guides 
management of multiple use lands owned by the USFS, the Nature Conservancy, and the DNRC 
in the upper Swan Valley that occur within USFWS identified linkage zones.  It commits the 
signing parties to cooperatively manage motorized access and timber harvest on these lands so 
that there are not too many projects occurring simultaneously.  Under ESA listed status, this 
Conservation Agreement was successfully implemented by all parties and all affected subunits 
met their criteria for motorized access management.  The Conservation Agreement has a clause 
for automatic annual renewal and is still in place.  These lands will continue to be managed to 
balance timber harvest with wildlife habitat security.  Please see Ch. 3 (“Legacy Lands and 
Cooperative Habitat Management in the Swan Valley” section) or Appendix 7 (Swan Valley 
Grizzly Bear Conservation Agreement) for more detailed information about how this 
Conservation Agreement will continue to be implemented in the foreseeable future. 

Bureau of Land Management 

If a change of status for the NCDE grizzly bear population under the ESA takes place, the BLM 
will classify the grizzly bear as a sensitive species in the NCDE area.  Currently, the Butte Field 
Office, Lewistown Field Office, and Missoula Field Office Resource Management Plans contain 
extensive guidelines that directly benefit grizzly bears and/or their habitat.  While many of these 
are summarized in Ch. 3 (see the “Habitat Protections in Management Zone 1” or “Habitat 
Protections in Management Zone 2” sections), detailed descriptions are provided in Appendix 11 
(Detailed summary of relevant BLM Management Plan direction for the Butte, Lewistown, and 
Missoula Field Offices).   

STATE PLANS AND GUIDELINES 

MFWP Grizzly Bear Management Plan for Western Montana.  In 2006, MFWP released a management 
plan and final programmatic environmental impact statement (EIS) for grizzly bear management in 17 
counties in western Montana that include the entire NCDE PCA, Zone 1, and Zone 2.  The plan focuses 
on grizzly bear management in the Northern Continental Divide, Cabinet‐Yaak, and Bitterroot 
Ecosystems, as well as intervening areas.  The goal of this management plan is “To manage for a 
recovered grizzly bear population in western Montana and to provide for a continuing expansion of that 
population into areas that are biologically suitable and socially acceptable.  This should allow MFWP to 
achieve and maintain population levels that support managing the bear as a game animal along with 
other species of native wildlife and provide some regulated hunting when and where appropriate.”  The 
Plan identifies management objectives, describes grizzly bear biology, provides strategies for reducing 
and responding to grizzly bear/human conflicts, and discusses both habitat and population monitoring 
needs.   
 

DNRC State Forest Land Management Plan.  The DNRC State Forest Land Management Plan was signed 
in May 1996 and provides specific resource management standards that apply to all forested state trust 
lands in Montana.  The Plan contains specific standards that emphasize management of vegetation to 
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promote biodiversity, and it includes habitat protection measures for endangered, threatened, and 
sensitive species.  The resource management standards were codified in Forest Management 
Administrative Rules in September 2003.  
 

DNRC Habitat Conservation Plan for Forested State Trust Lands.  The DNRC released a final decision in 
2011 to implement a Habitat Conservation Plan for forest management activities on most of its forested 
State lands throughout western Montana, including lands occupied by grizzly bears in the NCDE (DNRC 
2010).  This HCP will guide management of activities on 147,843 acres (598 sq km) of State lands within 
the NCDE PCA and an additional 72,875 acres (295 sq km) of occupied habitat outside the PCA (DNRC 
2010).  The DNRC developed their HCP and habitat mitigation measures in cooperation with the USFWS 
to address the needs of several listed species, including the grizzly bear.  This HCP provides additional 
outreach focused on avoiding bear encounters and storing food properly, minimizes roads in key bear 
habitats (avalanche chutes and riparian areas), and suspends motorized activities within 1 km (0.6 mi) of 
a den site (DNRC 2010).  On DNRC lands included in the HCP within the PCA, there will be no new grazing 
allotments for small livestock (i.e., sheep or goats).  Additionally, in areas outside of PCA, new open road 
construction would be minimized, vegetative cover would be retained, there would be spring 
restrictions on forest management activities, and restrictions on livestock grazing to minimize 
bear/livestock conflicts would be incorporated into grazing permits (DNRC 2010).   
 
Swan Valley Grizzly Bear Conservation Agreement is a collaborative document that guides 
management of multiple use lands owned by the USFS, the Nature Conservancy, and the DNRC in the 
upper Swan Valley.  It is described immediately above in the “U.S. Forest Service” sub‐section of the 
“Federal Plans and Guidelines” section.  Its full language is also provided as an appendix (Appendix 7).    

TRIBAL MANAGEMENT PLANS 

Bear Management Plan and Guidelines for Bear Management on the Blackfeet Reservation.  Pending 
adoption by the Blackfeet Tribal Business Council, this document describes the policies, goals, and 
methods for implementing bear management activities on the Blackfeet Indian Reservation.  It describes 
how the Blackfeet Tribe will manage livestock depredations and other human/bear conflicts, what 
conflict preventative measures will be used, procedures for handling bears, and bear habitat protection 
measures.  This document affects grizzly bear conservation because it directs the way grizzly bears are 
managed on the Blackfeet Indian Reservation.  The Blackfeet Fish and Wildlife Department implements 
this plan.  
 
Blackfeet Forest Management Plan, 2008.  This document guides forest management activities on the 
Blackfeet Indian Reservation from 2009 to 2023.  It is required by federal regulation and addresses 
timber harvesting, forest protection, forest development, and the organization of the forestry 
department.  It describes special considerations for grizzly bear habitat in forest management activities.  
The plan is implemented by the Blackfeet Tribe with final oversight by the Bureau of Indian Affairs.  It 
applies to grizzly bear conservation because it guides timber management, which affects the quality and 
quantity of grizzly bear habitat and how bears use it. 
 



NCDE Grizzly Bear Conservation Strategy            April 2013 

133 
 

Flathead Indian Reservation Grizzly Bear Management Plan, 1981.  A resolution by Tribal Council gave 
the plan its authority.  It covers the Tribal Fish and Game Conservation Department, Wildland Recreation 
Department, and BIA Wildlife Branch.  The overall goal is “to secure and/or maintain a viable, self‐
sustaining population [of grizzly bears] in critical habitat occupied in the Mission Mountains.”  It includes 
subgoals of managing the population for a “stable or slightly increasing” trend; maintaining sufficient 
grizzly bear habitat to support a “viable bear population;” minimizing human‐bear competition; and 
managing “natural resources to minimize adverse effects and maximize benefits for grizzly bears while 
meeting the natural resource needs of the Confederated Tribes.” 
 
Flathead Indian Reservation Forest Management Plan, 2000 (with amendments).  This plan, as 
authorized by the Tribal Council and the Bureau of Indian Affairs, is in effect from 2000 to 2030.  It 
“…emphasizes restoration of the forest over the economic returns it could provide ” by identifying 
timber harvest standards and providing legal descriptions and designations of roadless and wilderness 
areas where timber harvest and road construction is limited or not allowed.  It also identifies areas 
where hiding cover should be maintained to facilitate movement across roads and restricts total road 
miles to levels at or below that number existing in 1999.   
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GLOSSARY OF TERMS 

acceptable aggression – a bear defending its young, its food, itself, or during a surprise encounter 
adaptive management –  a model for conservation that uses and incorporates information from 

ongoing monitoring and research to direct appropriate management actions.  Specifically, it 
is the integration of program design, management, and monitoring to systematically test 
assumptions in order to adapt management measures accordingly.  

administrative sites – sites or facilities constructed for use primarily by government employees to 
facilitate the administration and management of public lands.  Examples include 
headquarters, ranger stations, dwellings, warehouses, guard stations, and Park entrances.   

attractants – human sources of food that may bring bears into an area including garbage, carcasses, 
bird seed, livestock feed, bee hives, pet food, garden vegetables, orchards, compost piles, 
and any other foods consumed or grown by humans 

aversive conditioning – the use of non‐lethal methods (e.g., rubber bullets, cracker shells, Karelian 
bear dogs, etc.) to teach bears to negatively associate humans and food 

core habitat (former definition) – those areas at least 2,500 acres (hectares) in size and > 500m from 
an open road or high‐use trail;  this Conservation Strategy revises the definition of core 
habitat and changes the name of this revised term to “secure core habitat” 

denning season – December 1‐ April 1 west of the continental divide and December 1‐ April 15 east 
of the continental divide;  There are no restrictions on motorized use related to grizzly bears 
during this time. 

developed site – sites or facilities on public Federal lands with features that are intended to 
accommodate public use and recreation.  Examples include, but are not limited to:  
campgrounds, trailheads, lodges, summer homes, restaurants, visitor centers, and ski areas. 

dispersed site –sites on public lands used frequently by the public but which have no permanent 
constructed features, are temporary in nature, have minimal to no site modifications, and 
have informal spacing, primitive roads, and/or informal interpretive services.  These include 
many car camping sites along public roads, user‐established camping areas accessible only 
by non‐motorized means, and/or outfitter camps.   

food conditioned – a bear that has received a significant amount of human foods such as garbage, 
camp food, pet food, livestock feed, or birdseed; and persistently seeks these foods 

Food conditioned – bears that persistently seek anthropogenic foods or associate humans or their 
dwellings with food rewards   

 grizzly bear‐human conflict – incidents in which bears either do or attempt to:  injure people, 
damage property, kill or injure livestock, damage beehives, obtain anthropogenic foods, 
attractants, or agricultural crops 

habituated – a bear that does not display avoidance behavior near humans or in human use areas 
such as camps, town sites, or within 100 meters of open roads due to repeated exposure to 
these circumstances. 

high‐use trail – those trails with an average of 20 or more partiers per week, based on expert 
opinion 

lambda – a measure of annual population growth; a lambda value of 1.03 means that population of 
organisms is increasing at 3 percent annually 
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nuisance bear – bears that exhibit conflict behaviors which may place the public at undue risk.  This 
includes any grizzly bear involved in a grizzly bear‐human conflict that results in an agency 
management response action (Dood et al. 2006, p. 84).   

position statement – a brief (e.g., 1‐2 pages) document issued by the NCDE Coordinating Committee 
about the appropriateness of a proposed action relative to its impact on the entire NCDE 
population.  If there is disagreement among Coordinating Committee members about the 
impacts to the grizzly bear population, the position statement would contain the viewpoints 
of both sides.  While respective management agencies possess the sole authority to make 
decisions regarding grizzly bears within their jurisdictions, these position statements will 
communicate the NCDE Coordinating Committee’s recommended course of action, based 
on the best available science.  There are 2 circumstances that would lead to a position 
statement being issued by the NCDE Coordinating Committee:  (1) if a proposed increase in 
the number of developed sites did not meet the Application Rules or (2) if a Coordinating 
Committee member requested a position statement for a specific project or proposal. 

recurring helicopter flight – repeated (multiple trips/passes each day), low‐altitude (< 500m above‐
ground‐level) flights for periods longer than 48 hours 

relocation – the capture and movement by management authorities of a bear involved in a conflict 
with humans or human‐related foods, to a remote area away from the conflict site, usually 
after fitting the bear with a radio collar 

removal – capture and placement of a bear in an authorized public zoological  or research facility or 
destruction of that bear 

resource selection function –  
revegetated road – one that is not drivable by motorized vehicles; It is easier to walk on the side‐hill 

than down the road 
secure core habitat – those areas more than 500 meters (0.3) from a motorized access route during 

the non‐denning period and at least 2,500 acres in size 
stable isotope –  
sustainable mortality – the amount of mortality a population can endure without reducing overall 

population growth.  In other words, the number of deaths do not exceed the number of 
individuals born and surviving to reproductive age  

unacceptable aggression – bear behavior that includes active predation on humans, approaching 
humans or human use areas in an aggressive way; aggressive behavior when the bear is 
unprovoked by self‐defense, defense of young, defense of foods, or in a surprise encounter 

visual screening – vegetation and/or topography providing visual obstruction capable of hiding a 
grizzly bear from view 
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Appendix 1 
Methods to Calculate Trend and Other Vital Rates Using Known Fate Analysis 

 
 The survival rates, reproductive rates, and population trend of a wildlife population can be 
calculated using data collected from radio-collared females. This technique is termed “known-fate” 
monitoring because the fate (alive or dead) of each individual in generally known with certainty for each 
monitoring period (e.g. month, year). Known-fate monitoring has been employed as a monitoring tool 
for grizzly bears in the NCDE since 2004. The technique is generally described by Mace et al. (2005) and 
more recently in a publication of population trend by Mace et al. (2012). 

Grizzly bears were captured using leg-hold snares and culvert traps, by helicopter darting, and in 
some instances, were darted and immobilized bears over baits.  We chose specific capture sites within 
each capture zone while avoiding certain private properties. These properties were known to regularly 
attract grizzly bears seeking anthropogenic foods, and we suspected that survival rates of these bears 
would not be representative of the female population at large. All female bears were radio-collared, and 
each bear was tagged subcutaneously with passive transponder tags and pulled a pre-molar tooth for 
age determination. The sample of radio-collared females was distributed based on relative grizzly bear 
density across the NCDE,  using the distribution of bears detected at DNA hair traps in 2004 (Kendall et 
al. 2009). A goal was established of monitoring a minimum of 25 females/year as possible. Female bears 
were categorized as either “research” bears or members of the “conflict-subsample.” Generally, 
population trend was calculated using only research bears. However, conflict bears could enter the 
dataset under certain circumstances (Schwartz et al. (2006). 
 Survival analyses were conducted on cubs and yearling of both sexes and for subadult and adult 
females. Survival of cubs and yearlings was determined form visual observations while monitoring their 
radioed mothers. Survival of independent subadult and adult females was estimated monthly using the 
staggered-entry Kaplan-Meier method within Program MARK using the logit scale.  The reproductive 
status of each adult female was documented visually during telemetry sessions. Spring observation 
flights were conducted to ascertain which females had dependent offspring and the number of offspring 
per litter.  

Population trend was estimated by computing the asymptotic rate of population growth (λ) 

using a standard, dynamic life table, solved iteratively for r (i.e., the intrinsic rate of growth). 
Approximate confidence intervals on λ were calculated by iterating life tables created using the 

empirical distribution of each rate in a Monte Carlo approach.  
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Appendix 2 
Background Information for Demographic Standards 2-4. 

 
Sections: 
Section A: Methods to calculate sex and age class structure of the grizzly bear population in the NCDE. . 2 

Section B: Sustainable Mortality Levels ........................................................................................................ 6 

Section C: Distributions of growth rates of grizzly bears in the Northern Continental Divide Ecosystem 
under various possible estimates of annual survival of independent bears. ............................ 9 

Section D: Supporting Information for  Demographic Standards 2-4 ......................................................... 13 

Section E.  Estimating the Level of Unreported Mortality for Grizzly Bears in the NCDE ........................... 17 

Section F. Proportion of grizzly bear population using habitats outside of Glacier National Park: Where 
do the mortality standards apply ............................................................................................ 19 

 
Section A: Methods to calculate sex and age class structure of the grizzly bear population in 
the NCDE. 

 
The demographic standards in this Strategy require an estimate of the proportion of the male 

and female populations that are > 2 years old (independent bears). Standards 3 and 4 fix a maximum 
mortality limit of 10% for independent females, and 20% for independent males.  In the case of grizzly 
bears in the NCDE, the proportion of individuals of each age and sex cannot be ascertained directly from 
field data such as physical captures or from examination of genetics data from hair-traps or rub-trees. In 
the case of physical capture, as is used for population trend monitoring in the NCDE, age and sex classes 
are not captured in the same proportion as they exist in the population (Fig. 1). Cubs and yearlings are 
under-represented in the capture sample, and sub adults are over-represented relative to the stable 
state estimates. For genetic tagging data using hair samples collected at rub-trees or hair-trap (Kendall 
et al. (2009), it is not possible to determine the age of individuals. 

There is a method to estimate the age structure of the population from vital population rates 
and population trend; the calculation of stable state population structure (Lotka and Sharpe 1911). A 
closed population that has experienced constant age-specific birth and death rates over a long period 
can be shown to also have a constant proportion of individuals in each age/sex class, thus a stable state 
(Seber 1982). 

The stable age structure of grizzly bears in the NCDE was estimated in program RISKMAN (Taylor 
et al. 2001) using the vital reproductive rates, and cub and yearling female survival rates from Mace et 
al. (2012). Program RISKMAN uses a life-table approach to modeling structure. Specific input variables 
used in RISKMAN are given in Table 1. Independent male survival was set at 0.850 (Mace and Roberts 
2012). The survival rates of independent sub-adult (2-4 years old) and adult (5+ years old) females were 
pooled at 0.936 for these analyses.  For the entire male and female population, age-specific proportions 
are given in Table 2, and for each sex separately in Table 3. From these analyses, we estimated that 
58.2% of the male population was independent bears, and 68.6% of the female population was 
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independent-aged in the entire NCDE population (Table 3). These estimates of independent bears were 
used to calculate sustainable mortality levels of males and females. 
 
Figure. 1. Comparison of female grizzly bear age structure from stable age distribution using program 
RISKMAN and from research female captures (2004-2012) in the NCDE whose age was known. 
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Table 1.  Program RISKMAN input variables to estimate grizzly bear stable state population for the 
NCDE. 
Program RISKMAN input variables Value used to estimate stable state grizzly population 
Preferences: -Research/stochastic, trails = 1000 

-no parameter/environmental uncertainty 
-normalize male and female structure 

Species definition: -annual 
-no hunting season 
-covariance of recruitment and survival rates 
-maximum age = 27 
-age of 1st adulthood = 5 
-maximum litter size = 3 
-minimum age of 1st reproduction = 4 
-maximum age of reproduction = 27 

Individual survival rates; males -age 0 = 0.612, se= 0.108 (Mace et al. 2012) 
-age 1 = 0.682, se= 0.132 (Mace et al. 2012) 
-age 2-27 = 0.850, se= 0.055 (Mace and Roberts 2012) 

Individual survival rates; females -age 0 = 0.612, se= 0.108 (Mace et al. 2012) 
-age 1 = 0.682, se= 0.132 (Mace et al. 2012) 
-age 2-27 = 0.936, se= 0.079 (Mace and Roberts 2012) 

Recruitment: -probability of 1 cub = 0.103a 
-probability of 2 cub = 0.524a 
-probability of 3 cub = 0.373a 
-mean litter size = 2.27, se = 0.18 (Mace et al. 2012) 
-proportion with litters = 0.322, se = 0.051 (Mace et al. 2012) 
-assume 50:50 M:F sex ratio for cubs at birth 

a Proportions of 1, 2, and 3 cub litters varied somewhat from Mace et al. (2012) to achieve a mortality-adjusted cub litter size of 2.27. 

 
Table 2. Stable state proportions of the grizzly bear population. Stable state proportions were based 
on a population of 1000 individuals using program RISKMAN. 
Age Age-specific proportion of entire population 
 Male Female 
0 (cub) 0.115 0.115 

1 0.068 0.068 
2 0.044 0.044 
3 0.036 0.039 
4 0.029 0.035 
5 0.024 0.032 
6 0.019 0.028 
7 0.016 0.025 
8 0.013 0.023 
9 0.010 0.020 

10 0.008 0.018 
11 0.007 0.016 
12 0.006 0.015 
13 0.005 0.013 
14 0.004 0.012 
15 0.003 0.011 
16 0.002 0.009 
17 0.002 0.008 
18 0.002 0.008 
19 0.001 0.007 
20 0.001 0.006 
21 0.001 0.005 
22 0.001 0.005 
23 0.001 0.004 
24 0.000 0.004 
25 0.000 0.004 
26 0.000 0.003 
27 0.000 0.003 
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Table 3.  Summary of grizzly bear stable population states for each sex separately as derived from 
program RISKMAN.  

Age Age-specific 
proportion of 

male 
population 

Age-specific 
proportion 

of female population 

0 (Cub) 0.276 0.198 

1 0.162 0.116 

2 0.105 0.076 

3 0.086 0.068 

4 0.07 0.06 

5 0.057 0.055 

6 0.046 0.049 

7 0.038 0.043 

8 0.031 0.04 

9 0.025 0.035 

10 0.02 0.031 

11 0.016 0.028 

12 0.013 0.025 

13 0.011 0.023 

14 0.009 0.02 

15 0.007 0.018 

16 0.006 0.017 

17 0.005 0.014 

18 0.004 0.013 

19 0.003 0.011 

20 0.003 0.01 

21 0.002 0.009 

22 0.002 0.008 

23 0.001 0.007 

24 0.001 0.007 

25 0.001 0.006 

26 0.001 0.006 

27 0.001 0.005 
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Table 4. Comparison of grizzly bear population structure from three data sources.  
Sex and age class of 
population 

Data Source 

 Stable state structure 
from program 

RISKMANa 

Kendall et al. 2009 Mace et al. 2012 
 

% females in population 58.2% 61.2% na 
% males in population 41.8% 38.8% na 
% of males 2+ years old 
(independent) 

56.4% na na 

% of females 2+ years 
old (independent) 

68.6% na 69%b 

a Tabulated from Table 3. 
b From Leslie-matrix projections to stable state projections using Microsoft Excel (Microsoft, Redmond Washington, USA) and the add-in 
PopTools (PopTools version 3.1, www.poptools.org, accessed 02 Feb 2010). 

 
 

Section B: Sustainable Mortality Levels  
 
Sustainable Rates For the entire grizzly bear population. Grizzly bear populations can sustain a 
certain level of mortality before populations decline (Bunnell and Tait 1980, Schwartz et al. 
2003). Like other wildlife species, grizzly bears are subject to both natural and man-caused 
sources of mortality. Natural mortality rates vary by age and sex class. For adult males and 
females, natural mortality rates have been reported to be between 4 and 7 percent 
(McLoughlin 2003).  Using estimates of mortality rates from radioed bears and their dependent 
offspring in the NCDE, it is estimated that on average, approximately 16% of the entire 
population, and 2.3% of the independent-aged bears die from natural causes each year (Table 
5). 
 

Table 5. Estimates of natural mortality levels in 2004 given an estimated population of 765 individuals 
and a stable age distribution. 

Age % of total stable 
age populationa 

# of bears out 
of 765b 

Natural annual 
mortality ratec 

(n individuals) 

# mortalities per year 

Cubs 0.230 176 0.15 (n =73) 26 
Yearlings 0.136 104 0.14 (n=48) 15 
Independent-aged bears     

female 0.398 304 0.03 (n=102) 9 
male 0.235 180 0.05 (n =52) 9 
Total natural mortalities    59 

% natural mortality of 
total population  

   59/765 = 7.7% 

% of total population that    18/765 = 2.3% 
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are independent-aged 
a From stable state proportions. 
b From estimate of total population size from Kendall et al. 2009. 
c Natural rates of annual mortality  from evaluation of survival rates of radio-collared research females and their dependent young; 2004-2011. 

In addition to natural mortality, brown bears can sustain an additional man-caused mortality 
level for both sexes of between 2 and 5-6% (Miller 1989, McLoughlin 2003).  
 
Sustainable Rate for independent male grizzly bears The fate of radio-collared male grizzly 
bears captured and instrumented during field efforts to capture females for population trend 
monitoring provided information on the current survival rate of independent males in the 
NCDE.  
 During the period 2004-2011 51 research males were monitored at population trend 
monitoring sites outside of Glacier National Park. Annual survival for independent males 
averaged either 0.844 (assuming 1 unresolved bear died) or 0.862 (assuming the 1 bear lived) 
(Table 6).  
 These survival data suggest a mean annual mortality rate for independent males of 
between 0.138 and 0.156 during a period when no legal hunting occurred. These independent 
male mortality rates were established during the same period that the population of grizzly 
bears in the NCDE was growing at a mean lambda of 1.0306, and where 71% of Monte Carlo 
simulations produced estimates of λ > 1.0 (Mace et al. (2012). Population trend is most 
influenced by female survival, not male survival (Hovey and McLellan 1986, Mace and Waller 
1996, Harris et al. 2006.) An additional 5% man-caused mortality, above the 14-15% mortality 
currently observed, will not additionally influence population trend. The Interagency Grizzly 
Bear Study Team (2007) has stated that there are no quantitative tools to estimate the 
“sustainable” male mortality rate for grizzly bears unless the presence of males in some way 
influences female reproduction or survival, or if there are too few males to mate with available 
females. Rather the mortality rate for males affects the ratio of males to females in the 
population and at high levels could influence population viability. 
 
Table  6. Survival rates of research male grizzly bears in the NCDE; 2004-2011. 

Independent male sample  Survival parameter 

 Estimate SE -95 CI +95 CI 

Natural Survival 0.946 0.037 0.809 0.986 

Natural plus man-caused: 

1 individual whose fate was unresolved assumed to 
have lived 

 

1 individual whose fate was unresolved assumed  to 
have died 

 

0.862 

 

 

0.844 

 

0.055 

 

 

0.058 

 

0.720 

 

 

0.694 

 

0.944 

 

 

0.928 

 

Sustainable mortality rate for independent female grizzly bears. Mace et al. (2012) calculated 
separate survival estimates for sub-adult (ages 2-4) and adult (ages 5+) females. Our estimates 
of sub-adult and adult female survival were 0.852 (95% CI = 0.628–0.951) and 0.952 (95% CI = 
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0.892–0.980) (Table 7). Coupled with other vital rates, Mace et al. (2012) estimated a mean 
lambda of 1.0306. 

As an alternative to separate age classes, a survival rate was estimated for these 
categories combined (“independent female bears”).  Analyses in program MARK found that this 
model (using this single, 2+ age-category) was within 0.3359 AIC units of the model than 
recognized both sub-adult and adult age-classes, suggesting that either model was similarly 
supported by available data. Results indicated an estimated survival rate of 0.936 (SE = 0.0216, 
and a 95% CI 0.878–0.968) for the period 2004-2009. This survival rate suggests a mean 
mortality rate of 0.064.  Simulations (Section C) provided a similar but higher mean estimate of 
lambda of between 1.038 and 1.047 (Table 8). 
 A maximum 10% annual mortality (90% survival) threshold has been established as a 
population monitoring standard for independent females. Based on simulations by Harris 
(Section C), a 90% independent female survival rate would result in a mean lambda of 1.009 
(Table 8). This population trajectory corresponds to an essentially stable population size. For a 
mean survival rate of 90%, 61% of the population simulations returned a value of lambda 
greater than 1.0 (stable) (Table 8). Twenty-eight percent of simulations at this benchmark rate 
indicated a population decline of > 2%. 
 In the event that, for whatever reason, the survival of independent females should 
decline below 90% into the future, population management Standard #2 is in place to halt 
further declines until a management review is completed documenting and correcting, if 
possible, the reason behind the decline. The timing of the management review is based on the 
impact of female survival on population trend. If, through known-fate monitoring of radioed 
females, survival is determined to be between 0.89 and 0.90 for the most recent 12 year 
period, a review will take place. This equates to a mean population trend of between 1.002-
1.009 (Table 8). Second, if survival is determined to be between 0.885 and 0.89 for the most 
recent 10 year period, a review will take place. This corresponds to a mean population trend of 
between >0.992 and 1.002 or a net change in the number of bears of -6 to +3 /bears year (Table 
8). Third, if survival is determined to be between 0.875 and 0.885 for the most recent 8 year 
period, a review will take place. This corresponds to a mean population trend of >0.983 and < 
0.992 or a net change in the number of bears of -6 to -10/bears year (Table 8). And fourth, if 
survival is determined to be between < 0.875 for the most recent 5 year period, a review will 
take place. This corresponds to a mean population trend of < 0.982, or a net change of -13 
bears/year (Table 8). 
 

Table 7. Independent female survival rates from radio-collared bears in the NCDE. 

Survival type Estimate SE -95% CI +95% CI 

Natural survival ( n = 2 deaths)a 0.989 0.008 0.956 0.997 

Natural survival ( n = 7 deaths)b 0.961 0.014 0.921 0.981 

Natural and man-caused: 

1 unresolved assumed alive 

1 unresolved assumed dead 

 

0.940 

0.934 

 

0.018 

0.018 

 

0.895 

0.888 

 

0.966 

0.962 

a assumes bears with undetermined causes of death were not natural. 
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b assumes bears with undetermined causes of death were natural. 
 
 
Table  8. Mean, SD, 95 confidence limits, and proportion of simulated λ values < 1.0,  given  
reproductive and survival rates as estimated for the NCDE grizzly bear population 2004-09, and trial 
values of independent (age 2+) female survival. For all rates, distributions were generated using the 
desired mean, and variances that approximated the 95 confidence interval surrounding their empirical 
estimates. 

Independent 
Female Survival 

Mean λ SD λ Lower 
95% λ 

Upper 95% 
λ 

Proportion λ < 1.0 
(declining) 

Proportion λ > 
1.0 

(increasing) 

Proportion λ < 0.98 
(> 2% decline) 

0.87 0.983 0.0347 0.9145 1.0489 68.6 31.4 46.3 
0.88 0.992 0.0349 0.9213 1.0574 58.3 41.7 36.7 
0.89 1.002 0.0349 0.9303 1.0673 47.1 52.9 22.5 
0.90 1.009 0.0348 0.9399 1.0750 39.0 61.0 28.0 
0.91 1.019 0.0349 0.9476 1.0848 27.8 72.2 16.4 
0.92 1.028 0.0356 0.9562 1.0949 20.9 79.1 8.7 
0.93 1.038 0.0363 0.9626 1.1046 15.5 84.5 2.4 
0.94 1.047 0.0353 0.9754 1.1129 10.1 89.9 3.4 
0.95 1.056 0.0359 0.9808 1.1212 6.8 93.2 2.3 

 
 
 
Section C: Distributions of growth rates of grizzly bears in the Northern Continental Divide 
Ecosystem under various possible estimates of annual survival of independent bears. 

 
Dr. Richard B. Harris 
Department of Ecosystem and Conservation Sciences 
University of Montana 
 
I. Problem statement 
 Managers desire guidance on understanding the effects of various levels of mortalities 
on the grizzly bear population inhabiting the Northern Continental Divide Ecosystem (NCDE). 
Ideally, one would like to know how the number of mortalities that puts the population into a 
negative trajectory, so as to attempt to avoid having this many die. Calculating such a number 
with confidence is fraught with difficulty, for 2 reasons: 1) Although a precise estimate of total 
population size has been published, there is, at present, no protocol in place for updating this 
estimate; consequently, yearly population size of NCDE grizzly bears remains unknown; and 2) 
Considerably uncertainty surrounds both estimates of the number of bears dying, and the vital 
rates of the standing population.  
 Analyses conducted by Mace et al. (2012) suggest that the single best estimate of 
population growth (λ) during 2004-09 was1.0306 (i.e., roughly 3% increase yearly). However, 
largely because sample sizes were limited and the time period of this investigation spanned 
only 6 years, the 95% confidence limits around this estimate was 0.928–1.102. Thus, although 
the authors deem it highly likely that the population was increasing, available data do not allow 
this to be asserted with the conventional level of statistical certainty. 
 A possible option that managers may wish to consider in developing guidance regarding 
number of mortalities is to use what is known about the demographics of this population to 
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explore how λ would vary if survival rates increased or decreased from the estimated value 
during 2004-09. 
II. Objectives 
 The objectives of this exercise were to apply the level of uncertainty surrounding 
current estimates of vital rates for female grizzly bears to alternative future point estimates of 
the survival rate for independent female bears (defined here as age 2+), and from these, 
generate distributions of rates of growth (λ) that follow from these combinations. The results of 
this exercise are useful to someone asking the following question: “Given that reproduction and 
juvenile survival rates (as well as their uncertainty) are as best estimated during 2004-09, and 
given that uncertainty surrounding survival of independent female bears is similar to that 
estimated by Mace et al. (2012), what levels of annual female survival are consistent with a 
grizzly bear population that is unchanging in size?” 
 
III. Methods 
  I projected λ from a series of life-tables of grizzly bear populations using PopTools (G. M. 
Hood, 2009; PopTools version 3.11). Each life table was produced from a sampling from the 
distributions of mx (the mean number of female cubs/adult female/yr), for s0 (female cub 
survival), and s1 (female yearling survival) from the NCDE population, 2004-09 (Mace et al. 
2012). I then used Monte Carlo methods (in PopTools) to sample from these distributions, each 
time recalculating λ. I then calculated means, standard deviations, and non-parametric 95% 
confidence limits of these simulated distributions (the latter by excluding the upper and lower 
2.5% of simulated results). In all cases, n = 5,000 iterations. 
 To parameterize these life tables, I used the following means and standard errors from 
Mace et al. (2012): mx: = 0.36685, SE = 0.0453; s0:  = 0.6119, SE = 0.1077; s1:  = 0.6820, SE = 
0.1322.  Note that this reproductive rate (0.36685) was an adjusted rate that accounted for 
cubs that were likely born but died prior to that year’s first observation of her mother but still 
within the time period that the cub survival rate applied. Mace et al. (in press) calculated 
separate survival estimates for sub-adult (ages 2-4) and adult (ages 5+) females. To simplify 
calculations, I used a survival rate estimated for these categories combined (“independent 
female bears”), by Mark Haroldson (using the same data set): , with a standard 
error, SE = 0.0216, and a 95% CI 0.878–0.968. Analyses in program MARK found that this model 
(using this single, 2+ age-category) was within 0.3359 AIC units of the model than recognized 
both subadult and adult age-classes, suggesting that either model was similarly supported by 
available data. I generated beta distributions that replicated the mean and 95% confidence 
interval of this survival rate. I then varied the desired mean survival in 0.01 increments (0.87-
0.95), maintaining the same variance term in each case. Rates were modeled as independent of 
one another (i.e., no temporal correlation among rates). 
  
III. Results 
 For each trial value of S2+, I report means, standard deviations, and upper and lower 
95% confidence limits of λ in Table 1. Histograms of these distributions are shown in Figure 1. 
Mean values of λ and proportion of simulations < 1.0 are shown in Table 9.  
 
  

X X X

936.0ˆ
2 =+FS
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Table 9. Mean, SD, 95% confidence limits, and proportion of simulated λ values < 1.0,  given  
reproductive and survival rates as estimated for the NCDE grizzly bear population 2004-09, and trial 
values of independent (age 2+) female survival. For all rates, distributions were generated using the 
desired mean, and variances that approximated the 95% confidence interval surrounding their 
empirical estimates. 

Independent 
Female Survival 

Mean λ SD λ Lower 
95% λ 

Upper 95% 
λ 

Proportion λ < 1.0 
(declining) 

Proportion λ > 
1.0 

(increasing) 

Proportion λ < 0.98 
(> 2% decline) 

0.87 0.983 0.0347 0.9145 1.0489 68.6 31.4 46.3 
0.88 0.992 0.0349 0.9213 1.0574 58.3 41.7 36.7 
0.89 1.002 0.0349 0.9303 1.0673 47.1 52.9 22.5 
0.90 1.009 0.0348 0.9399 1.0750 39.0 61.0 28.0 
0.91 1.019 0.0349 0.9476 1.0848 27.8 72.2 16.4 
0.92 1.028 0.0356 0.9562 1.0949 20.9 79.1 8.7 
0.93 1.038 0.0363 0.9626 1.1046 15.5 

84.5 
2.4 

0.94 1.047 0.0353 0.9754 1.1129 10.1 89.9 3.4 
0.95 1.056 0.0359 0.9808 1.1212 6.8 93.2 2.3 

 
 
Fig. 2. Histograms of simulated λ given mean reproductive and juvenile female survival rates as 
estimated for the NCDE grizzly bear population 2004-09, and trial values of independent (age 2+) 
female survival. For cub survival (s0), yearling survival (s1), and independent female survival (s2+), beta 
distributions were generated using the mean, and variances from their empirical estimates. For 
reproductive rate (mx), a normal distribution was generated using the mean and variance from its 
empirical estimate (Mace et al. 2012).  
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Discussion 
 Table 9 and Fig. 2 should be interpreted with the following information in mind. The 
magnitudes of variability surrounding each estimate of λ account for uncertainty of estimates 
for reproductive and survival rates but not for any possible covariance among these rates 
(although this is likely to be relatively unimportant). Projections of λ produced in this way also 
implicitly assume that mean reproductive and juvenile survival rates would remain unchanged 
under hypothetical survival rates of independent females, as well as with associated changes in 
density and distribution of grizzly bears.    

To make an informed decision on the appropriate management goal for population 
management in the NCDE, managers need to consider Figure 3. Independent female survival is 
the vital rate that can be managed and carefully monitored to measure adherence to the 
management goal.  Pervious sections of this report have detailed the methods available to 
measure independent female survival.  The closer the management goal is to threshold 
management, the more uncertainty about the trajectory of the population increases.  
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Figure 3. The proportion of the 95% confidence interval around independent female survival in the 
NCDE that lies below λ = 1.0 for survival rates between 86% and 95%.  λ = 1.0 is a stable population 
with no increase in size.  The probability that the population is decreasing is represented by the Y axis 
(the proportion of the calculated  < 1.0).  Note that       
decreases. For example, at survival = 0.91, 29% of the 95% confidence interval is below λ = 1.0.  The 
larger the proportion of the 95% confidence interval below λ = 1.0, the greater the uncertainty that 
the population is stable to increasing. 

 
 

 
Section D: Supporting Information for  Demographic Standards 2-4 

 
Standard 2. Maintain a point estimate of independent female (2+ years’ old) survival of > 0.90 
averaged over the most recent 6-year period in the PCA and Zone 1. 
 

Two estimates of independent female survival will be calculated and reported by the 
NCDE Monitoring Team each year: 1) independent female survival over the entire PCA and Zone 
1, and 2) “All independent females excluding those whose annual home range is entirely within  
GNP” (See Section F).  
 The sample of radioed-females to use in survival analyses must meet the protocol of 
Mace et al. (2012) and Schwartz et al. (2006) as being “research females.”  For survival analysis 
#1 (above), all independent radioed-females throughout the PCA and Zone 1 in the sample will 
be used in the analysis including radioed female bears in Glacier National Park. For survival 
analysis #2 (above), all radioed females except those whose annual home range is entirely 
within the Park boundary will be used. 

Independent female survival will be estimated annually using the staggered-entry 
Kaplan-Meier (known fate) method as in Mace et al. (2012) or other appropriate method. 
Survival will be calculated and averaged over the most recent 6-year period to ensure adequate 
sample sizes.  Each year, females whose telemetry points are entirely within Glacier National 
Park will be excluded from survival analyses for the second estimate.  The known fate method 
of calculating survival is described in Appendix 2-1.  
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Standard 3:  Independent female mortality will not exceed 10% of the estimated number of 
independent females in the following two areas, whichever is reached first : 1) all independent 
females inside the PCA or Zone 1; and 2) all independent females excluding those whose annual 
home range is entirely within Glacier National Park. (See Appendix 2, Section F).  The average 
number of independent female mortalities from all causes in the areas described above, 
including grizzly bears dying from known and probable human-caused, natural, calculated 
unknown and unreported, and undetermined causes, will not exceed 10% of the projected 
population size of independent females estimated in either of the two areas described above, 
whichever is reached first, as averaged over the most recent 6-year period (e.g., 2006-2011, 
2007-2012, and so on).   Annual mortality reports will be used by population managers to 
determine maximum annual discretionary mortality. 
 
Standard 4:  Independent male mortality will not exceed 20% of the estimated number of 
independent males outside of Glacier National Park but inside the PCA or Zone 1 (see Appendix 
2, Section D, Table 13).  The average number of independent male mortalities from all causes 
outside of GNP but inside the PCA and Zone 1, including grizzly bears dying from known and 
probable human-caused, natural, calculated unknown and unreported, and undetermined 
causes, will not exceed 20% of the projected population size of independent males outside GNP 
as averaged over the most recent 6-year period (e.g., 2006-2011, 2007-2012, and so on).  
Annual mortality reports will be used by population managers to determine maximum annual 
discretionary mortality.   

Mortalities of independent females and males will be tallied and reported for the PCA 
and Zone 1, including Glacier National Park each year, and reported for the two areas described 
above.  Annual mortality reports of all bears will include all mortalities from all causes including 
grizzly bears dying from known and probable human-caused, natural, calculated unknown and 
unreported, and undetermined causes. Levels of unreported mortality will be estimated and 
updated using the methods of Cherry et al. (2002) and as described in Section E.  Few 
independent female mortalities occur within Glacier National Park (Table 10). Mortality records 
will be collected and maintained by the NCDE Monitoring Team led by MFWP.  

Mortality limits will be used by State and Tribal population managers to determine 
allowable discretionary mortality that will ensure the standards for survival and mortality are 
met. To calculate annual allowable independent male and female mortality, managers will use 
estimates of the population size as extrapolated from population trend (λ). Two estimates of 
lambda will be calculated and reported by the NCDE Monitoring Team each year: 1) lambda 
over the entire PCA and Zone 1, and 2) lambda for that portion of the population (See Section 
F) that use habitats either entirely outside of Glacier National Park plus that portion of the 
population that straddles the Park boundary. 

The 2 estimates of population trend will be calculated each year using the most recent 6 
years of vital reproductive and survival rate data obtained from the sample of radio-collared 
independent females. All vital population rates and associated standard errors will be 
estimated using the method of Mace et al. (2012) or other appropriate methods.  Population 
trend will be estimated using program RISKMAN or other appropriate model, including 

14 
 



NCDE Grizzly Bear Conservation Strategy Appendices February 2013 
 

measures of uncertainty.  Sub-adult and adult female survival rates will be pooled for analyses 
unless significant differences exist. Trends in all vital rates will be investigated annually.  

Each year, a total mortality limit of 10% of independent females will be calculated for 
the both: a) the entire population in the PCA and Zone 1 and separately for: b) all females 
except those living entirely within Glacier National Park. These calculations are given in Table 
11.  Second, the number of known and probable non-hunting independent female mortalities 
outside GNP will be averaged over the most recent a 6-year period. This average non-hunting 
mortality number will then be subtracted from the total limit of 10% to ascertain the number of 
discretionary mortalities available per year. Between 1999 and 2011, an average of 11 
independent females were known to die from non-hunting causes each year outside of Glacier 
National Park but within the PCA and Zone 1 but this number does not include the estimated 
unknown/unreported kills during that period (Table 12). 

Each year, a total mortality limit of 20% of independent males will be calculated for the 
both: a) the entire population in the PCA and Zone 1 and b) separately for those independent 
males expected to be using habitats outside the Park and straddling the Park boundary. These 
calculations are given in Table 13.  Second, the number of known and probable non-hunting 
independent male mortalities outside GNP will be averaged over the most recent a 6-year 
period. This average non-hunting mortality number will then be subtracted from the total limit 
of 20% to ascertain the number of discretionary mortalities available per year. Between 1999 
and 2011, an average of 14 independent males were known to die from non-hunting causes 
each year outside of Glacier National Park but within the PCA and Zone 1 but this number does 
not include the estimated unknown/unreported kills during that period (Table 14). 

 
Table 10.  Annual known and probable grizzly bear mortalities in the PCA and Zone 1 that showing 
mortalities within and outside Glacier National Park. Data do not include an estimate of unreported 
mortality; 1999-2011. 
Year Percent of all known 

or probable grizzly 
mortalities inside 

GNP 

Percent of independent 
female mortalities in the NCDE 

that occurred within GNP 

1999 0.0 0.0 

2000 0.0 0.0 

2001 4.2 0.0 

2002 7.1 0.0 

2003 6.7 0.0 

2004 0.0 0.0 

2005 0.0 0.0 

2006 21.4 20.0 

2007 0.0 0.0 

2008 7.1 0.0 

2009 19.0 20.0 
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2010 0.0 0.0 

2011 3.1 0.0 

Mean 4.3% 3.1% 

 
 
 

Table 11. Method to calculate annual sustainable mortality for independent females. 
Area Estimate of total number 

of females in given year 
(TFpop)a 

Proportion of 
independent females (2+ 

years old)b 

Proportion of 
independent females 
using habitats outside 

GNPc 

Independent 
female mortality 

limit (10%) 

a)PCA and Zone 1 = (471)λz 0.69 na TFpop)*0.69*0.10 
b)Proportion of population 
using 
 habitats outside GNP 

 

= (471)λz 
 

0.69 
 

0.71 
 

TFpop)*0.69*0.71*0.10 

2015 example  
a) PCA and Zone 1 (471)1.0311 = 652 652*0.69=450 na 450*0.10 = 45 
 b)Proportion of    
population using  
habitats outside GNP 

 
(471)1.0311 = 652 

 
652*0.69=450 

 
450*0.71=320 

 
320*0.10 = 32 

a estimate of 471 females in 2004 (Kendall et al. 2009), ), and trend of 1.03 from Mace et al. (2012). “Z” is the number of year’s post-2004. 
b see Section A for estimation of proportion of independent females from stable age distribution. 
C see Section F for estimated proportion of the population of grizzly bears that use habitats outside and straddling the boundary of Glacier 
National Park. 
Table 12.  Female mortality records for that portion of NCDE outside of Glacier Park.  
  Mortality Cause 

Year Est. independent 
female population  

outside of GNPa 

Mgmt 
Removals 

Public 
Discovery 

Unreported 
Estimate 

Telemetry 
Discovery 

Total % Mortalityb 

1999 209 0 4 5 0 9 3.2 
2000 215 2 6 8 1 17 5.9 
2001 221 2 5 7 0 14 4.7 
2002 227 1 4 5 0 10 3.3 
2003 234 1 1 1 0 3 1.0 
2004 242 3 3 4 4 14 4.3 
2005 248 5 1 1 1 8 2.4 
2006 256 1 0 1 2 4 1.2 
2007 263 0 6 8 1 15 4.2 
2008 272 3 2 2 0 7 1.9 
2009 280 0 5 7 2 14 4.0 
2010 288 2 0 1 2 5 1.6 
2011 296 2 7 9 0 18 4.5 
Mean  1.77 3.38 4.54 1.08 10.77 3.2% 

a Estimated number of females derived from Kendall et al.’s (2009) estimate of 471 total females in 2004. Seventy-five percent of the 
population is estimated to use habitats outside of Glacier National Park. Population grew at a lambda of 1.03 (Mace et al. 2012).  
b Total mortality/population size. 

 
Table 13.  Method to calculate annual sustainable mortality for independent males. 
Area  

Estimate of total number 
of males in given year 

(TFpop)a 

Proportion of 
independent males (2+ 

years old)b 

Proportion of 
independent males using 

habitats outside GNPc 

Independent male 
mortality limit 

(20%) 

a)PCA and MZ1 = (295)λz 0.56 na TFpop)*0.56*0.20 
b)Proportion of population 
using 
 habitats outside GNP 

 

= (295)λz 
 

0.56 
 

0.79 
 

TFpop)*0.56*0.79*0.20 

2015 example  
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a) PCA and MZ1 (295)1.0311 = 408 408*0.56=228 na 237*0.20 = 47 
 b)Proportion of    
population using  
habitats outside GNP 

 
(295)1.0311 = 408 

 
408*0.56=228 

 
228*0.79=180 

 
180*0.20 = 36 

a estimate of 295 males in 2004 (Kendall et al. 2009), and trend of 1.03 from Mace et al. (2012). “Z” is the number of year’s post-2004. 
b see Section A for estimation of proportion of independent males from stable age distribution. 
C see Section F for estimated proportion of the population of grizzly bears that use habitats outside of Glacier National Park. 

 
Table 14.  Male mortality records for that portion of the PCA and Zone 1 outside of Glacier Park.  
  Mortality Cause 

Year Est. independent 
male population  
outside of GNPa 

Mgmt 
Removals 

Public 
Discovery 

Unreported 
Estimate 

Telemetry 
Discovery 

Total % Mortalityb 

1999 116 5 2 2 2 11 9.5 
2000 120 3 1 1 0 5 4.2 
2001 123 5 5 7 2 19 15.4 
2002 127 3 4 5 0 12 9.4 
2003 131 3 1 1 0 5 3.8 
2004 135 1 6 8 0 15 11.1 
2005 139 2 8 11 1 22 15.8 
2006 143 2 1 1 1 5 3.5 
2007 147 2 10 14 0 26 17.7 
2008 152 1 4 5 0 10 6.6 
2009 156 1 6 8 0 15 9.6 
2010 161 7 3 4 0 14 8.7 
2011 166 7 6 9 1 23 13.9 
Mean  3.2 2.3 4.0 5.4 14 9.9% 

a Estimated number of males derived from Kendall et al.’s (2009) estimate of 294 total males in 2004. Population grew at a lambda of 1.03 
(Mace et al. 2012). Independent males are assumed to be 58% of total using stable state probabilities from program RISKMAN.  Seventy-nine 
percent of the population is estimated to use habitats outside of Glacier National Park. 
b Total mortality/population size. 
 

 
 
Section E.  Estimating the Level of Unreported Mortality for Grizzly Bears in the NCDE 

 
Mace, R. and L. Roberts. 2011. Northern Continental Divide Ecosystem Grizzly Bear 
Monitoring Team Annual Report, 2009-2010. Montana Fish, Wildlife & Parks, 490 N. Meridian 
Road, Kalispell, MT 59901. Unpublished data. 

 
Introduction 

Grizzly bear mortalities in the NCDE are recorded annually. The number grizzly bear of 
deaths involving agency removals, and those that die while wearing functional radio collars are 
know with certainty. However, managers acknowledge that not all dead bears discovered by 
the public are reported to authorities. To more accurately estimate the total number of bear 
mortalities occurring each year requires an estimate of the level of these unreported 
mortalities. Although such estimates are available for the Greater Yellowstone Ecosystem, and 
are incorporated into annual total mortality tabulations no such estimates have been made for 
the NCDE. To more accurately estimate annual total mortality in the NCDE, we employed the 
methods of Cherry et al. (2002) using a sample of radio-instrumented bears. 
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Methods 
  Cherry et al. (2002) provided a method wherein radio-collared bears that died were 

used to estimate additional grizzly bear deaths that go undetected. Each death of an 
independent aged (2 + years old) radioed-instrumented bear, monitored between 1999 and 
2010, was classified as being either reported by the public or unreported by the public. We 
defined a reported death as one where either a radioed or non-radioed bear that was reported 
to wildlife management authorities by the public without the aid of radio-telemetry. We 
defined an unreported death as the death of a radioed bear discovered by telemetry. Bears 
reported by employees of other state, federal, or tribal agencies were considered publicly 
reported deaths. Likewise, bear/train collisions reported by Burlington Northwestern personnel 
were considered to be public reportings. 

We used a sample of independent-aged (2+ years old) grizzly bears radioed-monitored 
at time of death, 1999-2010. We considered deaths where bears were wearing a functional 
radio collar at time of death, and were radio-monitored within 2 months of death. Additionally, 
the death had to be either a known death (a carcass or other evidence) or a probable death 
(Strong evidence of death, but no carcass) (Cherry et al. 2002). We excluded radioed bears that 
were removed from the ecosystem due to conflicts with humans (management removals). 

The number of reported and unreported deaths of radio bears was then used in the 
Bayesian method of Cherry et al. (2002), to estimate the number of grizzly bear deaths that go 
unreported each year. As per the Interagency Grizzly Bear Study Team document (2005), we 
used the median of the creditable interval for the estimated reported and unreported loss. 

 
Results 

 We used data from 32 radio-collared bears to estimate the ratio of unreported to 
reported mortalities in the NCDE. We drew inference from 13 and 19 instrumented males and 
females, respectively. For males, 53.8% of the deaths were reported, while 31.5% of the female 
deaths were reported (Table 15). When sexes were combined, 40.6% of the deaths were 
reported, and 51.43% were unreported. The ratio of unreported to reported deaths for both 
sexes suggest that for every 1 reported death there are 1.43 deaths were not reported to 
management authorities. 
 The estimated total reported and unreported deaths per year is provided in Table 16 
given the unreported rate of 1.43. To calculate total mortality of independent aged bears of 
each sex annually, sanctioned management removals, and removals of radio-collared bears 
must be add to this total.  
 
Table 15. Cause of death for 32 radio-collared grizzly bears in the NCDE that were used to judge the 
level of unreported mortality; 1999-2010.   
Cause of death Reporting of Mortality by Sex Total 

 Male Female  

 Reported by Public Unreported by Public 
(due to telemetry) 

Reported by Public Unreported by Public 
(due to telemetry) 

 

Train collision 2 0 3 0 5 

Automobile collision 2 0 0 0 2 

Defense-of-life 0 0 1 0 1 

Illegal 3 4 2 3 12 
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Table 16. Estimated number of reported and unreported deaths of grizzly bears each year based on 
the ratio of unreported to reported deaths (1.43) of a test sample of radioed bears. These numbers 
should be used separately for male and female deaths. 
Number of Publicly Reported 
Deaths per yeara 

Estimated Number of 
Unreported  Deaths per year 

Total Reported and 
Unreported Deaths per yearb 

0 1 1 

1 1 2 

2 2 4 

3 4 7 

4 5 9 

5 7 12 

6 8 14 

7 9 16 

8 11 19 

9 12 21 

10 14 24 

a the number of deaths in the official mortality records reported by the public.  
b the median of the credible interval for reported and unreported mortalities (Cherry et al. 2002). 
 

 

Section F. Proportion of grizzly bear population using habitats outside of Glacier National 
Park: Where do the mortality standards apply 

 
Prepared by: Richard Mace, John Waller, Dan Carney, Chris Servheen 
 
 
Introduction 

This chapter contains a description of management zones, and outlines proposed 
population management strategies. Management of independent male and female mortality 
limits is a central part of the Chapter. Within the PCA and Management Zone 1, there are 2 
standards (3 and 4) which pertain to allowable mortality limits for independent males and 
females. It is necessary to determine where within the PCA, and what portion of the male and 
female population are subject to the mortality standards of 10% for independent females and 
20% of independent males. 

The PCA can be divided into 2 main areas regarding mortality standards; Glacier 
National Park where the use of discretionary mortality is very limited, and the remainder of the 
PCA where there is most discretionary mortality management would be applied. It is therefore 

Undetermined 0 1 0 8 9 

Natural 0 1 0 2 3 

Total 7 6 6 13 32 
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necessary to determine the proportion of the total population of independent males and 
females that occupy habitats either wholly or partly outside of Glacier National Park. 
 
Methods 

To address this issue, we used home ranges from radio-instrumented female grizzly 
bears, and DNA detections at rub-trees for the period 2009-2011 (Kendall, USGS unpublished 
data; email to C. Servheen dated 5 July, 2012). Location data on these radioed females were 
obtained as a part of the NCDE Grizzly Bear Trend Monitoring Program (Mace et al. 2012). 

For the radioed sample of females, we examined the home ranges of those individuals 
that lived within and directly adjacent to Glacier National Park. We did not include bears 
captured and radioed during human conflict situations. For each individual and year, we used 
the telemetry coordinates and calculated the standard radius (km) of each bears annual home 
range (Harrison 1958, Single and Roseberry 1989). The standard radius was calculated as Di = 
√((x2-x1)2+(y2-y1)2). Using GIS, we then buffered the boundary of Glacier Park using this radius. 
Each female was categorized as having a home range that was 1) 100% within Glacier Park, 2) 
100% outside of the park but within the buffer, or 3) bears whose home range straddled the 
Park. For these females, we determined the percentage of telemetry points within and outside 
Glacier Park. The percentage was assumed to be closely correlated with the amount of time 
bears spend in and out of the park. 
 We then evaluated the individual male and female grizzly bears that were detected at 
through DNA at rub-trees to ascertain the proportion of individuals in 3 geographic zones. 
These zones were: 1) a buffer zone that was the average home range radius extending outside 
the Park boundary plus a home range radius that extended inside the Park boundary, 2) the 
internal portion of GNP not within the buffer zone, and 3), the area of the NCDE outside the 
buffer surrounding the Park (Fig. 4). The proportions of males and females detected in each 
zone were then determined. 
 
Results 
 
Home Range Location Relative to GNP 
 We evaluated 76 home ranges of 34 females that lived in or adjacent to Glacier Park. 
Home ranges were developed for the period 2004-2011, and individual females had between 1 
and 6 annual home ranges within the sample. Most home ranges (59%) straddled the Park 
boundary (Table 17). Home range diameters were, on average, smallest for bear that lived 
100% within the Park, and largest (mean = 6.07 km) for females that straddled the Park 
boundary. For the pooled sample, the average home range radius was approximately 5 km. For 
the bears that straddled the Park, an average of 57.02% of their locations were within the Park 
(Table 18), while 42.98% were outside the Park.  A sample of multi-annual female home ranges 
that straddle the GNP boundary is shown in Fig. 5. 
 
DNA Rub-tree Detections  
 Comments by K. Kendall (USGS) regarding the results of the distribution grizzly bear 
detections at rub-trees are as follows. “The proportion of bears detected in each zone was 
similar for hair traps and bear rubs in 2004. The proportion of bears outside of GNP and the 

20 
 



NCDE Grizzly Bear Conservation Strategy Appendices February 2013 
 

buffer was consistently higher 2009-2011 than in 2004.  This is consistent with preliminary 
analysis of trend data from bear rub monitoring suggesting that the population inside GNP 
increased slightly or was stable 2004-2010 and the population outside GNP increased at a 
higher rate.  We sampled all of habitat in the NCDE thought to be occupied by grizzlies in 2004, 
which extended beyond the Recovery Zone boundary.  The proportions in the table do not 
include 21 individuals detected in 2004 and 16 individuals detected in 2009-2011 whose 
average locations were outside the Recovery Zone boundary.  Obviously, if these bears were 
included, the proportion of the population occurring outside the park would be higher.  We did 
not sample in Canada so we had no detections in the buffer north of the border.” 
 
 For females, 75% of the individuals were detected in either the 12 km buffer around the 
Park or in the remainder of the NCDE (Table 18). This is the assumed proportion of the 
independent female population in the NCDE that either do not use the Park or move between 
the Park and non-park habitats. 
 
 For males, 79% of the individuals were detected in either the 12 km buffer around the 
Park or in the remainder of the NCDE (Table 18). This is the assumed proportion of the 
independent male population in the NCDE that either do not use the Park or move between the 
Park and non-park habitats. 
  
Table 17. Home range radius size for bears living 100% outside GNP, 100%  
inside of GNP, and for those bears whose ranges straddled the Park boundary. 
 

Female Home Range Relationship 
Relative to Glacier Park 

Radius of Home Range (km) 

 Mean -95% CI +95% CI n SE 

100% In GNP 2.799 2.289 3.308 21 0.244 
100% Out Of GNP 4.645 3.515 5.775 10 0.499 
Straddle Park Boundary 6.070 5.044 7.096 45 0.509 
All Groups 4.979 4.273 5.684 76 0.354 

 
 
Table 18. Proportion of males and females detected by DNA at rub-trees in different zones within the 
NCDE (Kendall, USGS, unpublished data). 
 

Area of the NCDE % of population 
detected at rub-trees 

in each zone 
FEMALES  
GNP Core 24% 
12 km buffer around GNPa 16% 
Remainder of NCDEb 59% 
a +b 75% 
MALES  
GNP Core 22% 
12 km buffer around GNPa 18% 
Remainder of NCDEb 61% 
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a +b 79% 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Location of 3 geographic zones used to judge the proportion of the male and female grizzly 
bear population that use non-park habitats; Core GNP, a 12 km wide buffer (6 km internal to park 
boundary, and 6 km outside the boundary), and the remainder of the NCDE. 

 
 

Figure 5.  Female grizzly bear convex polygon home ranges (multi-annual) relative to Glacier National 
Park, for those females who used both Park and non-park habitats; 2004-2011. 
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Appendix 3 
Habitat Baseline 2011 – Motorized Access in Each Bear Management Subunit 

 
BMU Subunit Name Principal Agency OMRD TMRD CORE 
BATM Badger LCNF-Rocky Mtn Front RD 0 0 94 
BATM Heart Butte LCNF-Rocky Mtn Front RD 1 0 81 
BATM Two Medicine LCNF-Rocky Mtn Front RD 2 1 87 
BGSM Albino Pendant FNF-Spotted Bear RD 0 0 100 
BGSM Big Salmon Holbrook FNF-Spotted Bear RD 0 0 100 
BGSM Black Bear Mud FNF-Spotted Bear RD 0 0 100 
BGSM Brushy Park FNF-Spotted Bear RD 0 0 100 
BGSM Buck Holland FNF-Swan Lake RD 24 41 49 
BGSM Burnt Bartlett FNF-Spotted Bear RD 0 0 100 
BGSM Hungry Creek FNF-Spotted Bear RD 0 0 100 
BGSM Little Salmon Creek FNF-Spotted Bear RD 0 0 100 
BGSM Meadow Smith FNF-Swan Lake RD 21 53 41 
BGSM White River FNF, Spotted Bear RD 0 0 100 
BITE Birch LCNF-Rocky Mtn Front RD 0 0 93 
BITE Teton LCNF-Rocky Mtn Front RD 12 4 75 
BNKR Big Bill Shelf FNF-Spotted Bear RD 11 2 87 
BNKR Bunker Creek FNF-Spotted Bear RD 5 3 92 
BNKR Goat Creek FNF-SLRD & MT DNRC 23 59 42 
BNKR Gorge Creek FNF-Spotted Bear RD 0 0 100 
BNKR Harrison Mid FNF, - Spotted Bear RD 1 0 99 
BNKR Jungle Addition FNF-Spotted Bear RD 19 17 68 
BNKR Lion Creek FNF-SLRD & MT DNRC 19 47 51 
BNKR South Fork Lost Soup FNF-SLRD & MT DNRC 25 48 40 
BNKR Spotted Bear Mtn FNF-Spotted Bear RD 20 18 68 
CODV Pentagon FNF-Spotted Bear RD 0 0 100 
CODV Silvertip Wall FNF-Spotted Bear RD 0 0 100 
CODV Strawberry Creek FNF-Spotted Bear RD 0 0 100 
CODV Trilobite Peak FNF-Spotted Bear RD 0 0 100 
DELK Falls Creek LCNF-Rocky Mtn Front RD 0 0 85 
DELK Scapegoat LCNF-Rocky Mtn Front RD 2 0 83 
HGHS Coram Lake Five FNF-Hungry Horse RD 30 46 18 
HGHS Doris Lost Johnny FNF-Hungry Horse RD 57 19 36 
HGHS Emery Firefighter FNF-Hungry Horse RD 19 20 53 
HGHS Peters Ridge FNF-HHRD & SLRD 52 25 34 
HGHS Riverside Paint FNF-Hungry Horse RD 19 16 73 
HGHS Wounded Buck Clayton FNF-Hungry Horse RD 28 28 65 
LMFF Dickey Java FNF-Hungry Horse RD 9 0 85 
LMFF Lincoln Harrison Glacier NP 0 0 98 
LMFF Moccasin Crystal FNF-Hungry Horse RD 8 1 81 
LMFF Muir Park Glacier NP 0 0 98 
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BMU Subunit Name Principal Agency OMRD TMRD CORE 
LMFF Nyack Creek Glacier NP 0 0 100 
LMFF Ole Bear Glacier NP 0 0 94 
LMFF Pinchot Coal Glacier NP 0 0 99 
LMFF Stanton Paola FNF-Hungry Horse RD 8 3 83 
LNFF Anaconda Creek Glacier NP 5 0 94 
LNFF Apgar Mountains Glacier NP 15 4 81 
LNFF Canyon McGinnis FNF-GVRD & FNF-TLRD 18 30 56 
LNFF Cedar Teakettle FNF-Glacier View RD 35 32 24 
LNFF Dutch Camas Glacier NP 6 0 93 
LNFF Lake McDonald Glacier NP 13 5 85 
LNFF Lower Big Creek FNF-Glacier View RD 18 20 66 
LNFF Upper McDonald Creek Glacier NP 9 2 90 
LNFF Werner Creek FNF-Glacier View RD 19 21 42 
MSRG Beaver Creek FNF-Swan Lake RD 6 26 66 
MSRG Cold Jim FNF-Swan Lake RD 18 56 43 
MSRG Crane Mtn FNF-Swan Lake RD 28 56 38 
MSRG Crow Flathead IR 6 3 92 
MSRG Glacier Loon FNF-Swan Lake RD 22 43 45 
MSRG Hemlock Elk FNF-Swan Lake RD 6 30 64 
MSRG Piper Creek FNF-SLRD & MT DNRC 19 43 52 
MSRG Porcupine Woodward FNF-SLRD & MT DNRC 28 72 15 
MSRG Post Creek Flathead IR 10 5 87 
MSRG Saint Marys Flathead IR 4 2 94 
MLFK Alice Creek HNF-Lincoln RD 9 17 71 
MLFK Arrastra Mountain HNF-Lincoln RD 15 19 75 
MLFK Monture LNF-Seeley Lake RD 1 0 99 
MLFK Mor-Dun LNF-Seeley Lake RD 17 17 78 
MLFK N-Scapegt LNF-Seeley Lake RD 0 0 100 
MLFK Red Mountain HNF-Lincoln RD 22 20 62 
MLFK S-Scapegt LNF-Seeley Lake RD 10 14 79 
MULK Krinklehorn KNF-Fortine RD 22 14 75 
MULK Therriault KNF-Fortine RD 25 9 72 
NFSR Lick Rock LCNF-Rocky Mtn Front RD 0 0 100 
NFSR Roule Biggs LCNF-Rocky Mtn Front RD 0 0 100 
NEGL Belly River Glacier NP 0 0 99 
NEGL Boulder Creek Glacier NP & Blackfeet IR 18 13 76 
NEGL Chief Mtn Glacier NP & Blackfeet IR 28 10 53 
NEGL Poia Duck Glacier NP & Blackfeet IR 23 8 68 
NEGL Upper Saint Mary Glacier NP 11 1 89 
NEGL Waterton Glacier NP 0 0 100 
RTSN Mission LNF-Seeley Lk RD & MFWP 23 57 33 
RTSN Rattlesnake LNF-Missoula RD 3 13 86 
RTSN South Fork Jocko Flathead IR 38 14 59 
SUBW South Fork Willow LCNF-Rocky Mtn Front RD 8 2 88 
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BMU Subunit Name Principal Agency OMRD TMRD CORE 
SUBW West Fork Beaver LCNF-Rocky Mtn Front RD 12 4 84 
SEGL Divide Mtn Glacier NP & Blackfeet IR 32 25 67 
SEGL Midvale Glacier NP & Blackfeet IR 7 4 87 
SEGL Spot Mtn Glacier NP & Blackfeet IR 10 3 79 
STRV Lazy Creek MT DNRC 68 62 10 
STRV Stryker MT DNRC 37 33 50 
STRV Upper Whitefish MT DNRC 34 57 54 
SLVN Ball Branch FNF-Spotted Bear RD 8 4 84 
SLVN Jewel Basin Graves FNF-Hungry Horse RD 19 19 72 
SLVN Kah Soldier FNF-Spotted Bear RD 19 18 69 
SLVN Logan Dry Park FNF-HHRD & FNF-SBRD 30 33 54 
SLVN Lower Twin FNF-Spotted Bear RD 9 2 91 
SLVN Noisy Red Owl FNF-Swan Lake RD 22 14 59 
SLVN Swan Lake FNF-Swan Lake RD 40 23 46 
SLVN Twin Creek FNF-Spotted Bear RD 0 0 100 
SLVN Wheeler Quintonkon FNF-HHRD & FNF-SBRD 25 17 66 
TESR Deep Creek LCNF-Rocky Mtn Front RD 4 2 73 
TESR Pine Butte LCNF-Rocky Mtn Front RD 6 2 71 
UMFF Flotilla Capitol FNF-HHRD & FNF-SBRD 0 0 100 
UMFF Long Dirtyface FNF-Hungry Horse RD 0 0 100 
UMFF Plume Mtn Lodgepole FNF-HHRD & SBRD 0 0 100 
UMFF Skyland Challenge FNF-Hungry Horse RD 20 17 63 
UMFF Tranquil Geifer FNF-Hungry Horse RD 0 2 90 
UNFF Bowman Creek Glacier NP 6 0 93 
UNFF Coal & South Coal FNF-Glacier View RD 15 21 72 
UNFF Ford Akokala Glacier NP 7 1 93 
UNFF Frozen Lake FNF-Glacier View RD 10 4 86 
UNFF Hay Creek FNF-Glacier View RD 24 13 55 
UNFF Ketchikan FNF-Glacier View RD 16 3 72 
UNFF Kintla Creek Glacier NP 3 0 96 
UNFF Logging Creek Glacier NP 4 0 94 
UNFF Lower Whale FNF-Glacier View RD 36 17 50 
UNFF Quartz Creek Glacier NP 4 0 93 
UNFF Red Meadow Moose FNF-Glacier View RD 25 17 55 
UNFF State Coal Cyclone FNF-GVRD & MT DNRC 31 24 59 
UNFF Upper Trail FNF-Glacier View RD 14 4 88 
UNFF Upper Whale Shorty FNF-Glacier View RD 12 10 86 
USFF Basin Trident FNF-Spotted Bear RD 0 0 100 
USFF Gordon Creek FNF-Spotted Bear RD 0 0 100 
USFF Jumbo Foolhen FNF-Spotted Bear RD 0 0 100 
USFF Swan LNF-Seeley Lake RD 32 16 55 
USFF Youngs Creek FNF-Spotted Bear RD 0 0 100 
      
 Indicates subunit is ≥50% federal or tribal wilderness of all lands within subunit. 
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BMU Name Residences 
Overnight Sites 

Campgrounds Day-Use Trailheads Admin. 
# sites type of capacity 

Badger Two Medicine - - - 1 (17) 1 7 2 
Big Salmon 32 2 7 cabins; 9 rooms 4 (50) 5 8 12 
Birch Teton 7 1 6 cabins; 1 room 3 (23) 3 8 1 
Bunker - 3 17 cabins; 2 rooms; 4 bunkhouses 7 (54) 6 26 5 
Continental Divide - - - - - - 5 
Dearborn Elk 1 - - - 1 3 2 
Hungry Horse - - - 11 (139) 20 39 6 
Lower Middle Fork Flathead 10 - - 12 (32) 7 16 12 
Lower North Fork Flathead 82 9 54 cabins; 185 rooms; 2 bunkhouses; 362 

emp. beds 
19 (726) 35 60 24 

Mission Range 1 1 1 cabin 1 (22) 5 17 - 
Monture Landers Fork - 1 1 cabin 4 (42) 11 28 8 
Murphy Lake - 5 5 cabins 8 (29) 12 41 1 
Northeast Glacier - 4 27 cabins; 350 rooms; 294 emp. beds 27 (429) 16 28 14 
North Fork Sun River - - - - - - 5 
Rattlesnake - 1 1 cabin 1 (3) - 6 - 
Southeast Glacier - - - 11 (143) 9 14 8 
Sullivan 20 2 9 cabins;  1 room;  1 bunkhouse 8 (89) 9 30 6 
Stillwater River - - - 2 (3) - 2 1 
South Fork Sun Beaver Willow 74 4 19 cabins; 2 rooms; 3 bunkhouses; 3 RV 6 (65) 2 15 8 
Teton Sun River 17 1 2 bunkhouses 2 (32) 2 10 4 
Upper Middle Fork Flathead - 2 2 cabins 2 (21) 3 12 4 
Upper North Fork Flathead 7 7 7 cabins 24 (153) 6 36 21 
Upper South Fork Flathead - 1 1 cabin - 3 5 6 
Residences. These are full-time or seasonal recreational residences.  We have no authority to limit increases in capacity at these sites so it is not reported for these essentially private 

residences.  However, there will be no new residences allowed.   
Overnight Sites. Cabin rentals, guest lodges with or without rooms and/or cabins, camps, etc.  Capacity is the number of cabins, rooms, bunkhouses, employee beds (Glacier NP) and RV sites. 
Campgrounds. List # of campgrounds with # of campsites in parentheses, i.e. “2 (32)” is two separate campgrounds with a total number of 32 sites.  Campground development ranges from fully 

developed with all amenities to very minimal development.  There are group sites included; however, the number accommodated at one group site is variable. 
Day-Use.  Site includes businesses, restaurants, river/lake access, picnic areas, points of interests, etc. 
Trailheads.  Trailheads range from fully developed to a turn-out at a road closure. 

Appendix 4 
Habitat Baseline 2011 – Developed sites in Each Bear Management Unit 
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Admin. Administrative sites include ranger stations, work centers, guard stations, active fire lookouts, etc.  While these sites are not subject to the Developed Site standards, increases in 
the number of administrative sites on Federal lands will be minimized so they are reported here to provide transparency and accountability.
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Appendix 5 
Protocol Paper for Motorized Access Analyses Application Rule 

 
EXECUTIVE SUMMARY 

 
This Protocol Paper contains a descriptive explanation of the application rule for motorized access 
density and secure core analyses as well as key points for the components, input GIS layers, and actual 
processes.  The paper is intended to provide the reader with both a general background for moving 
window route density and secure core analyses as well as specific information and requirements for the 
Northern Continental Divide Ecosystem (NCDE) Conservation Strategy (2012). 
 
A moving window type of motorized access density analysis requires several components:  1) a road 
layer;  2) a trail layer;  3) analysis area(s); and 4) a good vector and raster-based GIS software package.  
The secure core area analysis involves buffering roads and trails a given distance, using GIS software.  
Either raster or vector GIS software will work for the secure core analysis, but vector is more commonly 
used. 
 
There are five sections within the Protocol Paper: 
 

1. BACKGROUND gives some history and rationale for methods of calculating road densities, 
and a general description of the moving window and security analyses. 

2. ANALYSIS COMPONENTS describes the GIS software and individual GIS layers needed for 
the analyses. 

3. GIS PROCESSES outlines and describes the procedures for the analyses, as non-technical as 
possible. 

4. NCDE CONSERVATION STRATEGY ANALYSES gives the specifics for running the moving 
window and secure core procedures for grizzly bear analysis for programmatic and project 
level work within the NCDE. 

5. LITERATURE CITED. 
 

BACKGROUND 
 
Until 1993, road density was calculated by dividing the total miles of roads by the square miles for a 
analysis area resulting in a linear average density.  GIS technology has allowed the user to place buffers 
around roads or trails, create density contour maps, and calculate density.  Traditionally, the analysis 
area has been about 5,000 to 15,000 acres (7.81 to 23.44 square miles).  Currently, BMU Subunits are 
used for the analysis area, approximating the 50 square miles of a female grizzly bear home range. 
 
For a moving window density, each pixel (square unit of land, 30 meters by 30 meters in size for the 
NCDE) is assigned an access route density value based upon the roads and trails within the specified 
surrounding window, where the window size is commonly 1 square mile or 1 square kilometer.  The 
square mile or kilometer is the "window" surrounding a pixel.  The "moving window" refers to the actual 
process that the GIS software program utilizes.  Starting in the upper left corner, the first pixel is 
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assigned an access route density value based upon its surrounding window; the program moves over 1 
pixel and assigns this next pixel a density value based upon its surrounding window; move over 1 pixel 
and that pixel is assigned a density; etcetera until the entire file has been analyzed pixel by pixel.  This 
can then be summarized as the proportion of the analysis area in various density classes. 
 
As described in the Interagency Grizzly Bear Committee (IGBC) Motorized Access Management report 
(1994, 1998) and referenced in the NCDE Conservation Strategy (2012), the moving window analysis 
should be used for calculating the open road and motorized trail, and total motorized access route 
densities for a given analysis area.  Moving window processes are used to create two access route 
density maps:  1) open motorized access (open roads and open motorized trails); and 2) total motorized 
access (motorized roads and motorized trails).  The output for the analysis area is provided in 
percentages of one mile route density increment classes.  Traditionally in linear average density, we 
might have stated that analysis area 'B' has 1.00 miles of total roads per square mile.  The main benefit 
from the moving window density analysis is the spatial display of the access route density by one mile 
classes.  The user can see where the density is high within the analysis area, rather than just the average 
density over the entire area.  Instead of knowing the analysis area 'B' had 1.0 mile/sq mile, we would 
know that 33% of the area had greater than 3.0 mile/sq mile and 67% had 0.0 mile/sq mile density, and 
more importantly, where that high density occurs within the analysis area relative to secure habitat. 
 
Secure habitat is defined as areas that do not have human access.  Referred to as Core Areas in the IGBC 
Motorized Access Management report (1994, 1998), these areas are defined as being >0.3 miles (500 
meters) from any open road, motorized road or trail, and high use road or trail.  Per IGBC direction, core 
areas are to include seasonal habitats represented in proportion to that of the analysis area.  And once 
established, core areas are to remain in place for at least ten years.  The South Fork Grizzly Bear Study 
defined secure habitat as polygons greater than 2000 acres, farther than a  mile from any road or trail.  
The NCDE Conservation Strategy defines Secure Core as areas more than 500m (0.3 miles) from open or 
gated wheeled motorized access routes, at least 2,500 acres in size, and in place for 10 years. 
 
For the purposes of this protocol paper, the standards, prodecures, and analyses will follow those 
outlined in the NCDE Conservation Strategy for open route density (OMRD), total route density (TMRD), 
and Secure Habitat. 
 

ANALYSIS COMPONENTS 
 
GIS software 
 
Raster GIS software packages generally have some sort of moving window program.  This program 
systematically moves throughout the whole file, analyzing each pixel based upon the surrounding pixels 
(=window).  For instance, a 3x3 window would analyze 3 rows by 3 columns of pixels, or 9 pixels.  The 
center pixel would be the analysis pixel and would be assigned a new value based upon the class values 
of the 9 window pixels.  The road density analysis utilizes a sum, or count, analysis of the window.  As of 
August 2001, four GIS software packages have been used to run a moving window analysis: ERDAS, 
ARC/Info GRID, ArcGIS, or EPPL7.  For the NCDE, Arc/Info GRID and ArcGIS are currently used.  The 
problem does not seem to be the mechanics of the moving window, most raster-based GIS software 
packages have some sort of filtering routine.  However, some software packages do not have the 
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program set with a large enough window size to allow a one square mile moving window.  At 50 meter 
pixels, it is 32 by 32 pixels for one square mile; at 30 meters, it is 54 by 54 pixels. 
 
Due to differences between vector to raster algorithms and in actual moving window calculations, it is 
strongly recommended that the same software package, utlized to develop the standards, is utilized for 
all analyses.  If this is not feasible, then extra steps in the analysis may be needed so that, using the 
same GIS coverages, the processes and software used to analyze will provide the same results as the 
processes and software used to develop the standards. 
 
 
Analysis area layer 
 
This refers to the area(s) for which the road density classes are evaluated. For grizzly bear analyses, the 
IGBC Motorized Access Management report recommends analysis areas that approximate a grizzly bear 
female home range, incorporate all seasonal habitats when possible, and generally follow watershed 
boundaries or other topographic features.  These analysis areas have been delineated for the NCDE and 
are referred to as Bear Management Unit (BMU) subunits, or just subunits. 
 
Due to motorized routes near enough to affect density or secure core within the analysis area(s), the 
BMU subunit(s) should be buffered at a distance to include any routes within the influence zone.  For 
NCDE Conservation Strategy analyses, that distance is one mile (1609.344 meters), although the actual 
distance is 0.7072 miles (1138 meters) which is half the distance of the diagonal within the one mile 
square window.  This buffered analysis area should be used for clipping all data as well as the area for 
the raster moving window analysis.  If using a circular moving window, it is the radius of that circular 
window. 
 
While BMU subunits are not needed to directly run the moving window or secure core analyses, it is 
required to summarize the results of the analyses.  Moving window analyses may be used to look at 
road density for other purposes than grizzly bears.  In those cases, it may be appropriate to use some 
other analysis area for summarizing the results. 
 
Road layer 
 
Each road which is applicable to the analysis should be uniquely identified.  This allows the user to 
develop "what-if" scenarios.  While it may be obvious to one person that several roads will always be 
included in all alternatives, someone else may wish to analyze the "what if those roads were 
decommissioned" situation.  Regardless of whether or not each road is uniquely identified, roads should 
be attributed with their jurisdiction, road management, and, if applicable, type of closure device.  
Jurisdiction refers to what agency actually has jurisdiction on the road.  This is not always the same as 
the landowner.  For example, a State Department of Natural Resources & Conservation (DNRC) road 
crosses Forest Service land, the jurisdiction of the road is State, but the landowner is Forest Service.  For 
the purposes of the motorized access analysis, it is a State road.  Federal and state highways (primary 
and secondary only), county roads, and small private roads will need to be identified.  Road 
management provides information on whether the road is open yearlong or seasonally, closed 
(=restricted) yearlong, etc.  Seasonally open roads will need to have the dates of closure.  If a road is 
closed for all or part of the year, the type of closure device will be required.  Additionally, each road 
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should be attributed for the following characteristics during the non-denning season (April 1 through 
November 30).  Definitions are based upon the IGBC Motorized Access Management report with verbal 
clarification from individual committee members (see Flathead NF, Land Resource Management Plan, 
Amendment 19 project file). 
 
 

ROAD 
All created or evolved routes that are >500 feet long (minimum inventory standard 
for the Forest Service INFRA data base), which are or were reasonably and prudently 
driveable with a conventional passenger car or pickup. 

 
OPEN ROAD 

 A road without legal restriction or physical obstructions on motorized vehicle 
use. 

 
RESTRICTED ROAD 

 A road on which motorized vehicle use is legally restricted, or physically 
obstructed, seasonally or yearlong.  The road requires physical obstruction 
(gate, berm, jersey barrier, etc.).  As indicated above, restricted roads will need 
two attributes: duration of  restriction/obstruction, and type of closure device. 
For duration of restriction/obstruction, assign yearlong or seasonal.  If the latter, 
include dates of restriction.  For closure device, provide the type, such as gate, 
berm, barrier, rock, natural vegetation, etcetera. 

 
HISTORICAL ROAD 

Sometimes referred to as a reclaimed or obliterated road, a historical road has 
been treated in such a manner so as to no longer function as a road or trail, and 
the road is no longer considered part of the agency’s road system.  This can be 
accomplished through one or a combination of several means including: 
recontouring to original slope, placement of logging, road, or forest debris, 
planting or shrubs or trees, etc.  Culverts and bridges may or may not be pulled. 

 
Trail layer 
 
All trails which are applicable to the analysis should be identified.  Each trail should be attributed with 
the following characteristic during the non-denning season (April 1 through November 30).  Definitions 
are based upon the IGBC Motorized Access Management report with verbal clarification from individual 
committee members. 
 
 

TRAIL 
All created or evolved access routes that do not qualify as a "road".  They are not 
reasonably and prudently driveable with a conventional passenger car of pickup.  
Generally, these routes are maintained and inventoried as part of the trail system. 

 
OPEN MOTORIZED TRAIL 
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A trail without legal restriction, or physical obstruction, open for motorized use 
by motorized vehicles.  For the purposes of these analyses, an open yearlong or 
open seasonally motorzied trail is considered open.  Trails use by 4-wheeler, 4-
wheel drive vehicles and motorized trail bikes are examples of this type of 
access route. 

 
RESTRICTED MOTORIZED TRAIL 

A trail on which motorized use is legally restricted yearlong. 
 

NON-MOTORIZED TRAIL 
Any trail that does not have legal motorized use yearlong. 

 
 
Lake layer 
 
For the NCDE, if the project area contains all or a portion of any large lake (≥320 acres), the lake acreage 
will need to be subtracted from the analysis acres.  The subtraction occurs after the moving window 
procedure has been completed.  Either within or 1 mile from the NCDE Primary Conservation Area 
(PCA), the following is a list of large lakes:  Flathead, Upper Stillwater, Whitefish, Echo, Swan, Holland, 
Lindbergh, Gray Wolf, and Big Salmon Lakes, Lake Blaine, and Hungry Horse Reservoir (Flathead N.F.); 
Duck and Lower Saint Mary Lake (Blackfeet I.R.); Dickey Lake (Murphy Lake R.D.); Kicking Horse 
Reservoir (Flathead I.R.); Waterton, Upper Kintla, Kintla, Bowman, Quartz, Logging, Lower McDonald, 
Harrison, Saint Mary, Two Medicine, Lower Two Medicine Lakes, and Lake Sherburne (Glacier N.P.); 
Bynum, Eureka, Farmers, Gibson, Swift and Nilan Reservoirs (Rocky Mtn Front R.D.). 
 
Large lakes are generally not considered as grizzly bear habitat, and therefore these large bodies of 
water should not be considered when calculating secure habitat or motorized access densities.  The 320 
acre (1/2 square mile) figure was agreed to by Tom Wittinger (Flathead NF Forest Wildlife Biologist), 
Nancy Warren (Flathead NF Wildlife Biologist), and Kathy Ake (Flathead NF GIS Specialist) in 1994, and 
has been used for all IGBC motorzied access analyses since 1994. 
 
Land Ownership layer 
 
This layer is required for projects occurring within the NCDE for grizzly bears.  Current direction from the 
US FWS states that roads within small private land holdings are not to be considered in calculating the 
motorized access densities.  Small-tract private lands are treated just like the large lakes, by subtracting 
from the analysis acres before calculating the percent road density.  The subtraction occurs after the 
moving window procedure has been completed.  Originally, Plum Creek Timber Company (PC) lands 
were not considered small-tract private lands.  However since the Montana Legacy Project, in which 
most of the Plum Creek Timber Company lands were purchased and transferred to public ownership 
through a cooperative effort, the acreage of PC lands in the NCDE have dramatically decreased.  For the 
Conservation Strategy, PC lands will be considered small-tract private lands. 
 

GIS PROCESSES 
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This section provides a description of the processes and not actual GIS programs and steps.  Nor does 
the section specify the requirements for motorized route access and secure core analyses in the NCDE 
Conservation Strategy. 
 
Moving Window Road Density Analysis 
 
The analysis entails having a moving 1 square mile window across the entire rasterized road/trail file.  
For a 1 square mile window, it is a 32x32 window size for 50 meter pixels, and 54x54 window size for 30 
meter pixels.  For a 'circular' 1 square mile window, it is a radius of 18 50 meter pixels and 31 30 meter 
pixels.  If a 1 square kilometer (metric) window is required, it is 20x20 window size for 50 meter pixels, 
and 33x33 window size for 30 meter pixels.  A circular 1 square kilomter window is 11 50 meter pixels 
and 19 30 meter pixels.  The center pixel of the window is assigned the sum total number of road and 
trail pixel cells that fall within the window.  Starting with the first pixel in the upper left corner, the 
program counts the total number of road and trail cells within the square mile window and assigns the 
value to the center pixel.  Then the window moves over to the next pixel, counts the road and trail cells 
within the window and assigns the value to the center pixel.  This process repeats itself until the entire 
file has been completed.  Since the moving window uses a summation of the GIS values for each cell, the 
input GIS file for the actual moving window step needs to have value '1' for all roads and trails to be 
counted and value '0' for everything else.  A ‘nodata’ or null pixel within the analysis area will not 
suffice;  these cells need to be a value 0. 
 
The output from the moving window program is a file where each pixel represents the number of 
road/trail cells within the surrounding window size.  The next step is to recode the sum total values into 
one mile, or one kilometer, increments.  To equate the sum totals to number of pixels for route density 
ranges, divide the mi/sq mi value by the miles/pixel value.  This is based upon a 50 meter pixel equaling 
0.03107 miles, and a 30 meter pixel equaling 0.018642 miles.  Using a 50 meter pixel, for the 0.5 mi/sq 
mi break, divide 0.5 mi/sq mi by 0.03107 mi/pixel, and the number of pixels is 16.  Thus, if the sum total 
value is between 1 and 16, the density is 0.1 to 0.5 miles per square mile.  The following table is a 
breakdown for 50 meter and 30 meter pixel sizes for both English (miles) and metric (kilometer) 
windows.  The number of pixels was rounded to the nearest whole number. 
 
Table 1. Breakdown of Road Density Classes for Various Window and Pixel Cell Sizes. 
 

Route Density Number of pixels for 1 SQ MILE    Number of pixels for 1 SQ KM 
Class Range At 30 meters At 50 meters At 30 meters At 50 meters 

0.0 0 0 0 0 
0.1- 0.5 1-27 1-16 1-17 1-10 
0.6 - 1.0 28-54 17-32 18-33 11-20 
1.1 - 1.5 55-80 33-48 34-50 21-30 
1.6 - 2.0 81-107 49-64 51-67 31-40 
2.1 - 2.5 108-134 65-80 68-83 41-50 
2.6 - 3.0 135-161 81-97 84-100 51-60 

>3.0 162-last 98-last 101-last 61-last 
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Pixel cell sizes are not set in concrete.  A 50 or 30 meter pixel size is not mandatory.  The values just 
happen to be common pixel size.  The smaller the pixel size the better the file approximates the actual 
width of a road, down to about a 10 meter file (approximately 32.8 feet).  Changing a GIS layer to a 
smaller pixel size does not necessarily mean that the layer is more accurate.  Accuracy level depends 
more upon the resolution and accuracy of the original map used to create the GIS layer. 
 
Security Analysis 
 
The analysis involves buffering by 500 meters specific roads and trails.  While the total road and 
motorized trail density moving window analysis has a 0.0 route density category, this is not the same as 
areas over 500 meters (0.3 miles) from a motorized route.  The user needs to execute a buffering 
routine to accurately calculate the security area. 
 
Summaries and Displays 
 
For each BMU subunit, or subunit, it is useful to have a summary table listing the following: 

• percentage of each route density class for open route density 
• percentage of each route density class for total route density 
• percentage of secure core and non-core areas 
• miles of roads and trails by their management class (open yearlong, closed yearlong by gate, 

etc.) 
  
At minimum, the summary table should have the percentage >1.0 mi/sqmi for OMRD, the percentage 
>2.0 mi/sqmi for TMRD, and the percentage of Secure Core for each BMU subunit. 
 
Maps will either show the open road density classes, total road density classes, or the secure core areas.  
Additional information should include the roads and trails by management, BMU subunit boundaries, 
and small-tract private or large lakes areas, if appropriate. 
 
Cautions 
 
It should be mentioned that the project window needs to be at least either half the distance of the 
diagonal of a square window, or the radius of a circular window, from the actual analysis area.  A 
distance of 1 mile would cover all potential square mile or square kilometer window sizes, and 30 or 50 
meter pixel sizes.  If the analysis boundary line follows a ridge, then the project window needs to be 
another mile from the ridge line, so that the pixels on the boundary of the analysis area can be assigned 
the correct density value.  If the area directly outside the analysis area is cut off, then those pixels just 
within the analysis area will not factor in any road or trail pixels that fall within 1 mile of the analysis 
area and influence the density values.  This applies to the Secure Core analysis as well. 
 
Additionally, all maps and outputs for the route density and security analyses should only display the 
analysis area with a buffer of a 1 mile.  Nothing should be displayed beyond 1 mile from the analysis 
area.  The user may or may not have the correct and/or updated information beyond their area of 
interest. 
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As different grizzly bear ecosystems develop standards for access management, it is very possible that 
slightly different steps, order of processes, pixel sizes, window shapes, and determinations of roads or 
trails required will occur.  It is strongly suggested that the processes, parameters, and software package 
used to determine the standards are also used for running the analyses to measure compliance.  For 
example, if the standard was developed using ERDAS software and their rasterization algorithm, 
measuring compliance using ARC/Info’s rasterization algorithm would be inappropriate.  ARC/Info 
results in approximately 18% more “road” pixels than the same vector coverage rasterized in ERDAS.  If 
differences are unavoidable, then extra steps in the analysis may be needed so that, using the same GIS 
coverages, the processes and software used to analyze will provide the same results as the processes 
and software used to develop the standards. 
 
General Outline of the Procedures 
 
I. Open Motorized Route Density 

a) Select required arcs from road layer 
b) Select required arcs from trail layer 
c) Combine required selected roads and trails 
d) Rasterize vector dataset  
e) Run the moving window 
f) Recode raw density value to road density classes 
g) Vectorize the road density raster layer 
h) If appropriate or required, subtract out large lakes, and small private acreage 
i) Summarize the percentage of each open route density class within the analysis areas 
j) Create required maps 

 
II. Total Motorized Route Density 

a) Select required arcs from road layer 
b) Select required arcs from trail layer 
c) Combine required selected roads and trails 
d) Rasterize vector dataset  
e) Run the moving window 
f) Recode raw density value to road density classes 
g) Vectorize the road density raster layer 
h) If appropriate or required, subtract out large lakes, and small private acreage 
i) Summarize the percentage of each total route density class within the analysis areas 
j) Create required maps 

 
III. Secure Core Analysis 

a) Select required arcs from road layer 
b) Select required arcs from trail layer 
c) Combine required selected roads and trails 
d) Buffer combined roads/trails 500 meters 
e) Recode output from buffer routine 
f) If appropriate or required, subtract out large lakes, and small private acreage 
g) Summarize the percentage of secure core areas within the analysis areas 
h) Create required maps 
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NCDE CONSERVATION STRATEGY ANALYSES 

 
These procedures apply to all Federal, Tribal and State land agencies within the NCDE Conservation 
Strategy’s Primary Conservation Area (PCA). 
 
Motorized access route density and security analyses will be applied to BMU subunits.  These areas are 
meant to approximate a grizzly bear female home range, incorporate all seasonal habitats if possible, 
and generally follow watershed boundaries or other topographic features.  BMU subunits have been 
delineated by biologists from US Forest Service, US Fish & Wildlife Service, US National Park Service, MT 
Dept. Natural Resource Conservation, MT Dept. Fish, Wildlife and Parks, Confederated Salish & Kootenai 
Tribes, and Blackfeet Tribe for the entire NCDE. 
 
With the Conservation Strategy, it was decided to keep the same process utlitized when the grizzly bear 
was listed.  From a historical perspective for both NCDE and Flathead N.F. Amendment 19, the access 
standards were developed using EPPL7 software, 30 and 50 meter pixel sizes, a square 1 square mile 
window, breakpoints between classes as listed in Table 1, and due to software limitations a 32x32 
window size.  The area was the South Fork Grizzly Bear Study Area and radio-collared female grizzly 
bears were used for telemetry points.  The recommended NCDE procedures have two steps added to 
the process to account for differences between ARC/Info’s rasterization algorithm and EPPL7’s algorithm 
as well as any other differences in cell and/or window size.  The GRID THIN function is used to mitigate 
for the rasterization algorithm.  A regression equation is applied after the moving window step to 
mitigate for the remaining differences.  The regression equation was developed by comparing results 
from EPPL7 and ARC/Info software using the same road and analysis area files. 
 
During the analysis for Flathead N.F’s Amendment 19, many questions regarding small tract private 
lands, definitions for roads and road management classification were resolved for the motorized access 
analyses for both the NCDE and Amendment 19. 
 
Application Rules 
 
Table 5 from Chapter 3 of this Conservation Strategy is repeated below to provide the rule set and 
definitions for motorized access management on USFS, GNP, and BLM lands inside the PCA (referred to 
as Table 2 in this Appendix). 
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Changes in Secure 
Core 

A project may mitigate its impact on Secure Core by providing replacement Secure 
Core habitat of equal size and similar quality (if possible) and function in the same 
grizzly subunit.  The replacement habitat must either be in place before project 
initiation or be provided concurrently with project development as an integral part 
of the project plan.   Alternatively, a project may also mitigate its impacts by 
adhering to the allowed levels of temporary changes summarized above and 
detailed in this Table.   

Secure Core Habitat  More than 500 meters from an open motorized route (road or motorized trail), or 
helicopter flight line meeting the definition of “recurring.” Must be greater than or 
equal to 2,500 acres in size.  “Recurring” is defined as multiple trips per day for 
more than two consecutive days. 

Open Motorized 
Route Density 
(OMRD) 

Open motorized route density includes:  all Federal, State, and Tribal roads and 
motorized trails that are open to public use for any part of the year and motorized 
routes closed by sign only.   All roads are included in the database.  However non-
motorized trails, highway, county, private, decommissioned, or revegetated roads 
are not included in the calculations. 

Total Motorized 
Route Density 
(TMRD) 

Total motorized route density includes:  all Federal, State, and Tribal roads and 
motorized trails, whether they are open or closed.  All roads are included in the 
database. However, non-motorized trails, highway, county, private, 
decommissioned, or revegetated roads are not included in the calculations. 

Motorized Access 
Routes in Database 

All routes, regardless of ownership or jurisdiction, having motorized use or the 
potential for motorized use to exceed administrative use levels (restricted roads) 
including: motorized trails; highways; county/city, Federal, State, Tribal, corporate 
and private roads. 

Lands in Database All lands are included in database.  However, large lakes (≥ 320 acres) and private 
lands are not included in calculations of Secure Core, OMRD, or TMRD. 

Season Definitions Denning season on the west side of the continental divide is from 1 December 
through 31 March.  Denning season on the east side of the continental divide is 
from 1 December through 15 April.  Wheeled motorized access standards do not 
apply during the denning season. 

Project A temporary activity requiring construction of new roads, reconstructing or 
opening a restricted road or recurring helicopter flights at low elevations (< 500m). 

Activities Allowed 
in Secure Core 

Activities that do not require road construction, reconstruction, opening a 
restricted road, or recurring, low-elevation helicopter flights.  Aircraft used in 
emergency firefighting are allowed.  Non-wheeled, over the snow use (i.e., 
snowmachines) allowed until research identifies a concern.  Projects that remain 
within the limits established by the Application Rules for Temporary Changes in 
Motorized Access Management on Federal Lands.  

Inclusions in Secure 
Core 

Roads restricted with permanent physical barriers (not gates), decommissioned or 
obliterated roads, and/or non-motorized trails are allowed in Secure Core. 

Administrative Use 
Levels 

Motorized administrative use is permitted as either 6 trips (3 round trips) per week 
OR one 30-day unlimited use period during the non-denning season (Apr. 1 – Nov. 
30).  

Table 6.  (p. 1 of 2).  The rule set and definitions for motorized access management standards on 
Federal lands inside the PCA.   
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Temporary 
Changes in 
Motorized Access 
Management 

Temporary changes to baseline values for OMRD, TMRD, and Secure Core will be 
allowed for projects if the 10-year running averages for these parameters in each 
subunit do not exceed a 5% increase in OMRD, a 3% increase in TMRD, or a 2% 
decrease in Secure Core.  During these projects, changes in OMRD, TMRD, and 
Secure Core may exceed these limits in individual years but the 10-year running 
average will not exceed these limits.  Secure Core and road density values must be 
restored within one year after completion of the project (i.e., when the road is no 
longer being used for project implementation beyond administrative levels). On 
occasion, unforeseen events affecting thousands of acres (e.g., fires, long-term 
mine clean-up, insect or disease-killed trees, flooding, avalanches, mudslides, etc.) 
may require a response action that would not stay within these Application Rules 
for Temporary Changes in Motorized Access Management.  In such cases, site-
specific NEPA analysis would be completed and effects considered.  Due to the 
nature of these events and the need to quickly and efficiently resolve the impacts 
of these disturbances to maintain project, recreational, and administrative 
opportunities, such circumstances would not be considered a violation of this 
Conservation Strategy’s habitat standards.  Any responses to these unforeseen 
events would, however, be considered when proposing other projects in affected 
subunits. 

Gravel Pits The Forest Service and National Park Service will use all available resources at 
existing gravel pits before constructing new pits. 

Permanent 
Changes to 
OMRD, TMRD, 
and Secure Core 
Values  

Permanent changes in OMRD, TMRD, or Secure Core may occur due to unforeseen 
circumstances, natural events, or other reasonable considerations. Such changes 
will change the baseline values but will not be considered a violation of the 
motorized access management habitat standards and will not require mitigation 
responses.  Acceptable changes that may permanently change baseline values 
include the following: 
- the agency acquired better information or updated/improved the road 

information in their respective database(s) resulting in changed calculations 
without actual change on the ground; 

- technology or projections changed, resulting in changed calculations without 
actual change on the ground (e.g., a switch from NAD27 to NAD83); 

- the agency moved a road closure location a short distance (often <0.25 miles) 
to a better location for turn-arounds, less vandalism, or to improve 
enforcement of the road closure; 

- the agency acquired or sold land; 
- the agency built/opened a road for either handicapped access in a 

campground, or administrative site road; 
- the agency moved a road to increase human safety or to decrease resource 

damage 
- an adjacent, non-federal landowner made changes to their motorized access 

management which decreased Secure Core or increased motorized route 
densities on Federal lands. 

Table 6.  (p. 2 of 2).  The rule set and definitions for motorized access management standards on Federal 
lands inside the PCA.   
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Python script requirements 
 
To insure consistency across the NCDE, a Python script available through ArcToolBox will be used.  Each 
agency unit will have a “master” grid to be used in the moving window routine.  Through investigation, it 
has been discovered that the output values will vary even if slightly different extents are used for the 
moving window;  therefore, a single “master” grid will be created for each agency’s unit requiring a 
motorized access analysis.  The script follows the steps from the General Outline of the Procedures in 
the GIS Processes section. 
 
The remap table for converting the actual count of “road” cells in the one mile window to mile/square 
mile density classes has a specfic format.  The table needs to be a text file with a ‘.txt’ extension, and the 
specific values as shown in the last column below. 
 
Table 3.  Remap table for converting raw density values to mile/square mile classes. 
Mile/Square Mile Density Class # of “route” pixels Output GRID Value Remap Table 
0.0 mile/squre mile 0 1 0 0:1 
0.1 to 1.0 mile/square mile >0  -  ≤54 2 0 54:2 
1.1 to 2.0 mile/square mile >54  -   ≤107 3 54 107:3 
>2.0 mile/square mile >107  -   ≤5000 4 107 5000:4 
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The Python script requires specific values for road management, motorzied trails, ownership and large 
lakes.  The following tables provide that information. 
 
Table 4.  Road mangement descriptions and attribute values used in OMRD and TMRD. 

Road Management Description Specific Value in 
Attribute for Script 

Road Used in Analysis 
OMRD TMRD CORE 

Open yearlong roads, no restriction OPEN yearlong X X X 
Open seasonally roads, has seasonal restriction OPEN seasonally X X X 
Closed yearlong by sign closure CLOSED yrlng sign X X X 
Closed yearlong by gate closure, but with high 
administrative use1 CLOSED yrlng ADH X X X 

Closed yearlong by gate closure CLOSED yrlng gate  X X 
Closed yearlong by physical barrier, but should be 
closed by gate2 CLOSED yrlng BNC  X X 

Closed yearlong by physical barrier3 CLOSED yrlng berm  X  
Closed yearlong and naturally revegetated, but 
should be closed by gate4 CLOSED yrlng VEGNC  X X 

Primary or secondary  federal/state highways hwys, cnty/city road   X 
County or city roads hwys, cnty/city road   X 
Small-tract private roads or federal special use 
permitted roads5 small PVT roads   X 

Closed yearlong and is either naturally 
revegetated, entrance has been obliterated, or 
bridge/large <4ft culvert removed.  Essentially, the 
road is completely impassable 

CLOSED yrlng impass    

 historic roads    
 
1 ADH – closed by gate but receives high administrative use (HH SB compounds).  Has been specific to 

Flathead NF. 
2 BNC – closed by berm, but to be buffered for Security CORE.  Barrier put in due to frequent damage to 

gate.  Has been specific to Flathead NF. 
3 berm – refers to berms, rocks, jersey barriers, etcetera.  Does not include roads closed by a bridge or 

large (<4ft) culvert being removed, obliterated entrances, and live vegetation.  Any of these last 
three types make the road impassable (no standard  vehicle or two-wheel motorized vehicle can 
pass).  These roads are not included in any analyses.  Has been incorporated this way since IGBC 
motorized access or Flathead NF’s A19 started. 

4 VEGNC – refers to roads currently closed by live vegetation, but planning or project documents indicate 
that the road is to closed by gate.  For the purposes of TOTAL route density and Security CORE, 
the road is to be included.  Has been specific to Flathead NF. 

5 small PVT roads – Typcially the permitee of a Special Use permitted road does not have road 
management restrictions.  As a result, the road could be open or closed according to the 
permittee, therefore the road is classified as “small PVT roads” for the analyses. 

 
Roads that are decommissioned, labeled historic, and no longer on the system, are not included in the 
analyses, i.e. they do not count in OMRD or TMRD calculations, nor are they buffered in the Secure Core 
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analysis. 
 
Similar to historical roads, roads that are naturally revegetated, have the entrance obliterated for >0.1 
miles, or have the bridge or large >4ft culvert removed are also not included in the analyses, i.e. they do 
not count in OMRD or TMRD calculations, nor are they buffered in the Secure Core analysis.  These 
roads are to be impassable by any vehicle (passenger car, truck, 4WD vehicle, ATV, motorcycle, 
etcetera).  These roads are still on the system.  Revegetated roads defined as so grown-in that they are 
no longer drivable.  The vegetation growth is such that it is easier to walk on the side-hill as opposed to 
down the center of the road bed.  The caveat is:  if any of these 3 types of road is bladed open, or the 
bridge/culvert repaired, it will be included in analyses based upon the closure device.  If a physical 
barrier (berm, rock, etc.) is put in, the road will be included in TMRD calculations.  If a gate is put in, the 
road will be included in TMRD calculations, and will also be buffered in Secure Core analysis.  If no 
closure device is put in (i.e. the road is open), the route will be included in both OMRD and TMRD 
calculations, and will be buffered in Security CORE analysis. 
 
Table 5.  Motorized route attributes. 
 

Motorized Route Description Specific Value in 
Attribute for Script 

Route Used in Analysis 
OMRD TMRD CORE 

Roads or trails legally open to motorized use 
anytime during the non-denning season. M X X X 

Non-motorized routes <blank>    
 
The trail or road is considered motorized if the route is legally open to two-wheeled motorized traffic 
(ATV, motorcycles, etcetera).  These routes can either be included in the road dataset or separate.  
Either way, a specific text attribute as indicated above is required. 
 
Table 6.  Attributes for ownership, small private lands, and large lakes. 
 

Land Ownership and Lake Descriptions Specific Value in 
Attribute for Script 

Federal, state, and tribal lands FED STATE TRIBAL 
Large lakes, >320 acres large lakes 
Small-tract private lands small PVT lands 

 
While State and Tribal lands do not have OMRD, TMRD, and Secure Core standards, their lands are 
included in the analyses run by federal land agencies.  For tribal lands, only those lands designated as 
“tribal” and open for public use are included.  Tribal allotments (land owned by tribal members) and 
tribal fee lands (owned or leased to private individuals) are to be considered “small PVT lands” for the 
purposes of the anlsyses.  For private lands, these are small-tract, corporate, or Non-Governmental 
Organization (NGO) lands.   
 
Typcially, agencies have ownership and lakes in separate GIS datasets.  For the purposes of the Python 
script, they will need to be combined and attributed as indicated. 
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Standards 
 
Habitat Standards on Public Federal lands in the PCA: 

− maintain or decrease 2011 levels of open motorized route densities (OMRD) 
− maintain or decrease 2011 levels of total motorized route densities  (TMRD) 
− maintain or increase 2011 levels of Secure Core 
− temporary increases are allowed if the 10-year running average does not exceed a 

5% increase in OMRD and 
3% increase in TMRD and 
2% decrease in Secure Core 

 
Habitat Standards on DNRC, Blackfeet Nation, and CS&KT lands in the PCA: 

- limits on net increases in open roads and/or road densities 
- limits on net increases in total roads and/or road densities 

 
Analysis runs for NCDE reports and projects 
 
OMRD, TMRD, and Secure Core will be measured biennially on odd number years starting in 2011.  The 
status of each of the 126 BMU subunits will be reported in that year’s annual report, even though the 
OMRD, TMRD, and Secure Core standards only apply to federal lands. 
 
Individual projects on federal lands will be analyzed if the project requires construction of new roads, 
reconstruction or opening a restricted road, use of a restricted road above administrative levels allowed, 
or recurring helicopter flights at low elevations (< 500m).  Any project meeting this definition will 
require analysis to determine the OMRD, TMRD and Secure Core for the route management situation 
during the project, i.e. all routes used for the project will be labeled as ‘OPEN yearlong’ for the analysis.  
Temporary changes to baseline values for OMRD, TMRD, and Secure Core will be allowed for projects if 
the 10-year running averages for these parameters in each subunit do not exceed a 5% increase in 
OMRD, a 3% increase in TMRD, or a 2% decrease in Secure Core.  During these projects, changes in 
OMRD, TMRD, and Secure Core may exceed these limits in individual years but the 10-year running 
average will not exceed these limits.  Each agency or agency’s unit will have a spreadsheet set up to 
record and determine if the project(s) meeting these standards for those BMU subunits they manage. 
 
Individual projects on State or Tribal lands do not have a 10-year running average requirement for 
OMRD, TMRD, or Secure Core. 
 
Miscellaneous 
 
The Swan Valley Grizzly Bear Conservation Agreement (SVGBCA) pertains to 11 BMU subunits in the 
Swan Valley:  South Fork Lost Soup, Goat Creek, Lion Creek, Meadow Smith, Buck Holland, Porcupine 
Woodward, Piper Creek, Cold Jim, Hemlock Elk, Glacier Loon, and Beaver Creek.  Plum Creek Timber 
Company is divesting all their lands in the Swan Valley, with a vast majority being transferred to Forest 
Service and State agencies through the MT Legacy Project.  The Forest Service and State are still abiding 
by the agreement until the fiber agreement is complete.  Once the fiber agreements end, DNRC may 
shift to management according to their HCP.  If this occurs, the USFS would continue to manage its lands 
by the terms described in the Swan Valley Conservation Agreement, in perpetuity. 
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Appendix 6 
Comparison Between NCDE Conservation Strategy Secure Core Levels and Current 

IGBC Security CORE Levels in Each Bear Management Subunit 
 

BMU Subunit Name Principal Agency Cons. Strategy 
Secure Core 

Current  
Security CORE 

BATM Badger LCNF-Rocky Mtn Front RD 94 94 
BATM Heart Butte LCNF-Rocky Mtn Front RD 81 81 
BATM Two Medicine LCNF-Rocky Mtn Front RD 87 87 
BGSM Albino Pendant FNF-Spotted Bear RD 100 88 
BGSM Big Salmon Holbrook FNF-Spotted Bear RD 100 87 
BGSM Black Bear Mud FNF-Spotted Bear RD 100 84 
BGSM Brushy Park FNF-Spotted Bear RD 100 84 
BGSM Buck Holland FNF-Swan Lake RD 49 40 
BGSM Burnt Bartlett FNF-Spotted Bear RD 100 92 
BGSM Hungry Creek FNF-Spotted Bear RD 100 88 
BGSM Little Salmon Creek FNF-Spotted Bear RD 100 98 
BGSM Meadow Smith FNF-Swan Lake RD 41 41 
BGSM White River FNF, Spotted Bear RD 100 74 
BITE Birch LCNF-Rocky Mtn Front RD 93 93 
BITE Teton LCNF-Rocky Mtn Front RD 75 75 
BNKR Big Bill Shelf FNF-Spotted Bear RD 87 80 
BNKR Bunker Creek FNF-Spotted Bear RD 92 92 
BNKR Goat Creek FNF-SLRD & MT DNRC 42 39 
BNKR Gorge Creek FNF-Spotted Bear RD 100 90 
BNKR Harrison Mid FNF, - Spotted Bear RD 99 95 
BNKR Jungle Addition FNF-Spotted Bear RD 68 68 
BNKR Lion Creek FNF-SLRD & MT DNRC 51 41 
BNKR South Fork Lost Soup FNF-SLRD & MT DNRC 40 40 
BNKR Spotted Bear Mtn FNF-Spotted Bear RD 68 68 
CODV Pentagon FNF-Spotted Bear RD 100 94 
CODV Silvertip Wall FNF-Spotted Bear RD 100 97 
CODV Strawberry Creek FNF-Spotted Bear RD 100 100 
CODV Trilobite Peak FNF-Spotted Bear RD 100 100 
DELK Falls Creek LCNF-Rocky Mtn Front RD 85 85 
DELK Scapegoat LCNF-Rocky Mtn Front RD 83 83 
HGHS Coram Lake Five FNF-Hungry Horse RD 18 14 
HGHS Doris Lost Johnny FNF-Hungry Horse RD 36 36 
HGHS Emery Firefighter FNF-Hungry Horse RD 53 53 
HGHS Peters Ridge FNF-HHRD & SLRD 34 34 
HGHS Riverside Paint FNF-Hungry Horse RD 73 72 
HGHS Wounded Buck Clayton FNF-Hungry Horse RD 65 64 
LMFF Dickey Java FNF-Hungry Horse RD 85 81 

49 
 



DRAFT – SUBJECT TO CHANGE – Please do not distribute. February 2013 
 

LMFF Lincoln Harrison Glacier NP 98 90 
LMFF Moccasin Crystal FNF-Hungry Horse RD 81 81 
LMFF Muir Park Glacier NP 98 97 
 

BMU Subunit Name Principal Agency Cons. Strategy 
Secure Core 

Current  
Security CORE 

LMFF Nyack Creek Glacier NP 100 98 
LMFF Ole Bear Glacier NP 94 93 
LMFF Pinchot Coal Glacier NP 99 99 
LMFF Stanton Paola FNF-Hungry Horse RD 83 81 
LNFF Anaconda Creek Glacier NP 94 94 
LNFF Apgar Mountains Glacier NP 81 70 
LNFF Canyon McGinnis FNF-GVRD & FNF-TLRD 56 51 
LNFF Cedar Teakettle FNF-Glacier View RD 24 24 
LNFF Dutch Camas Glacier NP 93 86 
LNFF Lake McDonald Glacier NP 85 66 
LNFF Lower Big Creek FNF-Glacier View RD 66 66 
LNFF Upper McDonald Creek Glacier NP 90 76 
LNFF Werner Creek FNF-Glacier View RD 42 42 
MSRG Beaver Creek FNF-Swan Lake RD 66 66 
MSRG Cold Jim FNF-Swan Lake RD 43 43 
MSRG Crane Mtn FNF-Swan Lake RD 38 26 
MSRG Crow Flathead IR 92 92 
MSRG Glacier Loon FNF-Swan Lake RD 45 41 
MSRG Hemlock Elk FNF-Swan Lake RD 64 64 
MSRG Piper Creek FNF-SLRD & MT DNRC 52 52 
MSRG Porcupine Woodward FNF-SLRD & MT DNRC 15 15 
MSRG Post Creek Flathead IR 87 87 
MSRG Saint Marys Flathead IR 94 94 
MLFK Alice Creek HNF-Lincoln RD 71 70 
MLFK Arrastra Mountain HNF-Lincoln RD 75 75 
MLFK Monture LNF-Seeley Lake RD 99 99 
MLFK Mor-Dun LNF-Seeley Lake RD 78 74 
MLFK N-Scapegt LNF-Seeley Lake RD 100 94 
MLFK Red Mountain HNF-Lincoln RD 62 59 
MLFK S-Scapegt LNF-Seeley Lake RD 79 78 
MULK Krinklehorn KNF-Fortine RD 75 75 
MULK Therriault KNF-Fortine RD 72 72 
NFSR Lick Rock LCNF-Rocky Mtn Front RD 100 91 
NFSR Roule Biggs LCNF-Rocky Mtn Front RD 100 89 
NEGL Belly River Glacier NP 99 79 
NEGL Boulder Creek Glacier NP & Blackfeet IR 76 64 
NEGL Chief Mtn Glacier NP & Blackfeet IR 53 51 
NEGL Poia Duck Glacier NP & Blackfeet IR 68 51 
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NEGL Upper Saint Mary Glacier NP 89 68 
NEGL Waterton Glacier NP 100 84 
RTSN Mission LNF-Seeley Lk RD & MFWP 33 33 
RTSN Rattlesnake LNF-Missoula RD 86 85 
RTSN South Fork Jocko Flathead IR 59 59 
SUBW South Fork Willow LCNF-Rocky Mtn Front RD 88 85 
 

BMU Subunit Name Principal Agency Cons. Strategy 
Secure Core 

Current  
Security CORE 

SUBW West Fork Beaver LCNF-Rocky Mtn Front RD 84 76 
SEGL Divide Mtn Glacier NP & Blackfeet IR 67 59 
SEGL Midvale Glacier NP & Blackfeet IR 87 78 
SEGL Spot Mtn Glacier NP & Blackfeet IR 79 61 
STRV Lazy Creek MT DNRC 10 5 
STRV Stryker MT DNRC 50 50 
STRV Upper Whitefish MT DNRC 54 54 
SLVN Ball Branch FNF-Spotted Bear RD 84 84 
SLVN Jewel Basin Graves FNF-Hungry Horse RD 72 65 
SLVN Kah Soldier FNF-Spotted Bear RD 69 68 
SLVN Logan Dry Park FNF-HHRD & FNF-SBRD 54 52 
SLVN Lower Twin FNF-Spotted Bear RD 91 91 
SLVN Noisy Red Owl FNF-Swan Lake RD 59 52 
SLVN Swan Lake FNF-Swan Lake RD 46 45 
SLVN Twin Creek FNF-Spotted Bear RD 100 100 
SLVN Wheeler Quintonkon FNF-HHRD & FNF-SBRD 66 66 
TESR Deep Creek LCNF-Rocky Mtn Front RD 73 70 
TESR Pine Butte LCNF-Rocky Mtn Front RD 71 68 
UMFF Flotilla Capitol FNF-HHRD & FNF-SBRD 100 99 
UMFF Long Dirtyface FNF-Hungry Horse RD 100 100 
UMFF Plume Mtn Lodgepole FNF-HHRD & SBRD 100 97 
UMFF Skyland Challenge FNF-Hungry Horse RD 63 63 
UMFF Tranquil Geifer FNF-Hungry Horse RD 90 85 
UNFF Bowman Creek Glacier NP 93 70 
UNFF Coal & South Coal FNF-Glacier View RD 72 72 
UNFF Ford Akokala Glacier NP 93 92 
UNFF Frozen Lake FNF-Glacier View RD 86 80 
UNFF Hay Creek FNF-Glacier View RD 55 55 
UNFF Ketchikan FNF-Glacier View RD 72 68 
UNFF Kintla Creek Glacier NP 96 86 
UNFF Logging Creek Glacier NP 94 94 
UNFF Lower Whale FNF-Glacier View RD 50 49 
UNFF Quartz Creek Glacier NP 93 86 
UNFF Red Meadow Moose FNF-Glacier View RD 55 55 
UNFF State Coal Cyclone FNF-GVRD & MT DNRC 59 59 
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UNFF Upper Trail FNF-Glacier View RD 88 88 
UNFF Upper Whale Shorty FNF-Glacier View RD 86 86 
USFF Basin Trident FNF-Spotted Bear RD 100 85 
USFF Gordon Creek FNF-Spotted Bear RD 100 82 
USFF Jumbo Foolhen FNF-Spotted Bear RD 100 94 
USFF Swan LNF-Seeley Lake RD 55 55 
USFF Youngs Creek FNF-Spotted Bear RD 100 92 
     
 Indicates subunit is ≥50% federal or tribal wilderness of all lands within subunit. 
 
The differences between the process under the Conservation Strategy and the current IGBC Motorized 
Access are listed in the following table.   
 
NCDE Conservation Strategy Process Current IGBC Motorized Access Process 
Plum Creek Timber Company roads and lands are 
treated as “private” roads & lands.  After the MT 
Legacy Project, Plum Creek Timber Company lands 
are a small percentage of the NCDE. 

Plum Creek Timber Company roads and lands were 
treated like federal/state lands.  Prior to the MT 
Legacy Project, Plum Creek Timber Company lands 
were a significant percentage in the NCDE. 

Grizzly Bear Management Situation 3 (MS-3) is no 
longer used post delisting; therefore, these lands 
are now included in route density calculations. 

Grizzly Bear Management Situation 3 (MS-3) lands 
were excluded from open & total route density 
calculations. 

High Use (>20 parties/week for at least 25% of the 
non-denning season) trails are not used, i.e. they 
are not buffered when calculating Secure Core and 
do occur in Secure Core. 

High Use (>20 parties/week for at least 25% of the 
non-denning season) trails were buffered when 
calculation Security CORE, i.e. high-use trails could 
not occur in Security CORE. 
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Appendix 7 
Subunit Management Under the Swan Valley Conservation Agreement 

 
Subunits Included (immediate subunit rotation for activity and past rotation): 
 

Mission BMU   Big Salmon BMU  Bunker BMU 
1997-1999 Piper Ck   Meadow-Smith   Lost Soup 
  Beaver Ck 
 
2000-2002 Porcupine-Woodward  Buck Holland   Lion Ck 
  Hemlock-Elk 
 
2003-2005 Cold-Jim   Meadow-Smith   Goat Ck 
  Glacier-Loon 
 
2006-2008 Piper Ck   Buck-Holland   Lost Soup 
  Beaver Ck 
 
2009-2011 Porcupine-Woodward  Meadow-Smith   Lion Ck 
  Hemlock-Elk 
 
2012-2014 Cold-Jim   Buck-Holland   Goat Ck 
  Glacier-Loon 
 
2015-2017 Piper Ck   Meadow-Smith   Lost Soup 
  Beaver Ck  
 
2018-2020 Porcupine-Woodward  Buck-Holland   Lion Ck 
  Hemlock-Elk 
 
2021-2023 Cold-Jim   Meadow-Smith   Goat Ck 
  Glacier-Loon 
 
2024-2026 Piper Ck   Buck-Holland   Lost Soup 
  Beaver Ck 
 
2027-2029 Porcupine-Woodward  Meadow-Smith   Lion Ck 
  Hemlock-Elk 
 
2030-2032 Cold-Jim   Buck-Holland   Goat Ck 
  Glacier-Loon 
 
2033-2035 Piper Ck   Meadow-Smith   Lost Soup 
  Beaver Ck 
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1. Definitions 
 

This Agreement is consistent with the Flathead Land and Resource Management Plan, as 
amended (the "LRMP").  The Forest Service is bound by and/or accepts existing definitions 
found within the LRMP.  The Forest Service will utilize existing definitions found in the LRMP, 
unless definitions found in this Agreement are more conservative in regard to the Bear, in 
which case, definitions found in this Agreement will be utilized. 
 
"Active Subunit" shall mean those BMU Subunits in which the Parties are conducting 
Administrative and Commercial Use activities. 
 
"Active Subunit Restricted Road" shall mean a gated or barriered road within an Active Subunit 
which is closed for all uses except Administrative Use and Commercial Use. 
 
"Administrative Use" shall mean use by Forest Service (FS), or Department of Natural Resources 
(DNRC) associated with all land and resource management activities including, without 
limitation, timber sale layout, road location, pre-commercial thinning, road maintenance, tree 
planting, slash disposal and Salvage Harvest, but shall not include Commercial Use.  
Administrative Use also shall mean minor actions such as bough and post and pole harvest that 
are less than two consecutive weeks in duration. 
 
"Bear" shall mean the grizzly bear (Ursus arctos horribilis). 
 
"BMU Subunits" shall mean the female home range analysis areas specified on Attachment D 
hereto, which is hereby incorporated herein and made a part hereof. 
 
"BMUs" shall mean Bear Management Units as set forth in Attachment A, which is hereby 
incorporated herein and made a part hereof. 
 
"Commercial Use" shall mean major forest management activities by FS or DNRC including, 
without limitation, road construction, road reconstruction and timber harvest, but does not 
include Salvage Harvest. 
 
"Conservation Area" shall mean certain National Forest  and Department of Natural Resource 
lands set forth on Attachment B, which is hereby incorporated herein and made a part hereof, 
that lie within the Swan Valley in the Northern Continental Divide Ecosystem Grizzly Bear 
Recovery Zone.  
 
"Core Areas" shall mean those areas as defined by the IGBC Access Task Force Report (July 
1994) and set forth in Attachment C, which is hereby incorporated herein and made a part 
hereof.  
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"Cover" shall mean vegetation blocks having a minimum diameter of at least three Sight 
Distances, which on DNRC lands shall not be less than 300 feet. 
 
"Denning Period" shall mean the period between November 16 and March 31.  
 
"Even Age Cutting Unit" shall mean a harvest unit in which either a clearcut or seedtree 
silvicultural prescription is used or any other treatment that would result in openings of more 
than three (3) Sight Distances. 
 
"Guidelines" shall mean the principles and guidelines for forest management set forth in 
Section 3 hereof, as the same may be amended from time to time. 
 
"Inactive Subunit" shall mean those BMU Subunits in which the Parties  are not conducting 
Commercial Use activities.  
 
"Inactive Subunit Restricted Road" shall mean a gated or barriered road within an Inactive 
Subunit, which is closed for all uses except Administrative Use, and Commercial log haul when 
necessary. 
 
"Linkage Zones" shall mean the areas necessary for linking populations of Bears specified on 
Attachment E, which is hereby incorporated herein and made a part hereof. 
 
"Open Road" shall be any road on which there are no use restrictions.  Open Road shall not 
mean Restricted Roads or highways, county roads, administrative site access roads and private 
residence access roads.  
 
"Preferred Habitat" shall mean areas adjacent to streams and wetlands inside Linkage Zones as 
set forth in Attachment G, as the same may be changed from time to time by mutual 
agreement of the Parties based on field verification. 
 
"Reclaimed Road" shall mean a road which (i) has been "put to bed" to address Bear security or 
to address watershed concerns by pulling culverts and revegetating with trees or grass; and (ii) 
is generally unusable for 4-wheeled vehicles due to physical obstructions such as "kelly humps" 
or other physical obstructions, rather than gates.  Reclaimed Road shall also mean roads that 
are physically blocked using large cement blocks or equivalent barriers.  A Reclaimed Road will 
not receive motorized Administrative or Commercial uses. 
 
"Restricted Period" shall mean the non-denning period which runs between April 1 and 
November 15. 
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"Restricted Roads" shall mean Active Subunit Restricted Roads and Inactive Subunit Restricted 
Roads. 
 
"Riparian Zone" shall mean a streamside management zone as defined on the date hereof in 
the Montana Streamside Management Zone Rules, a copy of which is attached hereto in 
Attachment F, which is hereby incorporated herein and made a part hereof. 
 
"Salvage Harvest" shall mean short term activities to harvest dead or dying trees resulting from 
fire, disease, blowdown or the like and shall not continue for periods of more than two 
consecutive weeks or for more than 30 days in the aggregate during a given calendar year in 
the non-denning period (April 1 to November 15).  Salvage activities that result from 
catastrophic fire or blowdown and that require more than two consecutive weeks to complete, 
will require special management considerations (refer to Section 3(b)(iv)). 
 
"Sight Distance" shall mean the distance at which 90% of an animal is hidden from view, which 
on DNRC and National Forest lands is approximately 100 feet depending on the type of cover 
available. 
 
“Spring Habitat” shall mean all areas within Linkage Zones below 5200 feet in elevation. 
 
“Spring Period” shall mean period of time running from April 1 to June 15.  
 
"Take" shall mean take of a species as contemplated under Section 9 of the Act. 
 
"Visual Screening" shall mean a minimum of one Sight Distance. 
 
 
1. Management Guidelines 
 

DNRC, and the Forest Service agree to carry out forest management practices within the 
described subunits according to the practices and procedures that follow.  In addition to 
the practices and procedures documented in this agreement, the Forest Service will 
continue to adhere to all Objectives, Standards and Guidelines found in the Flathead 
Forest LRMP, as amended 

 
(a) Open Road Densities 

 
(i) To minimize the risk of death or injury to Bears, the Parties will manage 

roads throughout the included subunits so that no more than 33% of any 
given BMU Subunit exceeds an Open Road density of one mile per square 
mile during the Restricted Period.  This density will be achieved as soon 
as is practicable, but no later than five years after the termination of the 
Fiber Agreement that resulted from the sale of Plum Creek lands to FS 
and DNRC. (Planned to be 2018). This date may be extended if an 
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additional fiber agreement is put in place to obtain additional Plum Creek 
properties by either the National Forest or the Department of Natural 
Resource Conservation. The long-term goal is that no more than 21% of a 
BMU Subunit shall exceed the Open Road density of one mile per square 
mile.  The reduction from 33% to 21% will be done by voluntary road 
closures by the Parties. 

 
(ii) The share of the allowable possible deviation from the 1 mi/sq mile 

standard will be apportioned among the Parties in approximate 
proportion to land ownership within the BMU Subunit, provided that no 
Party shall take advantage of road reductions made by another Party, 
except as mutually agreed to by all Parties.  No Party will be required to 
close roads if the required open road density of 33% set forth in Section 
3(a)(i) is otherwise being met.  

 
(iii) Open road densities of lands owned or managed by the Parties within 

each BMU Subunit will be calculated using a GIS moving window 
technique. 

     
(b) Operations and Uses 
  

(i) The Parties agree to stop all management activities (other than 
replanting and non-motorized Administrative Use) during the Spring 
Period in Spring Habitat, provided that (x) Administrative Use and the 
hauling of harvested logs may occur on roads that are open to the public 
that are in such Spring Habitat and (y) road use associated with 
replanting and limited spring burning is permitted on all roads.   Roads 
within Linkage Zones at low elevation that are open to all Administrative 
Uses between April 1 and June 15 are shown in Attachment H.    

 
(ii) The Parties agree to limit the number of Active Subunits within the 

Conservation Area by concentrating Commercial Use during the 
Restricted Period in four (4) out of the eleven (11) BMU Subunits on a 
rotational basis, leaving the other seven (7) BMU Subunits as Inactive 
Subunits during the Restricted Period for a minimum of three (3) years.  
The rotational schedule as it is currently contemplated is governed by 
Attachment I attached to and hereby made a part of this Agreement.  At 
no one time during the Restricted Period will more than: two BMU 
Subunits be Active Subunits within the Mission Range BMU; one BMU 
Subunit be an Active Subunit within the Big Salmon BMU; and one BMU 
Subunit be an Active Subunit within the Bunker BMU.  The Parties will 
commence such rotation on the date set forth in Attachment I, but in any 
event not later than three years after the Effective Date.   Periodically, as 
necessary, the Parties may agree to adjust or modify these seasonal and 
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rotational concepts based on evolving science regarding the needs of the 
Bear.  Insofar as possible, schedules will be developed 3 years in advance 
of the start of the Commercial Activity within a BMU Subunit. 

 
(iii) Every effort will be made to minimize uses in Inactive Subunits, but when 

in the interests of local residents it may be possible to allow post and 
pole and bough collection in Inactive Subunits as long as the activity is 
less than two consecutive weeks in duration.     

   
    (iv) Salvage Harvests will not occur in Spring Habitat during the Spring Period.  

In Inactive Subunits, Salvage Harvests shall be conducted either:  (x) 
between June 16 and August 31 as long as they do not exceed more than 
30 days in the aggregate for a given Inactive Subunit within a given 
calendar year, or (y) during the Denning Period (November 16 to March 
31).  Salvage Harvests during the period June 16 to August 31 in Inactive 
Subunits resulting from extraordinary events such as catastrophic fire or 
blow-down that require more than two consecutive weeks or in the 
aggregate more than 30 days in a calendar year to complete, may require 
special management.  The Parties agree to confer on a case-by-case basis 
with respect to such events to determine the special management 
opportunities that might compensate for any such Salvage Harvests. 

 
(v) Although the Parties will attempt wherever feasible to avoid activities 

during the Spring Period in Spring Habitat outside of Preferred Habitat, 
they recognize that some Administrative and Commercial Use may need 
to occur in Active Subunits in such low elevation areas during such 
period.  If a party wishes to conduct an activity within Spring Habitat (but 
outside of Preferred Habitat) during the Spring Period that is otherwise 
prohibited by subparagraphs (i) or (iv) above, such party may 
nevertheless conduct such activity provided that the activity complies 
with a plan prepared in accordance with this paragraph.  Before 
conducting such activity, the Party proposing such activity agrees to 
confer with the Service on a disturbance avoidance plan to mitigate for 
such activity.  Such plan, which shall be prepared by a wildlife biologist 
for the party proposing such activity after conferring with the Service, 
shall detail the steps that will be taken to avoid and/or minimize the 
impacts of the activity on Bears and be submitted to the Service for 
review at least four weeks prior to the commencement of the planned 
activity.   

 
(c) Road Locations 

 
(i) The Parties recognize the importance of Preferred Habitat and Riparian 

Zones to Bear security and the Service recognizes the Parties' need to 
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access their lands.  Accordingly, the Parties will limit the construction of 
new roads in Preferred Habitat and Riparian Zones to those roads that 
are essential to forest management.  In addition, any roads built in these 
areas will be constructed in such a manner as to minimize the 
density/mileage of roads in such areas.  Existing roads will be analyzed 
and those not required for short term management will be Reclaimed, 
and those roads needed for ongoing primary access will be relocated 
when reasonable. 

 
(ii)  Within the Conservation Area, harvest or new road construction will 

leave Visual Screening between roads that are outside of Even Age 
Cutting Units and the Unit itself, although exceptions may be required to 
accommodate some cable yarding harvest. 

 
(d) Cover 

 
(i) The Parties will evaluate Cover across all ownerships and will manage 

their lands so that a minimum of 40% of all land in each BMU Subunit in 
the Conservation Area is maintained in Cover.  To the extent feasible, 
Cover will be distributed evenly throughout the Subunit.  Each party will 
be responsible for maintaining cover, at a level adequate to meet the 
40% objective, in proportion to its ownership within the Subunit.   

 
(ii) Visual Screening retention will be the management objective in areas 

adjacent to all Open Roads.  The Parties will leave Visual Screening 
adjacent to Open Roads, although exceptions may be required for such 
situations as cable yarding harvest and in some exceptional cases of 
insects, disease, or blow down.  Even-age treatments adjacent to Open 
Roads will be no larger than one acre. 

 
    (iii) The Parties will lay out Even Age Cutting Units in the Conservation Area 

so that no point in the unit is more than 600 feet from Cover.  The Parties 
will use their best efforts to leave Cover around natural open areas so 
that no point of such openings is more than 600 feet from Cover.  
Catastrophic events will be dealt with on a case-by-case basis. 

 
(iv) In large Even Age Cutting Units (larger than 40 acres) the Parties will 

retain Cover to reduce  line-of-sight distances.  
 

 
(e) Riparian Zones 

 
The Parties will use uneven-aged forest management practices in Riparian Zones 
located in the Conservation Area. 
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(f) Security 
 

(i) The Parties acknowledge that Reclaimed Roads and Restricted Roads are 
important for providing security for Bears.  The Parties agree to 
contribute to security, particularly within Linkage Zones, by reclaiming or 
restricting roads.  DNRC  may voluntarily elect to contribute to security, 
particularly within Linkage Zones, by reclaiming (as defined in this 
Agreement) some roads that are not essential to their respective 
management.  The Forest Service hereby agrees not to take management 
actions that increase total road density or open road density or to 
decrease Core Areas on its ownership.  DNRC will voluntarily agree to 
contribute those areas set forth in Attachment C as Core Areas.  The 
Forest Service also agrees to reclaim roads to enhance use of preferred 
and other high quality habitats, and to complement adjacent areas of 
secure habitat. The Parties will cooperate in identifying roads on their 
lands within the Conservation Area that are grown-in and/or unnecessary 
for management and will make such roads Reclaimed Roads from April 1 
to November 15 in order to increase security for bears. The Parties agree 
not to reclaim existing roads accessing the other Parties' lands without 
first ensuring that reasonable alternative access exists.  DNRC agrees to 
work with the Forest Service to minimize the number and length of new 
roads that will go through Core Areas; provided, however, that the 
foregoing will not require DNRC to accept alternate access that would 
preclude reasonable use of their lands.  The Forest Service agrees that if 
the only reasonable access is through Core Areas that it will provide 
replacement Core Areas, where feasible, so that such access by DNRC is 
possible. 

 
(ii) Both the FS and DNRC will prohibit their contractors that are working 

under contract from carrying firearms while on duty. 
 

(iii) DNRC will not be subject to a total road density standard.  The Forest 
Service will not take management actions that  increase total road 
density on its ownership except to the extent required by law to grant 
access to in-holders.  The Forest Service agrees to reclaim roads to the 
extent necessary to meet its total road density obligations.  DNRC agrees 
to work with the Forest Service to minimize the total road density impact 
on the Forest Service caused by their access requests; provided that the 
foregoing will not require DNRC to accept alternative access that would 
preclude reasonable use of their respective lands. 

 
(iv) Nothing in this Section 3(f) shall be construed to change the obligation of 

the Forest Service to maintain existing easements and permits or to 

60 
 



DRAFT – SUBJECT TO CHANGE – Please do not distribute. February 2013 
 

provide access to non-federal lands within the boundaries of the national 
forest, as required by law.  

 
2. Monitoring and Coordination 
 

(a) The Parties acknowledge that the principles of "adaptive management" should 
govern management within the Appendix __ subunits.  As such, new information 
gained from monitoring and research, conducted either within or outside the 
appendix __  subunits, will be reviewed on an annual or more frequent  basis, as 
necessary, to determine if changes in management direction are appropriate.  
The Parties may choose to support such research/monitoring by contributing to 
ongoing or future proposed Bear research projects. 

 
(b) The Parties will cooperatively monitor the application and effectiveness of the 

Guidelines on an ongoing basis and provide the Service with the results thereof 
on an annual basis.  Monitoring will include:  (i) an analysis of open and total 
road densities, (ii) levels of Administrative Use in Inactive Subunits, (iii) levels of 
Administrative Use on Restricted Roads within Linkage zones during the Spring 
Period and fall period (September 1 to November 15). 

 
(c) The Guidelines will be reviewed by the Parties annually and appropriately 

revised, pursuant to the procedures set forth in Section 10 hereof.  Revisions will 
be commensurate with new research findings concerning Bear conservation 
practices and experience with the practicability of the strategies agreed to here. 

 
(d) The Parties agree to develop strategies to inform the public about the needs of 

the Bear. 
 
3. Application 
 

The provisions of this Appendix have been tailored to protect Bears under the special 
conditions present within the Swan Valley of the Northern Continental Divide 
Ecosystem.  The terms of this appendix apply only to the Subunits as defined in this 
Appendix. 

 
 
4. Resources 
 

Nothing in this Appendix shall require the DNRC or the Forest Service to expend funds 
that have not been lawfully appropriated and administratively allocated for such use. 
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Appendix 8 
Interagency Rocky Mountain Front Management Guidelines for Selected Species 
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Appendix 9 
Private Lands – 2011 Values Inside the PCA 

 

BMU Name 
miscellaneous 

businesses, 
day-use, etc. 

residences 
& overnight 

use 
unknown 

        
Badger Two Medicine 10 79   
Big Salmon 26 390 5 
Birch Teton 2 55 1 
Bunker   42   
Dearborn Elk Creek   163   
Hungry Horse 1488 1515 14 
Lower Middle Fork Flathead 119 305 4 
Lower North Fork Flathead 179 379   
Mission Range 5 563 3 
Monture Landers Fork 1 97   
Murphy Lake   10   
Northeast Glacier 89 271 1 
Rattlesnake   6   
South Fork Sun Beaver Willow 1 34   
Southeast Glacier 83 245 1 
Stillwater River 19 27   
Sullivan 111 674 9 
Teton Sun River 1 97 2 
Upper Middle Fork Flathead 21 76 5 
Upper North Fork Flathead 177 331 3 
Upper South Fork Flathead   5   
        

sub-totals 2332 5364 48 
Spatial data used in this analysis: 
Katherine Ake, NCDE Data Base Coordinator.  USFS.  Northern Continental Divide Ecosystem Bear Management 

Units (BMU) for GrizzlyBears.  Kalispell, MT.  2008. 
Montana Base Map Service Center/Montana State Library.  Montana Structures Framework.  Helena, MT.  January 

2, 2013. 
Montana Base Map Service Center/Montana State Library.  Public Lands (Cadastral Version).   Helena, MT.  

November 13, 2012. 
Data Analysis Notes:   
Structures locations where value_ IS NULL or value_ = “Structure (abstract)” were not used in this analysis because 
these locations were generated from address data and are typically duplicate locations for the structures digitized 
using aerial imagery.   Structures occurring on public lands were excluded from the analysis.  Structure types were 
generalized into the classification descriptions as noted in the corresponding Structures Lookup worksheet in this 
spreadsheet file.  
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Appendix 10 
Detailed Summary of Current USFS Management Plan Direction Relevant to 

Grizzly Bears in Management Zones 1 and 2 
 

HABITAT MANAGEMENT – ZONE 1 

Habitat Standards from Existing Forest Plans and/or Biological Assessments for Grizzly Bears  

Programmatic Decisions or Actions beneficial for Grizzly Bears 
 

• Regional INLAND Native Fish Strategy, 1996 – amends Forest plans (Flathead, Helena, 
Kootenai, Lolo and Deerlodge) in western Montana and provides direction in the form of 
riparian management objectives, standards and guidelines. Riparian direction provides 
consistent direction to maintain productivity of highly used bear habitat component. 

• Off-Highway Vehicle Record of Decision for Montana, January 2001 – amends Forest 
Plans in Montana and establishes a new standard that restricts yearlong, wheeled 
motorized cross-country travel, where it is already not restricted, with specific 
exceptions.  Restricting motorized cross-country travel would benefit all terrestrial 
species by reducing disturbance to wildlife and the soil (OHV FEIS) 

• Roadless Area Conservation Strategy, 2001 – prohibits road construction, road 
reconstruction, and or timber cutting, sale or removal in inventoried roadless areas 
except under certain circumstances.  Subsequent litigation resulted after this decision.  
On October 21, 2011 the US Court of Appeals for the Tenth Circuit unanimously ruled to 
restore the Roadless Rule, ending a 2008 national injunction. The Roadless Rule blocks 
road-building and commercial timber harvesting on expanses of National Forest 
roadless areas.  This decision is likely to provide a vast area of secure habitat for 
terrestrial species.   

• Northern Rockies Lynx Management Direction, 2007 – may beneficially affect grizzly 
bears by maintaining riparian habitat, reducing the disturbance associated with minerals 
and human uses, reducing habitat fragmentation and providing for animal movement. 

• The Montana Legacy Project is a cooperative project of The Nature Conservancy, The 
Trust for Public Land and state, federal and private partners that have transferred 
ownership of about 310,000 of former Plum Creek lands to conserve vital wildlife 
habitat and water resources, maintain the forestland production and restoration 
opportunities that sustain both the land and local economies, and to conserve 
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traditional access for a broad variety of outdoor recreation activities.  Many of these 
acres are located within current grizzly bear habitat and connectivity areas. 

• Participation with other federal, state, county, and private partners in land management 
and conservation such as the Swan Valley Bear Resources and Forest Stewardship 
programs, the Blackfoot Challenge, and Vital Ground which promote programs and 
projects to reduce bear-human conflicts and promote habitat connectivity. 

 
General Management Directions 
Upon delisting the grizzly bear will be designated a Forest Service Sensitive Species. 

• As part of the National Environmental Policy Act process, conduct analyses to review 
programs and activities, and determine their potential effect on sensitive species. The 
biological evaluation shall be conducted or reviewed by qualified persons as determined 
by the Forest Supervisor.  Adverse impacts to sensitive species or their habitats should 
be avoided.  If impacts cannot be avoided, the significance of potential adverse effects 
on the population or its habitat within the area of concern and on the species as a whole 
will be analyzed.  Project decisions will not result in loss of species viability or create 
significant trends towards federal listing. 

• To further minimize and avoid risks to species the proposed action will include the 
following additional clauses as conservation measures1.   These clauses or provisions 
were selected from Forest Service Handbook 2709.11 –  Special Uses Handbook Chapter 
50 - Terms and Conditions, Section 52 - supplemental terms and conditions and the 
Region 1 Special Uses Handbook Supplement No. 2709.11-2000-1 for resource and 
improvement protection. 

• X-8.  Protection of Habitat of Endangered, Threatened, and Sensitive Species. 

Location of areas needing special measures for protection of plants or animals listed as 
threatened or endangered under the Endangered Species Act of 1973, as amended, or 
as sensitive by the Regional Forester under authority of FSM 2670, derived from ESA 
Section 7 consultation, may be shown on a separate map, hereby made a part of this 
authorization, or identified on the ground.  Protective and mitigative measures specified 
by the authorized officer shall be the responsibility of the authorization holder.  If 
protection measures prove inadequate, if other such areas are discovered, or if new 

1 Conservation measures - are actions to benefit or promote the recovery of listed species that are included by the 
Federal agency as an integral part of the proposed action. These actions will be taken by the Federal agency or 
applicant, and serve to minimize or compensate for, project effects on the species under review. These may 
include actions taken prior to the initiation of consultation, or actions which the Federal agency or applicant have 
committed to complete in a biological assessment or similar document. 
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species are listed as federally threatened or endangered or as sensitive by the Regional 
Forester, the authorized officer may specify additional protection regardless of when 
such facts become known.  Discovery of such areas by either party shall be promptly 
reported to the other party. 

• R1-X10 - Grizzly Bear Protection.  Mandatory in all special-use authorizations within 
occupied grizzly bear habitat.   

This special-use authorization includes land which is part of the habitat of the grizzly 
bear.  Therefore, in compliance with Forest Service responsibilities under the 
Endangered Species Act of 1973, 16 U.S.C. 1531, the following conditions apply to this 
special-use authorization:   
1.  The authorized officer may order an immediate temporary suspension of all human 
activities permitted by this authorization and, if needed, revoke or terminate the 
special-use authorization when, in his/her judgment, such action is necessary in order to 
prevent confrontation or conflict between humans and grizzly bears.  The holder shall 
immediately comply with such order.  The United States shall not be liable for any 
consequences from such a suspension, revocation, or termination.  Such suspension, 
revocation, or termination may be appealed to the next higher level as provided in 36 
CFR 251, Subpart C (For easements under Title V FLPMA, 43 U.S.C. 1761-1771, change 
authority to 7 CFR 1.130-1.151) 
2.  The holder, his/her agents, employees, contractors, and subcontractors will comply 
with the requirements of the attached Grizzly Bear Management and Protection Plan 
dated                      in the conduct of any and all activities authorized.  The authorized 
officer may review and revise the plan as needed.  (The Grizzly Bear Management and 
Protection Plan will, as a minimum, address the following:  1. Camp locations and period 
of time each location is to be used. 2. Areas to avoid or enter, by type of activities, 
schedule.  3. Seasonal or other human activity limitations.  4. Identify livestock and pets.  
a. By location, b. Numbers, c. Types (horses, dogs, and so forth), d. Treatment of 
carcasses.  5. Food storage. a. Livestock and pets, b.  Human.  6.  Food preparation and 
cleanup.  7.  Garbage and refuse disposal.  a. Livestock and pets, b.  Human.  8.  Storage 
of game meat, if applicable.  9.  Suggestions for minimizing direct conflict.  10. Human 
safety.  11. Provisions for amendment or modification).   
3.  The holder assumes full responsibility and shall hold the United States harmless from 
any and all claims by him/her or by third parties for any damages to life or property 
arising from the activities authorized by this special-use authorization and encounters 
with grizzly bears, or from suspension, revocation or termination of activities authorized 
by this special-use authorization.   
4.  Intentional or negligent acts by the holder, his/her agents, employees, contractors, 
and subcontractors that result in injury or death of a grizzly bear will be cause for 
revocation or termination of this authorization in whole or in part.   
5.  Failure to comply with provisions 1, 2, or 3 may result in suspension, revocation, or 
termination of this authorization in whole or in part, and may cause criminal action to 
be taken against the holder under provisions of the Endangered Species Act of 1973, as 
amended, or other applicable authority.  
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B6.24 Protection Measures Needed for Plants, Animals, Cultural Resources, and Cave 
Resources. 

• Locations of known areas needing special measures for the protection of plants, 
animals, cultural resources, and/or cave resources are shown on Sale Area Map and/or 
identified on the ground. Special protection measures needed to protect such known 
areas are identified in C6.24. 

• In addition to any special protection measures noted, Purchaser has a general duty to 
protect all known and identified resources referenced in this Subsection from damage 
or removal during Purchaser’s Operations. Discovery of additional areas, resources, or 
members of species needing special protection shall be promptly reported to the other 
party, and operations shall be delayed or interrupted at that location, under B8.33, if 
Contracting Officer determines there is risk of damage to such areas, resources, or 
species from continued operations. 

• Wheeled or track-laying equipment shall not be operated in areas identified as needing 
special measures for the protection of cultural resources, except on roads, landings, 
tractor roads, or skid trails approved under B5.1 or B6.422. Unless agreed otherwise, 
trees will not be felled into such areas. Purchaser may be required to backblade skid 
trails and other ground disturbed by Purchaser’s Operations within such areas in lieu of 
cross ditching required under B6.6. 

• Purchaser shall immediately notify Forest Service if disturbance occurs to any area 
identified as needing special protection measures and shall immediately halt operations 
in the vicinity of the disturbance until Forest Service authorizes Purchaser to proceed. 
Purchaser shall bear costs of resource evaluation and restoration to identified sites. 
Such payment shall not relieve Purchaser from civil or criminal liability otherwise 
provided by law. Nothing in this Subsection shall be interpreted as creating any 
warranty that all locations and special measures for the protection of plants, animals, 
cultural resources, and cave resources have been described herein, elsewhere in the 
contract, or designated on the ground. 

Standard Provisions for a Timber Sale Contract include:  
B6.24 Protection Measures Needed for Plants, Animals, Cultural Resources, and Cave 
Resources. 

• Locations of known areas needing special measures for the protection of plants, 
animals, cultural resources, and/or cave resources are shown on Sale Area Map and/or 
identified on the ground. Special protection measures needed to protect such known 
areas are identified in C6.24. 
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• In addition to any special protection measures noted, Purchaser has a general duty to 
protect all known and identified resources referenced in this Subsection from damage 
or removal during Purchaser’s Operations. Discovery of additional areas, resources, or 
members of species needing special protection shall be promptly reported to the other 
party, and operations shall be delayed or interrupted at that location, under B8.33, if 
Contracting Officer determines there is risk of damage to such areas, resources, or 
species from continued operations. 

• Wheeled or track-laying equipment shall not be operated in areas identified as needing 
special measures for the protection of cultural resources, except on roads, landings, 
tractor roads, or skid trails approved under B5.1 or B6.422. Unless agreed otherwise, 
trees will not be felled into such areas. Purchaser may be required to backblade skid 
trails and other ground disturbed by Purchaser’s Operations within such areas in lieu of 
cross ditching required under B6.6. 

• Purchaser shall immediately notify Forest Service if disturbance occurs to any area 
identified as needing special protection measures and shall immediately halt operations 
in the vicinity of the disturbance until Forest Service authorizes Purchaser to proceed. 
Purchaser shall bear costs of resource evaluation and restoration to identified sites. 
Such payment shall not relieve Purchaser from civil or criminal liability otherwise 
provided by law. Nothing in this Subsection shall be interpreted as creating any 
warranty that all locations and special measures for the protection of plants, animals, 
cultural resources, and cave resources have been described herein, elsewhere in the 
contract, or designated on the ground. 

 
B8.33 Contract Suspension and Modification, (a) Contracting Officer may, by written order, 
delay or interrupt authorized operations under this contract or modify this contract, in whole or 
in part: 

• To prevent environmental degradation or resource damage, including, but not limited 
to, harm to habitat, plants, animals, cultural resources, or cave resources; 

• To ensure consistency with land and resource management plans or other documents 
prepared pursuant to the National Environmental Policy Act of 1969, 42 USC 4321-4347; 

• To conduct environmental analysis, including, but not limited to, engaging in 
consultation pursuant to the Endangered Species Act of 1973, 16 USC 1531, et seq.; or … 

 
Food and Attractant Storage Special Orders 
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The Kootenai, Flathead and Lolo have mandatory forest wide orders that were established in 
2011.  The Helena currently has orders for the NCDE recovery zone and the Lincoln RD.  Orders 
are included in contracts and permits on a portion of the Helena RD.  The Helena NF will be 
establishing a forestwide order in the near future.   
 
Road Density Standards  
Flathead LRMP Standards 

• Miles of existing "open" roads on a yearlong or seasonal basis will generally not increase 
above current "open" mileage. 

• To assure wildlife security needs within the different Geographic Units, unrestricted 
road density requirements have been established (refer to Table II-6).  (Unrestricted 
roads do not have seasonal or yearlong closure to public motorized access; restricted 
roads are physically closed by a gate, berm, or revegetation.) 

 
Table II-6. Geographic Unit Unrestricted Road Density Standards outside the NCDE recovery 

zone. 
Geographic Unit LRMP Road Density Requirement (Mi / mi²) 

Olney-Martin Creek 1.3 to 1.8 
Upper Good Creek 1.3 to 1.8 

Sylvia Lake 1.3 to 1.8 
Star Meadow-Logan Creek 1.8 to 2.2 
Tally Lake-Round Meadow 1.8 to 2.2 

Mountain Meadow-Rhodes Draw 1.8 to 2.2 
Upper Griffin 2.0 to 3.2 
Ashley Lake 2.0 to 3.2 
Island Unit 2.0 to 3.2 

 
Helena LRMP Standards 

• Implement an aggressive road management program to maintain or improve big game 
security.  

• Road management will be implemented to at least maintain big game habitat capability 
and hunting opportunity. To provide for a first week bull elk harvest that does not 
exceed 40% of the total bull harvest, roads will be managed during the general big game 
hunting season to maintain open road densities with the following limits. 

Existing Percent Hiding Cover (according 
to FS definition of  hiding cover¹ 

Existing Percent Hiding Cover (according 
to MDFWP definition of hiding cover² 

Max Open Road Density 
 

56 80 2.4 mi / mi² 
49 70 1.9 mi / mi² 
42 60 1.2 mi / mi² 
35 50 0.1 mi / mi² 
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¹A timber stand which conceals 90% or more of a standing elk at 200 ft.  ²A stand of coniferous trees having a 
crown closure of greater than 40%. 

• Unacceptable damage to soils, watershed, fish, wildlife, or historical/archaeological sites 
will be mitigated by road restrictions or other road management actions as necessary. 
Restrictions for wildlife reasons will be coordinated with the MDFWP. 

• APPENDIX D Forest Plan Grizzly Bear Management Outside of Recovery Areas.  Outside 
the recovery zone has a forest-wide standard of 0.55 miles/mile2 of open road density 
for areas of occupied grizzly habitat.  Grizzly bear habitat is identified by documentation 
of Biological Activity Centers which are verified grizzly bear observations over the last 6 
years out of 10, which would include females with cubs or yearlings at least 5 of the 10 
years. 

• Populations of wildlife "indicator species" will be monitored t o measure the effect of 
management activities on representative wildlife habitats with the objective of ensuring 
that viable populations of exiting native and desirable non-native plant and animal 
species are maintained (the threatened and endangered species include grizzly bear, 
gray wolf, bald eagle and peregrine falcon; 

 
Kootenai LRMP Forestwide Standards (an access amendment was signed Nov 2011, and a draft 
revised forest plan 2012 is released for public review) 

• Developmental activities will be rigorously examined to insure that the minimum 
number and length of roads are constructed to the minimum standard necessary. 

• Outside the recovery zone there is an open road density standard of 0.75 miles/mile2 for 
big game emphasis management area 12 and an open road density standard of 3.0 
miles/mile2 for recreation and timber emphasis management areas 15 – 18.   

• The recently signed access amendment applies to seven grizzly bear recurring use areas 
(i.e., BORZ areas) located outside of the CY and NCDE Grizzly Bear Recovery Zones and 
will ensure no increases in permanent linear miles of open and total roads on National 
Forest System lands in any individual BORZ, above the baseline conditions identified 
within the sixth code watersheds comprising the BORZ. Listed exceptions are included in 
the Access Amendment and include but are not limited to ANILCA claims, and 
identification of RS24477 thoroughfares.  Areas within the BORZ boundary can increase 
or decrease based on the criteria developed by the Level 1 consultation team 
representing the CYE.  
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Lolo LRMP Forestwide Standards 

• Motorized vehicles will be limited to system roads and trails which are designated open 
in the Lolo Forest Travel Plan. 

• Lolo National Forest roads will be the minimum number and meet the minimum design 
standards possible while still meeting safety, user and resource needs. 

• Manage Forest roads to provide for resource protection, wildlife needs, commodity 
removal, and a wide range of recreation opportunities. 

• On highly productive big game summer range, open road densities of existing roads will 
be restricted to a maximum of 1.1 miles of road per section and all new roads, except 
arterials, will be closed year-round (average values calculated over designated herd-unit 
analysis areas). 

• New roads will be closed to the public year-round in areas of moderate big game 
summer range, but roads now open (1984 Travel Plan) will remain open.  

• Areas with high potential for walk-in hunting or fishing experiences will be considered 
for road closures.   

• Roads within grizzly bear habitat may be closed seasonally if it is determined that an 
open road may be increasing the risk of human-caused bear mortality.  Within 
designated Essential Habitat spring range, all non-arterial systems will be closed April 15 
to June 15.  On summer range, roads that bisect identified critical habitat components 
will be closed July 15 thru October 15.  

 
Vegetation Standards and Guidelines  
Flathead LRMP 

• Maintain or restore existing old growth consistent with Wildlife and Fish objectives and 
standards. 

• Elk summer habitat* will be given appropriate protection and managed in accordance 
with the following selected recommendations from the Coordinating Elk and Timber 
Management, Final Report of the Cooperative Elk-Logging Study, 1970-1985, January 
1985. 

Helena LRMP 
• On important summer (see Glossary in Forest Plan) and winter range, adequate thermal 

and hiding cover will be maintained to support the habitat potential. 

* Elk summer habitat, as defined above, encompasses some 30,000 acres of tentatively suitable 
timberland on the Flathead National Forest.  Of the 30,000 acres, 6,500 are in riparian areas. 
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• An environmental analysis for project work will include a cover analysis. The cover 
analysis should be done on drainage or elk herd unit basis. (See Montana Cooperative 
Elk-Logging Study in Appendix C of the Forest Plan for recommendations and research 
findings on how to maintain adequate cover during project work.) 

• Subject to hydrologic and other resource constraints, elk summer range will be 
maintained at 35 percent or greater hiding cover and areas of winter range will be 
maintained at 25 percent or greater thermal cover in drainages or elk herd units.  

Kootenai LRMP 
• The standard for evaluation of elk habitat quality and for formulation of the 

prescriptions for timber sales and road development projects is The Montana 
Cooperative Elk-Logging Study, January, 1985. 

•  Key habitat components (wallows, wet meadows, bogs, etc) will be avoided when 
constructing roads.  As they are identified, those key components will be mapped and 
managed as riparian areas. 

• Manage to provide habitat diversity including cover and forage areas in a ratio 
appropriate for the species being considered (see list of species in MA goals).   

Lolo LRMP Forestwide Standards 
• Wildlife features such as wallows, mineral licks and seeps will be protected……] 
• A wildlife biologist will examine and recommend vegetative objectives for managing and 

protecting all winter range whenever activity is proposed within it.  
• The document, “Coordinating Elk and Timber Management” (Final Report of the 

Montana Cooperative Elk-Logging Study, 1970-1985) which summarizes the results of 15 
years of interagency elk/logging research will be used as a basic tool for assessing the 
affects of timber harvest upon elk habitat and for making decisions that affect the 
overall big game resource. 

• When considering activities in lands with intermingled ownership, the effects of 
activities by all landowners on the big game resource will be analyzed. 

 
Livestock Grazing Standards and Guidelines 
Flathead LRMP  

• Control livestock grazing in riparian areas to maintain water quality and fisheries 
habitat. 

• Management of domestic livestock grazing allotments will be consistent with 
management area direction. 
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Helena LRMP  
• Riparian condition within livestock allotments will be mapped and become part of the 

Allotment Management Plan 

• Where analysis shows range resource damage, the cause will be identified and 
corrective action will be initiated through an allotment management plan. 

• Best management practices will be used to minimize livestock damage to lakeside soils, 
streamsides, and other fragile areas. 

• Allotment management plans will specify the utilization standards of key plant species 
needed to protect the soil and water quality.  

Kootenai LRMP 
• Management of domestic livestock grazing allotments will be consistent with 

Management Area direction. 

• The soil and water conservation practices specified in FSH 2509.22 will be applied during 
Forest plan implementation to ensure that Forest water quality goals are met.    

Lolo LRMP Forestwide Standards 
• Conflicts between livestock and big game will be resolved so big game are allocated the 

forage required to meet their needs.  Domestic livestock will be allowed to utilize any 
forage surplus not conflicting with the planned expansion of big-game populations.  
Reductions in livestock numbers will be avoided if possible, but will be acceptable to 
meet management goals. 

• Allotments with no AUM’s shown for the Proposed Action in Appendix B will be phased 
out unless the permittee is willing to make necessary investments in livestock 
management and structural improvement to maintain range condition at an acceptable 
level. 

• 1995 Lolo Forest Plan amendment closed a number of livestock allotments and removed 
sheep grazing from the forest. 

Oil and Gas Leasing / Minerals Standards and Guidelines  
Flathead LRMP - In addition, to assist land managers in meeting established goals for the grizzly 
bear, the following guidelines have been developed.   

• All oil and gas planning, leasing, and implementing activity on the Flathead National 
Forest will be in accordance with the EA (Environmental Assessment), Flathead National 
Forest, 1980, other NEPA documents covering the portions of the Forest not covered by 
the 1980 environmental assessment, or other NEPA documents or processes that may 
be required by the current litigation challenging that 1980 EA.  
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• Scheduling of mineral exploration and other development activities will be established 
so as to provide security areas immediately adjacent to project analysis areas. 

• Temporary living facilities for exploration and/or development personnel may be onsite 
but with restrictions as necessary.  Offsite camps will be encouraged.  Approved camps 
will include restrictions on food storage, garbage disposal, firearms, and domestic pets. 

• Avoid superimposing activities on seasonally important grizzly bear habitats which may 
adversely affect the species or reduce habitat effectiveness. 

• Establish flight patterns (corridors) in advance when activities require the use of 
helicopters.  Flight patterns should be located to avoid seasonally important grizzly bear 
habitat constituent elements and habitat components during bear-use periods.  In some 
instances altitudinal restrictions could safeguard bears as well as flight corridors. 

Helena LRMP - Amendment 3 and 13– Leasable Minerals.  The Forest Plan does not make 
leasing recommendations.  The Plan identifies where oil and gas leasing could potentially occur, 
where it would be compatible or incompatible with surface resource management direction 
and what stipulations may be applied to the leasing activity should it occur.  Before any action is 
recommended on lease applications, site-specific analysis of environmental effects will be done 
in accordance with the NEPA process.  Stipulations displayed in Appendix N which are based 
upon the EA for Oil and Gas Leasing on the Helena NF, 1981, will be recommended in accord 
with management area direction in Chapter III.  Amendment 13 replaced Appendix N with a 
new Appendix N which contains lease notices and new stipulations for leases issued for 
available lands.  The need to change the Forest Plan to incorporate the uniform format for the 
lease stipulations and the decisions resulting from the leasing analysis on the Helena NF based 
on the 1987 Oil and Gas Leasing Reform act.  

• Contact the Forest Service to determine if a biological evaluation is required (FSM 
2670.31-32).  The Forest Service is responsible for ensuring that the leased land is 
examined through a biological evaluation, prior to undertaking any surface-disturbing 
activities, to determine effects upon any plant or animal species listed or proposed for 
listing as threatened, endangered, or sensitive. 

• The lessee or operator may choose to conduct the evaluation on the leased lands at 
their discretion and cost.  This biological evaluation must be done by or under the 
supervision of a qualified biologist/botanist approved by the Forest Service.  An 
acceptable report must be provided to the Forest Service identifying the anticipated 
effects of a proposed action on threatened, endangered, or sensitive species.  An 
acceptable biological evaluation is to be submitted to the Forest Service for review and 
approval no later than that time when an otherwise complete application for approval 
of drilling or subsequent surface-disturbing operation is submitted. 
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• Implement mitigation measures required by the Forest Service.  Mitigation may include 
the relocation of proposed lease-related activities or other protective measures.  The 
findings of the biological evaluation may result in some restrictions to the operator's 
plans or even disallow use and occupancy to comply with the 1973 Endangered Species 
Act (as amended), threatened and endangered regulations and Forest Service 
regulations. 

• If threatened, endangered, or sensitive plant or animal species are discovered in the 
area after any required biological evaluation has concluded, an evaluation will be 
conducted to assess the effect of ongoing and proposed activities.  Based on the 
conclusion drawn in the evaluation, additional restrictions or prohibitions may be 
imposed to protect the species or their habitats. 

Kootenai LRMP 
• Before recommendations are made on any lease applications, additional, site specific 

analysis of environmental effects will be made.  Stipulations which are displayed in 
Appendix 10 will be recommended in accord with management direction in Chapter III.  
Stipulations are for erosion control, and controlled or limited surface use. 

Lolo LRMP - Appendix F Oil and Gas Stipulations 
• Over the entire study area, conduct biological evaluation and, if needed, initiate formal 

consultation with the FWS for all oil and gas activities found to result in a may affect 
situation as per FSM 2670. 

• Prevent long-term or extensive disturbance within key T&E species habitat. 

• No surface occupancy will be allowed in grizzly bear denning areas. 

 
Developed Sites Standards and Guidelines 
Flathead LRMP  

• Retain the existing capacity of National Forest developed recreation sites on the 
Flathead National Forest during the next 10 years.  The quality of the developed 
recreation opportunities available will be improved through "full-service" maintenance2 
or redesign and reconstruction of existing sites to better accommodate present and 
future needs.  Some slight capacity changes may occur as a result of these 
improvements; however, the changes will provide a better service to the public. 

2 “Full Service” maintenance is specified in Forest Service standards and guidelines on Cleaning 
Recreation Sites, July 1980, USDA FS #80231801, pages 6-7. 
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• No expansion of campground capacity will be permitted if the expansion competes with 
campgrounds in the private sector. 

• Subdivisions - District Rangers will work closely with city/County planning and zoning 
organizations when proposed subdivisions affect National Forest resources.  Early input 
into development plans are needed to minimize potential problem areas such as: 
access, garbage disposal, utilities, water systems, sewage disposal, TV and/or radio 
antennas, boundary line accuracy, fencing, covenants, fire hazards, and visual problems.  
As subdivisions develop, requests for individual use will be discouraged in favor of group 
or community requests.  Initial individual (developer) permits will be phased out and 
incorporated in community permits.   

Helena LRMP 
• New campgrounds and other developed recreation facilities, such as boat ramps or 

picnic areas, will generally not be constructed.  Continue to maintain existing developed 
sites, but emphasize providing dispersed recreation opportunities.  Removal of existing 
sites may be necessary in some cases, due to site deterioration or excessive 
maintenance cost. 

• Subdivisions - District Rangers will work closely with city/County planning and zoning 
organizations when proposed subdivisions affect National Forest resources.  Early input 
into development plans are needed to minimize potential problem areas such as: 
access, garbage disposal, utilities, water systems, sewage disposal, TV and/or radio 
antennas, boundary line accuracy, fencing, covenants, fire hazards, and visual problems.  
As subdivisions develop, requests for individual use will be discouraged in favor of group 
or community requests.  Initial individual (developer) permits will be phased out and 
incorporated in community permits.   

Kootenai LRMP 
• Provide displays and information to make site users more aware of and informed about 

the area wildlife. 

• New recreation sites will be located away from important wildlife habitat such as calving 
areas, meadows, winter range, etc.  If the only available sites are on wildlife habitat, the 
recreation use season will be adjusted to avoid conflict with important wildlife use 
seasons. 

Lolo LRMP Forestwide Standards 
• The Forest will not significantly expand the capacity of developed recreation sites on the 

Lolo National Forest during the next 10-year period. 
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HABITAT MANAGEMENT – ZONE 2 

Lewis and Clark National Forest – Jefferson Division 

Portions of 3 Ranger Districts:  
• Judith – northeast portion of the Little Belt Mountains 
• White Sulphur Springs – western Little Belt Mountains, north Castle Mountains 
• Musselshell – southeast portion of Little Belts, north Crazies 

Access Management 

• Some road density restrictions are in place based on Management Areas (MAs): 
o 19% of Division in 05.-1.5 mi/sq mi open road density (ORD) 
o 30% in 1.5-3 mi/sq mi ORD 
o 7% in 3+ mi/sq mi ORD (developed recreation areas and mining sites; corresponds with 

what would likely be MS-3 habitat) 
• Some restrictions on road-building exist that do not involve specific road density numbers, in 

remaining MAs: 
o 19% of Division allows construction for harvest only within first mile from roads 

documented in 1983 inventory; these to remain closed to public except seasonal 
firewood cutting 

o 23% of Division specify no construction for surface uses, and roads built for subsurface 
minerals must be closed to public  

• 1.4% does not allow any road construction except in small area  for limited harvest; roads there 
must be obliterated and re-contoured  

• Forest Plan does not address motorized trails  
• Forest-wide big game standard establishes numeric standard for hiding cover, calculation of 

which includes road density component (methods to be based on MT Elk-Logging Study) 
• Current motorized routes set by 2007 Travel Plan, part of which has been remanded in litigation 

and interim direction applied that increases motorized route density in specific areas (mainly 
WSAs) from what was reported in Travel Plan FEIS and ROD. 

• Requires NEPA process to alter current Travel Plan (i.e. create additional open motorized routes) 
BVRD -  RECREATION AND TRAVEL MANAGEMENT 
Table – Density of Roads and Trails Open to Summer Motorized Use by Landscape 

Landscape  Desired Summer Open Motorized 
Road and Trail Density Mi/mi2* 

Food Storage Order 
Applies 

Boulder River  1.9  
Clark Fork - Flints 1.9  
Jefferson River 1.6  
Upper Clark Fork  2.0  

*This does not include roads available for permitted or administrative use. 

Table – Hunting Season Open Motorized Road/Trail Densities by Hunting Unit 
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Hunting Unit Desired Fall Open Motorized Road and Trail Density Mi/mi2* 
215  1.5 
318  1.8 
350  1.3 
370  1.0 

*This does not include roads available for permitted or administrative use. 

Outside the PCA in areas identified in state management plans as biologically suitable and socially 
acceptable for grizzly bear occupancy, accommodate grizzly bear populations with other land use 
activities, if feasible, but not to the extent of the exclusion of other uses. “Feasible” means one, which is 
compatible with (does not make unobtainable) major goals and objectives of other uses. 

Food Storage 

Currently, Food Storage Order in place only for campgrounds in Little Belt mountains.  

Helena National Forest 

Portions of 2 Ranger Districts:  

• Helena – north Boulder Highlands, NW Elkhorns, N Big Belts 
• Townsend – E Elkhorns, S Big Belts 

 
Access Management 

• Limited area (approx. 25,000 ac) specifically restricted to < 2 mi/sq mi ORD in north 
Boulder/Highlands; no other specific density standards.  January 2013 a site specific amendment 
is  being intiated that modifies this to create less density and more security overall. This 
amendment will supercede this standard. As a result there will be specific areas that will have 
higher densities and others less.  

• Forest-wide big game standard establishes numeric standard for hiding cover, calculation of 
which includes road density component (methods to be based on MT Elk-Logging Study). 
Specific open road densities are established for hunting season in order to achieve specific cover 
objectives.  

• Forestwide standards include provisions to close/restrict roads in seasonally important wildlife 
habitats 

• Access for minerals development is to be on case-by-case basis, with full analysis of impacts to 
all potentially affected resources 

• No specific references to motorized trails (old Forest Plan, pre-dates most recreational ATV use) 
Food Storage 

No food storage in place anywhere except the portion of the Lincoln RD that is outside the PCA.  We 
anticipate food storage orders being implemented in Zones 1 and 2 by 2014.  

Sheep Grazing 
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• Townsend RD (Big Belts) has 2, with total of about 1200 sheep; no plans to phase out 
• No sheep allotments on the Helena RD (Big Belts) 
• Lincoln RD has 2 

Gallatin National Forest 

Portions of 3 Ranger Districts:  

• Bozeman –  Bridgers and Bangtails 
• Livingston -  West Crazies 
• Big Timber – East Crazies 

Access Management 

• Travel Planning Decision in 2006 removed via Forest Plan Amendment specific standards for 
road density based on elk hiding cover 

• Travel Plan also amended several MA standards out of the Plan that limited new road or trail 
construction based on Recreation Opportunity Spectrum; the purpose of amending them out 
was to allow the Travel Planning analysis process to determine appropriate and detailed goals, 
objectives, standards, and guidelines for individual geographic areas. Some MAs were retained 
that allow, limit, or prevent new road or trail construction, depending on MA goals and 
objectives.  

• Detailed goals, objectives, standards, and guidelines are established in Travel Plans for individual 
geographic areas  

• Travel Plan ROD states that roads can be built or re-opened for specific uses but that “it will be 
necessary however to effectively close these routes to public motorized use after completion of 
the activity unless theyare otherwise designated for such use through the Travel Plan.” 

• Travel Plan ROD and BO may provide further information about access management; also 
USFWS 1996 Biological Opinion (BO), Gallatin Forest Plan Amendment 19 (may apply only to 
occupied habitat), and the 2004 BO for the Forest Plan outside the recovery zone  

 

Food Storage 

The entire Gallatin National Forest is under a Food Storage Order 

Sheep Grazing 

There are no domestic sheep grazing allotments on the GNF 

Beaverhead-Deerlodge National Forest 

Portions of 6 Landscapes (planning areas) all in Boulder/Highlands mtns: 

• Boulder River (N and NE of Butte) 
• Elkhorn 
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• Jefferson River (E of Butte) 
• possibly small portion of Upper Clark Fork (N of Butte) 
• possibly small portion of Clark Fork-Flints (E of Deer Lodge) 

Also includes SW portion of Elkhorns but defer mgmt. to Helena 

Access Management 

• Forest Plan states for wildlife secure areas and connectivity to “manage density of open 
motorized roads and trails by landscape year-round, except fall rifle big game season, to achieve 
levels at or below the following; if they exceed these densities, manage for no net increase:  

o Boulder River: 1.9 mi open motorized/sq mi 
o Jefferson River: 1.6 mi open motorized/sq mi 
o Upper Clark Fork: 2.0 mi open motorized/sq mi 
o Clark Fork-Flints: 1.9 mi open motorized/sq mi 

• Plan established desired ORD for Fall by hunting district (all in the Boulder/Highlands mtn range; 
all at or lower than summer ORDs); if they exceed these densities, manage for no net increase 

• Deferring update of management in Elkhorn Unit of B-D to Helena NF; currently no motorized 
use and none anticipated 

 
Food Storage 

No Food Storage requirements north/east of I-90 currently but anticipated by November 2014. 

Sheep Grazing 

No sheep allotments in the Boulder Highlands or Elkhorns ranges 

BVRD -  RECREATION AND TRAVEL MANAGEMENT 
Table 13. Density of Roads and Trails Open to Summer Motorized Use by Landscape 

Landscape  Desired Summer Open Motorized 
Road and Trail Density Mi/mi2* 

Food Storage Order 
Applies 

Boulder River  1.9  
Clark Fork - Flints 1.9  
Jefferson River 1.6  
Upper Clark Fork  2.0  

*This does not include roads available for permitted or administrative use. 

Table 14. Hunting Season Open Motorized Road/Trail Densities by Hunting Unit 

Hunting Unit Desired Fall Open Motorized Road and Trail Density Mi/mi2* 
215  1.5 
318  1.8 
350  1.3 
370  1.0 
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*This does not include roads available for permitted or administrative use. 

Outside the PCA in areas identified in state management plans as biologically suitable and socially 
acceptable for grizzly bear occupancy, accommodate grizzly bear populations with other land use 
activities, if feasible, but not to the extent of the exclusion of other uses. “Feasible” means that which is 
compatible with (does not make unobtainable) major goals and objectives of other uses. 
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Appendix 11 
Detailed Summary of Current BLM Management Plan Direction Relevant to Grizzly 

Bears in the PCA, Management Zone 1, and 2 for the Butte, Lewistown, and 
Missoula Field Offices 

Butte Field Office Resource Management Plan 

The Butte Field Office has 232,000 acres in Zones 1  and 2 (5,000 acres in the PCA).  Management of BLM 
lands here occurs under the Butte Resource Management Plan 2009.  The following management 
guidelines in the plan are relevant to grizzly bears and/or their habitat: 

− Manage dry forest types to contain healthy, relatively open stands with reproducing site-
appropriate, desired vegetation species. 

− Manage moist forest types to contain healthy stands that combine into a diversity of age 
classes, densities, and structure (including dead and down material). 

− Forest and woodland health assessments will be incorporated into Land Health Standards at 
the activity plan level to determine forest health conditions in project areas. 

− Vegetation manipulation projects will be designed to minimize impacts to wildlife habitat and 
improve it when possible. 

− New permanent and temporary road construction will be kept to a minimum. Temporary 
roads will be decommissioned (route will be closed and rehabilitated to eliminate resource 
impacts such as erosion, and rendered no longer useable for public or administrative uses) 
within one year of project completion. In addition, replacement, maintenance, or 
decommissioning of existing roads to meet transportation planning and management 
objectives may also occur as part of forest product removals or stewardship treatment 
projects. 

− Firewood cutting will not be allowed within 100 feet of live (yearlong flow) streams or within 
50 feet of intermittent streams. 

− When salvage is proposed in dead and dying forests, contiguous acres of undisturbed 
standing and down woody material will be retained in adequate amounts for those wildlife 
species that depend on this type of habitat. 

− The BLM will strive to maintain and/or restore stands with old forest structure within historic 
range of variability to maintain and/or enhance habitat for species dependent on this type of 
habitat. Existing and developing old forests will be retained and protected from 
uncharacteristically severe natural disturbances such as; stand replacing wildland fire, and 
insect and disease epidemics. 

− Manage riparian and wetland communities to move toward or remain in proper functioning 
condition (appropriate vegetative species composition, density, and age structure for their 
specific area). Manage these communities to be sustainable and provide physical stability and 
adequate habitat for a wide range of aquatic and riparian dependent species. 

− At the Field Office scale, management will maintain, protect, restore and/or improve riparian 
areas and wetlands. Riparian areas that are functioning at risk will be a high priority for 
restoration. 
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− Restorative treatments in riparian areas will focus on re-establishing willows, aspen, and 
cottonwood stands as well as other riparian vegetation, and to move towards pre-fire 
suppression stem densities in conifer stands. 

− Where conifers are outcompeting or precluding regeneration of aspen, or preventing 
establishment of aspen or cottonwood stands, conifers will be removed (via mechanical 
methods and/or prescribed burning) to provide suitable habitat for expansion of these 
species. 

− Forested riparian habitats will be managed to accelerate the development of mature forest 
communities to promote shade, bank stability, and down woody material recruitment. Late-
successional riparian vegetation will be promoted in amounts and distribution similar to 
historic conditions. 

− Grazing practices in riparian areas (accessibility of riparian areas to livestock, length of grazing 
season, stocking levels, timing of grazing, etc.) that retard or prevent attainment of riparian 
goals or proper functioning condition will be modified. 

− Sufficient forage and cover will be provided for wildlife on seasonal habitat. 
− BLM will develop and implement appropriate grazing strategies in grizzly bear management 

zones. 
− BLM will continue to use a combination of cultural, physical, chemical, and biological 

treatments for weed control. 
− BLM will encourage the development of weed management areas where the landowners and 

users are cooperatively working to manage noxious weeds within designated areas. 
− BLM will focus prevention of weed spread along roads, trails, waterways, recreation sites, and 

disturbed sites associated with project implementation. 
− Weed management prescriptions will be included in all new vegetation treatment projects 

and incorporated where possible in all existing contracts, agreements, and land use 
authorizations that would result in ground-disturbing activities. 

− Weed seed free forage will be used on BLM lands.  Forage subject to this rule will include hay, 
grains, cubes, pelletized feeds, straw, and mulch. 

− The BLM will maintain an up-to-date record of the grizzly bear conflicts and management 
actions that occur on lands managed by the Butte Field Office. 

− The BLM will manage habitat for sensitive terrestrial and aquatic species in a manner 
consistent with current and future restoration, conservation and recovery plans, and 
conservation agreements.  Management activities will be designed and implemented 
consistent with adopted conservation strategies, including Montana's Comprehensive Fish 
and Wildlife Conservation Strategy (MFWP 2005), and current, accepted science for special 
status and priority species. 

− The BLM will emphasize actions that promote conservation of special status wildlife species 
and the ecosystems on which they depend.  BLM will also emphasize maintaining and 
supporting healthy, productive, and diverse populations and communities of native plants 
and animals (including big game species such as deer, elk, and bighorn sheep) appropriate to 
soil, climate, and landform. 
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− The BLM will maintain functional blocks of security habitat for big game species across BLM 
lands.  Where minimum-size blocks of security habitat (250 acres), as defined by Hillis et al. 
(1991), are located, they will be addressed and retained in a suitable condition throughout 
project planning and implementation.  Protection of larger blocks of security habitat will also 
be addressed during project or watershed level planning. Where security habitat is limited or 
fragmented across the landscape, the BLM will emphasize improving habitat through 
vegetation treatments and road closures (including seasonal closures) to increase security 
habitat for big game species. 

− To minimize disturbance to big game and grizzly bears, there will be no net increase in 
permanent roads built in areas where open road densities are 1 mi/mi2 or less in big game 
winter and calving ranges, and within the current distribution of grizzly bear unless this is not 
possible due to rights-of-way, leases, or permits. All practicable measures will be taken to 
assure that important habitats with low road densities remain in that condition. Open road 
densities in big game winter and calving ranges, and within the current distribution of grizzly 
bear will be reduced where they currently exceed 1 mi/mi2. 

 

Grazing: 

BLM will include a clause in all new and revised grazing permits for the area within the grizzly bear 
distribution line requiring the permittee to properly treat or dispose of livestock carcasses as deemed 
necessary on a case-by-case basis by BLM in coordination with USFWS, so as to eliminate any potential 
attractant for bears. BLM will include guidance to permittees to contact MFWP if they need carcass 
disposal assistance. 
 
 
Connectivity: 
The BLM will participate in ongoing interagency efforts to identify, map and manage linkage habitats 
essential to grizzly bear movement between ecosystems.    

The BLM will maintain suitable habitat conditions and minimize fragmentation in linkage corridors 
among habitats for priority species. 
 
The BLM will continue to manage roads on BLM lands to achieve lower road densities in grizzly bear 
habitat. 

 
Vegetation Management 

− Where grizzly bear use is known or likely to occur and where practicable, the BLM will delay 
disturbing activities during the spring in spring habitats to minimize displacement of grizzly 
bears. 

− There will be a focus on biological diversity by restoring vegetation cover types and structural 
stages that have declined substantially including dry, open forest habitats with low tree 
densities, meadow habitats, shrub and hardwood dominated riparian systems, as well as open 
grasslands and shrublands with low tree densities. 
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− As identified through project-level NEPA analyses, seasonal timing restrictions on projects that 
cause disturbance to wildlife will be applied where needed to minimize the impacts of human 
activities on important seasonal wildlife habitat including grizzly bear spring and summer range 
(4/1 to 9/1), and grizzly bear denning habitat (10/1 to 4/30).  These dates may be revised when 
new data become available. 

 
BLM will develop and implement human food storage regulations and guidelines in grizzly bear 
distribution zones in coordination with MFWP and other agencies. 
 
Human food storage regulations will be developed and implemented for all recreation sites with high 
potential and/or known encounters between people and bears. 
 
 Oil and Gas StipulationsOil and gas stipulation - Timing Limitation.  Activity is prohibited from April 1 to 
June 30 and from September 15 – October 15 in the Grizzly Bear Distribution Zone. 
 
Lewiston Field Office Resource Management Plan (Revision potentially beginning in 2013) 

Lewistown Field Office has a total of 16,000 acres within the PCA).  BLM lands within the Conservation 
Strategy Management Area within the Lewistown Field Office are managed under the 1984 Headwaters 
Resource Management Plan. The following management guidelines in the PCA would protect grizzly 
bear under this plan: 
 

1. Special guidance for oil and gas development along the Rocky 
Mountain Front – for federal mineral estate (includes both surface 
and sub-surface acres)  3,167 acres  

2. Low priority for forest management (8,361 acres)  
3. High priority for forest management (398 acres)   
4. No disposal of BLM lands (4,119 acres)   
5. Closed to motorcycles (3,131 acres) – 
6. Closed to motorized use (0 acres).   
7. Restricted motorized use (3,131 acres) – 
8. Avoidance areas for utility and transmission corridors (3,131 acres) 

 
Guidelines that could benefit the grizzly bear on all BLM Lewistown Field Office management lands in 
Zones 1 and 2 (19,000 acres) include: 
 
- Habitat improvement projects will be implemented where necessary to stabilize and/or improve 

unsatisfactory or declining wildlife habitat condition. 
- Seasonal restrictions – no activity in grizzly bear spring and summer range (4/1 through 9/1) and 

denning habitat (10/1 through 4/30) 
- To the extent practicable, management actions within occupied grizzly bear habitat will be 

consistent with the goals and objectives contained in the Grizzly Bear Recovery Plan. 
- Sufficient forage and cover will be provided for wildlife on seasonal habitat.   
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- Vegetative manipulation projects will be designed to minimize impact on wildlife habitat and to 
improve it whenever possible. 

- Montana Fish, Wildlife and Parks will be consulted in advance on all vegetative manipulation 
projects, including timber harvest activities involving: the construction of new access into roadless 
elk summer/fall ranges; critical, crucial or essential wildlife habitat and sales over 250,000 board 
feet. 

- Management actions within floodplains and wetlands will include measures to preserve, protect 
and, if necessary, restore their natural functions. 

- Management techniques will be used to minimize the degradation of streambanks and the loss of 
riparian vegetation. 

- Riparian habitat needs will be taken into consideration in developing livestock grazing systems and 
pasture designs.   

- Manage public access to maintain the habitat effectiveness of security cover and key seasonal 
habitat (such as winter range and calving/nursery areas) for elk and deer. 

- Maintain adequate untreated peripheral zones around important wet meadows, springs and 
riparian zones. 

- Discourage thinning immediately adjacent to clearcuts. 
- Use of new grizzly bear information acquired from current or future studies of the effects of oil and 

gas development on grizzly bear will be incorporated into activity decisions affecting the species 
(from FWS BO). 

 
Missoula Field Office Resource Management Plan (1986, with amendments; revision potentially 
beginning in 2014) 
 
The most recent RMP under which Missoula FO has been operation does not address grizzly 
management in the original document. In 2006, Backlog Consultation as conducted with FWS to amend 
the RMP. FWS issued a Biological Opinion with terms and conditions to address effects to grizzlies from 
livestock and roads. 

The Missoula Field Office has 129,956 acres in Zone 1 and 2 (no acres in the PCA).  BLM lands within the 
Conservation Strategy Management Area within the Missoula Field Office are managed under the 
Garnet Resource Area Resource Management Plan 1986. The following management guidelines would 
protect grizzly bear under this plan: 

Riparian Protection Zones (411 acres) - where the emphasis is on maintaining or enhancing riparian 
values while providing elements of old-growth or mature forest for wildlife habitat and providing 
opportunities for other uses.  Utility corridors will not be permitted.  Timber management activities will 
be prohibited. These lands will remain in public ownership. 
 
Elk Summer and Fall Habitat Components (9,605 acres) - where the emphasis is on maintaining or 
improving elk summer and fall habitat components and other wildlife habitat values while managing 
timber and providing for other uses.  A broad range of timber management activities will be allowed but 
will be designed to maintain or improve elk summer and fall habitat components and will include special 
measures to protect riparian values.  These lands will remain in public ownership. 
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Big Game Summer and Fall Range (43,374 acres) -  where the emphasis will be on balancing forage and 
cover requirements for big game on summer and fall ranges while managing timber and providing for 
other uses. Timber management will be designed to maintain or improve big game summer and fall 
habitat, particularly cover and forage relationships, and include special measures to protect riparian 
values. 
 
Big Game Winter Range (14,494 acres) – where the emphasis will be on enhancing forage production 
and cover for big game on winter ranges while managing timber and providing for other uses.  Timber 
management will be designed to maintain or improve big game winter range, particularly cover and 
forage relationships, and include special measures to protect riparian values. 
 
Management activities in riparian zones generally will be designed to maintain or, where possible, 
improve riparian habitat condition. Roads and utility corridors will avoid riparian zones to the extent 
practicable. Prescribed fire will not be used within 75 feet of stream channels. 
 
Corrective measures will be applied where unsatisfactory watershed conditions are identified. Such 
measures may be implemented through project-level plans (watershed, habitat, allotment, or 
compartment management plans); such measures may also be implemented through stipulations 
attached to permits, leases, and other authorizations. 
 
All oil and gas leases will be issued with standard stipulations attached. Special stipulations will be 
attached where needed to protect seasonal wildlife habitat and/or other sensitive resource values. In 
highly sensitive areas, where special stipulations are not sufficient to protect important surface values, 
stipulations prohibiting surface occupancy will be attached. 
 
Habitat improvement and maintenance projects will be implemented where needed to stabilize or 
improve habitat conditions. These projects will be identified through coordinated resource activity 
plans. 
 
Road and area closures will be pursued for wildlife security and other resource values. Wildlife habitat 
goals and objectives will be included in all resource activity plans and projects that could affect wildlife 
habitat. 
 
The Montana Department of Fish, Wildlife, and Parks (MFWP) will be consulted prior to vegetative 
manipulation projects in accordance with Supplement #1of the Master Memorandum of Understanding, 
1977. In addition, MFWP will be consulted on timber harvest and timber stand improvement projects 
 
Management actions within floodplains and wetlands will include measures to preserve, protect, and if 
necessary, restore their natural functions, 
 
Food Storage stipulations under Special Recreation Permits – Food/attractant storage stipulations for 
conservation of the grizzly bear and other wildlife – Human, pet and livestock food (except baled or 
cubed hay without additives), and garbage will be attended or stored in an approved bear-resistant 
manner (a) during daytime hours, at least one adult person must be physically present within 100’ of 
attractants.  During nighttime hours, all attractants shall be stored in a bear-resistant manner and (b) 
Food, garbage and other attractants will be stored using an approved storage technique when camp is 
unattended.   Attractants will not be buried, discarded or burned in an open campfire.  Leftover food, 
food waste or other attractants may be placed in an appropriate, sealed container and packed out with 
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garbage or could be burned in a contained stove.  Wildlife carcasses, birds, fish or other animal parts 
that are within ½ mile of any camp or sleep area will be stored in a bear-resistant manner during 
nighttime hours.   
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Appendix 12 
Summary of Protective Measures in the DNRC Habitat Conservation Plan Outside 

of the PCA 
 
The full document is available online at:  http://dnrc.mt.gov/HCP/FinalEIS.asp  
 
On all HCP lands (referred to as PR lands in the HCP) (574,370 acres; 2,324 sq km), the DNRC 
commits to: 

- minimizing construction of new open roads in riparian areas, wetlands, and avalanche 
chutes. (p. 2-6); 

- providing I&E brochures about living and working in bear habitat to all contractors and 
employees; 

- providing bear encounter avoidance training to DNRC personnel every 5 years; 
- prohibiting DNRC employees and contractors from carrying firearms while on duty 
- requiring all DNRC employees and contractors store food, garbage, and other 

attractants properly; 
- suspending any motorized forest management activity within 0.6 miles of an active den 

site until May 31 or earlier if DNRC confirms the bear has left the den site vicinity; 
- retaining visual cover for grizzly bears in riparian and wetland areas by maintaining a 50 

foot no-harvest buffer for Class 1 streams and lakes; 
- managing and preventing noxious weeds at gravel pit sites; 
- minimizing helicopter operations requiring flights lower than 500m in seasonally 

important grizzly habitat by designing flight paths at least 1 mile from such areas, where 
practicable. 

 
On non-recovery occupied habitat and lands in the PCA (NR lands and RZ lands) (220,718 
acres; 893 sq km), the DNRC commits to: 
The DNRC will manage their forested lands within Zone 1 and the Recovery Zone by their final 
Habitat Conservation Plan (HCP).  This HCP applies to approximately 126,285 acres (511 sq km) 
outside the PCA in occupied habitat (called “Non Recovery Zone Occupied Habitat” in the HCP).  
On these lands and lands within the PCA, DNRC has agreed to implement the following 
protective measures for the 50-year term of the HCP: 

The DNRC will manage their forested lands within Zone 1 by their final Habitat Conservation 
Plan (HCP).  This HCP applies to approximately 126,285 acres (511 sq km) outside the PCA in 
occupied habitat (called “Non Recovery Zone Occupied Habitat” in the HCP).  On these lands, 
DNRC has agreed to implement the following protective measures for the 50-year term of the 
HCP: 
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- minimizing the construction of new open roads; 
- prohibiting commercial forest management activities during the spring period (Apr. 1-

June 15) in spring habitat, as defined in the HCP; 
- prohibiting pre-commercial thinning and heavy equipment slash treatments during the 

spring period in spring habitat;  
- minimizing motorized activities on restricted roads during the spring period associated 

with low-intensity forest management; 
- discouraging new domestic sheep grazing allotments; 
- submitting a mitigation plan to the USFWS 30 days prior to a decision about the use of 

small livestock to manage weeds; 
- minimizing helicopter operations requiring flights lower than 500m in seasonally 

important grizzly habitat by designing flight paths at least 1 mile from such areas, where 
practicable; 

- discouraging the granting of future easements that relinquish DNRC control of roads, 
except for reciprocal access agreements, cost share agreements, and other federal road 
agreements; 

- ensuring that vegetation or topographic breaks be no greater than 600 feet in at least 1 
direction from any point in the unit for new clear cut and seed tree cutting units (except 
for when this is impractical due to steep open faces, broadcast burning as a post-harvest 
treatment, or where insects, disease, prescribed fire, or wildfire have hampered 
retention of live vegetation); 

- submitting a mitigation plan to the FWS 30 days prior to a decision about the use of 
small livestock to manage weeds; 

- limiting the number of active gravel pits in occupied habitat outside the recovery zone 
to 3 per administrative unit, with no more than 2 of these being large pits 

− Retention of visual cover for grizzly bears in riparian and wetland areas by maintaining a 
50 foot no-harvest buffer and restrictions on cover removal within defined riparian 
management zones.  

 
On DNRC lands in the PCA (RZ lands) (147,843 acres; 598 sq km), the DNRC commits to 
applying these additional protective measures within the PCA for the 50-year term of the HCP: 
 
 Development of site-specific mitigation measures to minimize the impacts to important 
 grizzly bear habitat elements (berry fields, avalanche chutes, riparian areas, wetlands, 
 WBP stands, and feeding/congregation areas); 
 

− Retention of up to 100 feet of vegetation between open roads and clearcut or seed tree 
harvest units; 

− Examine and repair all primary road closure devices annually; 
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− Prohibit authorization of any new grazing licenses for sheep and other small livestock 
(smaller than a cow); 

− Will not initiate any new grazing licenses in this zone.  Public generated proposals could 
be considered; 

− Carefully review and incorporate mitigations to the extent possible to minimize adverse 
impacts associated with granting access easements to private entities across DNRC 
lands; 

− Prohibit motorized activities above 6,300 feet elevation from April 1 through May 31;  
− Require access restrictions that are a part of the Stillwater Block and Swan River State 

Forest that cap open and restricted road amounts; 
− Require 4-year commercial activity with 8 year rest restrictions on blocked and 

scattered lands; 
− No net increase in open roads on scattered lands at the administrative unit level; 
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Appendix 13 
Detailed Summary of DNRC Habitat Management Developed for Grizzly Bears in 

the PCA, Zone 1, and Zone 2 
 

Introduction 

The Trust Land Management Division (TLMD) of DNRC manages state trust lands to generate revenue 
for the maintenance and support of public state schools and institutions.  Management actions on 
state trust lands are carried out under the direction of the Montana Board of Land Commissioners, 
which consists of Montana's top five elected officials:  the Governor, Attorney General, 
Superintendent of Public Instruction, Commissioner of Securities and Insurance, and the Secretary of 
State.  In cooperation with the Montana Board of Land Commissioners, DNRC’s obligation for 
management of trust lands is to obtain the greatest benefit for the beneficiaries.  Within the TLMD, 
there are four bureaus:  1) the Agriculture and Grazing Management Bureau; 2) the Forest 
Management Bureau; 3) the Minerals Management Bureau (includes mining and oil and gas 
development); and 4) the Real Estate Management Bureau.  Within the entirety of the NCDE grizzly 
bear Delisting Area, DNRC manages approximately 574,370 acres of state trust lands.  Of these acres, 
approximately 204,060 occur within the PCA.  The following draft measures would be intended to 
apply to one or more of the four management areas identified in this Conservation Strategy:  the 
Primary Conservation Area (PCA) (existing recovery zone), Management Zone 1, Management Zone 2, 
and Management Zone 3.  

 

DNRC NCDE GRIZZLY BEAR CONSERVATION MEASURES 

PROGRAMS -- ALL [Real Estate, Ag and Grazing, Minerals Management, Forest 
Management] 

1)  DNRC shall consider grizzly bears as a sensitive species in Montana during planning and 
environmental review on all TLMD projects for the term of this Conservation Strategy. [applicable to 
all lands covered by this Conservation Strategy] 

2)  For the term of this agreement, DNRC trust lands staff, while also considering Trust obligations, 
shall cooperate with Montana FWP bear management specialists to eliminate or minimize to the 
extent possible, any associated risks to bears associated with trust lands projects, leases, or 
agreements that may adversely affect grizzly bears. [applicable to all lands included in this 
Conservation Strategy] 

3)  For the term of this Conservation Strategy, for all TLMD projects and developments having 
potential to influence grizzly bears or their habitat, DNRC shall incorporate mitigations to minimize 
impacts to the extent possible, while also considering Trust obligations. [applicable to all lands 
included in this Conservation Strategy] 

4)  For the term of this Conservation Strategy, for all TLMD projects and developments on State Trust 
Lands within the PCA, Zone 1, and Zone 2, DNRC will incorporate mitigations into lease, license, and 
operating plan agreements (as applicable), to minimize adverse impacts to grizzly bears at a level 
commensurate with the level of intensity, risk, scope, and duration of effects likely to occur as a result 
of implementing the project or activity.  When risk of bear impacts is deemed present, mitigations 
shall at a minimum consider proper storage of bear attractants (food, garbage, pet foods, livestock 
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carcasses, game carcasses etc.  Attachment 1 below), vegetation/cover alteration, seasonal use of 
important habitats (particularly riparian), firearms restrictions, information/education and avoidance 
of bear-human encounters, minimization of new motorized access routes, and minimization of 
disturbance during spring and fall periods. DNRC employees and contractors and their employees are 
prohibited from carrying firearms while on duty, unless the person is specifically authorized to carry a 
firearm under DNRC policy 3-0621 (grazing licensees and lessees excluded). 

5)  Inside the PCA, Zone 1, and Zone 2, all TLMD lease and license agreements that permit uses and/or 
activities that may involve the use or presence of bear attractants (eg. leases/licenses for cabin and 
home sites, grazing, outfitting, group use licenses for camping, picnicking etc.) shall contain applicable 
clauses requiring unnatural bear foods and attractants to be contained and/or managed in a bear-
resistant manner. 

 

PROGRAM -- FOREST MANAGEMENT 

HCP and Non-HCP Lands [Portions of the PCA, Zone 1, and Zone 2] 

6)  As the primary component of a conservation strategy for grizzly bears on state trust lands 
associated with the NCDE and elsewhere in western Montana, DNRC would rely primarily on 
successful implementation of its Habitat Conservation Plan (HCP) for forest management activities, in 
cooperation with the USFWS.  The HCP provides protective measures regarding forest management 
for grizzly bears across approximately 548,500 acres in western Montana. Within the PCA, Zone 1, and 
Zone 2, the HCP would require the implementation of agreed-to conservation measures on 
approximately 257,800 acres, of which 147,200 occur within the PCA.  The plan contains measures 
that include: requiring restriction of open road density, requiring food storage protections that apply 
to employees and contractors, providing security during important seasons, restricting use of firearms, 
providing cover, protecting important areas for feeding and denning, and monitoring.  The term of the 
HCP and associated Incidental Take Permit is 50 years.  

7)  Within the PCA, Zone 1, and Zone 2, on all non-HCP Trust lands where forest management 
activities would occur, grizzly bears would be considered a sensitive species and administrative rules 
for forest management activities would be in place that would provide protective measures 
addressing: storage of unnatural foods and attractants, firearms possession, cover retention 
(particularly along riparian areas), duration of activities, seasonal restrictions, protection of important 
feeding areas, and minimization of roads. 

 

PROGRAM -- AG AND GRAZING 

8)  Within the PCA, Zone 1, and Zone 2, all grazing leases and licenses issued within these geographic 
areas would require the following language: 

a. Re-locate livestock carcasses in areas with high risk of bringing grizzlies into conflict with 
humans within 24 hours of discovery to minimize risk of human/bear conflicts.  Lessee shall 
cooperate with DNRC managers and FWP bear management specialists as necessary to address 
prompt removal of problem livestock carcasses. 

b. Established bone yards that would promote habituation and frequent use by grizzly bears are 
prohibited. 
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9)  Within the PCA (Recovery Zone) for the term of this Conservation Strategy, DNRC will prohibit 
authorization of any new small livestock (smaller than a cow) grazing leases, including those for the 
purposes of weed control, and will also not convert existing licenses to allow the grazing of small 
livestock. 
 
10)  For the term of this Conservation Strategy, within Zone 1, grazing of domestic sheep would be 
discouraged on DNRC lands to minimize risk to grizzly bears.  DNRC may authorize grazing of small 
livestock (including use for weed control) following development and implementation of a 
management plan incorporating measures effective for minimizing risks to grizzly bears.  Mitigation 
measures in the plan may include, but are not limited to, requirement of a full-time shepherd, guard 
dogs, nighttime electric pens, prohibition of grazing in spring habitat during spring periods etc.  When 
grazing small livestock in this zone, the lessee shall assume any cost of losses associated with grizzly 
bears and the bear will typically not be removed unless management authorities judge that the 
particular circumstances warrant removal and document those circumstances (e.g., the behavior 
resulted in a human fatality, the bear had a prior conflict history, etc). 
 

11)  To limit attractants associated with dispersed recreation on state trust lands within the PCA, Zone 
1, and Zone 2, DNRC shall maintain its existing pack-it-in/pack-it-out policy for litter control, limit 
camping to 2 days on leased or licensed lands in areas not designated as campgrounds, and prohibit 
campfires on leased and licensed lands ARM 36.25.149.  Camping shall be restricted in designated 
campgrounds to 14 consecutive days, and it shall be restricted on unleased or unlicensed lands 
outside a campground to 14 days per calendar year, unless permission for a longer period is obtained 
from the department ARM 36.25.149.  DNRC lands managed as a part of block management areas and 
wildlife management areas in cooperation with MFWP, will adhere to regulations agreed to by both 
agencies specific to each block management area (ARM 36.25.149(i), ARM 36.25.163). 

 

12)  For the term of this Conservation Strategy, DNRC will make information/education materials 
available at all applicable field offices, emphasizing effective storage of foods and other grizzly bear 
attractants. 

13)  For the term of this Conservation Strategy, where DNRC lands exist within Wildlife Management 
Areas (WMA) and Block Management Areas managed by Montana Fish, Wildlife and Parks, food 
storage policies applicable to the WMA and BMAs as appropriate shall apply and be enforced. 

14)  For the term of this Conservation Strategy, DNRC will cooperate with other entities and agencies 
as opportunities arise to enact and enforce food storage measures in high use recreation areas, 
trailheads etc. to minimize risks to grizzly bears. 

 

PROGRAM -- REAL ESTATE MANAGEMENT   [Includes cabin/home sites, other 
developments, wind generation facilities, outfitting, camping, and other special use licenses 
etc.] 

[Measures 1 through 4 above would also apply.] 

15)  Within the PCA, Zone 1, and Zone 2, for the term of this Conservation Strategy on cabin sites 
leased by DNRC, containment of garbage, proper sewage disposal, prohibition of livestock and 
prohibition of the use of firearms would be enforced through DNRC's existing "Rules and Regulations –
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[for] DNRC Cabin sites," and "Terms and Conditions –DNRC Residential Lease Lots" and renewal 
inspections. 

16)  Within the PCA, Zone 1, and Zone 2, in areas where land uses are non-compatible with grizzly 
bear conservation goals DNRC will, to the extent practicable in its sole discretion, cooperate with 
other entities to enact land transactions (eg. land sales, conservation easements, land exchanges etc.) 
that facilitate conservation of grizzly bears. 

 

 PROGRAM -- MINERALS MANAGEMENT [Includes oil and gas, coal, gravel, metalliferous 
and non-metalliferous leases]  

 

 Seismic Exploration 

17)  For the term of this Conservation Strategy, within the PCA and Zone 1 (Rocky Mountain Front 
Portion), the following measures would be incorporated as applicable into stipulations developed to 
mitigate impacts to grizzly bears.  

a. Limit the window of operation to the extent possible to avoid the spring period from April 1 
to June 30, and fall period September 15 to November 30. 

b. To minimize disturbance to grizzly bears, limit the duration of activities to the extent 
possible. 

c. Prohibit activities within 0.25 miles of riparian areas and prohibit ground crews from 
entering such areas. 

d. To minimize the spatial extent of displacement, to the extent practicable, conduct activities 
in a sequential (localized) versus a concurrent, dispersed manner where activities would be 
occurring at different locations at the same time. 

e. To minimize disturbance and displacement of bears, prohibit aerial flight routes within 0.25 
miles of dense shrublands, wooded areas and riparian areas. 

f. For human safety, train staff conducting ground activities on working safely in bear habitat 
and the effective use of bear spray and require crews to carry bear spray. 

g. Bear attractants (including food and garbage) must be stored in a bear-resistant manner at 
all times when unattended. On-site camping is prohibited. No vehicle oil changes or 
petroleum disposal shall occur on the state land. 

h. To avoid risk of human/bear encounters in known high use bear areas, nighttime foot travel 
away from vehicles is prohibited. 

i. To minimize potential for disturbance and adverse impacts to important bear foods and 
feeding areas, all use of vehicles, ATVs and ground crews are not authorized within 100 feet 
of wetlands and other riparian areas on or adjacent to state lands. 

 
 Oil and Gas Exploration and Development  
 
18)  Oil and Gas exploration, development and reclamation activities on state lands are under the 
regulatory authority of the Montana Board of Oil and Gas Conservation.  Measures, mitigations, and 
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reviews will recognize this regulatory permitting process and authority, and may not conflict with 
regulatory requirements.  Where appropriate, the department may participate in or rely on MEPA 
analysis prepared by applicable regulatory agencies.  Any action by the DNRC is contingent upon a 
determination by the regulatory oil & gas permitting agency that the proposed action creates a 
significant impact on grizzly bears or habitat within the NCDE area.  The DNRC will implement mitigation 
measures consistent with the requirements of the permitting agency. 
 
State trust lands within the PCA and Zone 1, shall be considered as Sensitive Areas and the DNRC 
Montana Oil and Gas Stipulations (December 2009) shall apply.  The density of appreciable surface 
operations shall be limited to the extent practicable, while allowing for prudent development of the 
resource and protection from drainage by adjacent operations.  Density of surface operations shall be 
addressed through implementation of these stipulations following appropriate MEPA environmental 
review and development of approved operating plans that minimize impacts on grizzly bears.  Measures 
as described in the “Interagency Rocky Mountain Front, Wildlife Monitoring/Evaluation Program, 
Management Guidelines for Selected Species” (September 1987) shall be incorporated into operating 
plans prior to their approval, as specified by the DNRC Montana Oil and Gas Stipulations (December 
2009) [Attachment 2]. 
 
 Mineral Mining 
 
Within the PCA and Zone 1, mortality risk to grizzly bears from mineral development on DNRC lands will 
be largely mitigated through project specific mitigation measures.  The purpose of these guidelines is to 
avoid, minimize and mitigate environmental impacts to grizzly bears and their habitat from mining 
activities occurring on State lands.  The guidelines would be applied during review and approval of a 
site-specific plan of operations.  Operating procedures, reclamation plans, or other mitigating measures 
would be incorporated into the Operating Plan, or could become agency-imposed operating conditions, 
provided such measures were consistent with applicable mining laws.  All exploration, development 
production, mitigation measures, reclamation, and closure activities for locatable minerals on Federal, 
State and private lands are under the regulatory permitting authority of the Montana Department of 
Environmental Quality (DEQ).   DNRC works cooperatively with the DEQ in the administration and 
management of mining operations.  Mitigation measures may not conflict with the regulatory permitting 
authority of the DEQ.  Any action by the DNRC is contingent upon a determination by DEQ [the 
permitting agency] that the proposed action creates a significant impact on grizzly bears or habitat 
within the PCA and/or Zone 1.  The DNRC will implement mitigation measures consistent with the 
requirements of the permitting agency.  The following measures would apply to all new hardrock mining 
Plans of Operation on lands managed by the DNRC in both the PCA and Zone 1. 
   

Project Evaluation 
 
The potential effects to grizzly bears and bear habitat, and the necessary mitigation measures will be 
determined at the project level by the authorizing or permitting agency through project review, an 
Environmental Assessment or Environmental Impact Statement.  For projects with the potential to 
significantly, negatively affect grizzly bears or their habitat, operating plans, notices and permits will 
include a mitigation plan with measures to protect grizzly bears and minimize detrimental impacts to 
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them during and after operations.  Operators are required to comply with the mitigation plan through 
the agency’s approval of the Operating Plan.  

Operating plans and notices will include specific measures to reasonably mitigate potential impacts to 
grizzly bears or their habitat from the following activities: 

• Land surface and vegetation disturbance, 
• Water table alterations,  
• Construction, operation, and reclamation of mine-related facilities such as impoundments, 

rights of way, roads, pipelines, canals, transmission lines or other structures, 
• Food storage and sanitation. 

 

Performance of operating and reclamation measures, and site-specific mitigation measures used to 
protect grizzly bears or bear habitat will be enforced through the respective DEQ and Federal surface 
management regulations.  Operators who fail to comply with mitigation measures for grizzly bear 
protection in the DEQ approved operating plan will be subject to a noncompliance order or notice issued 
by the DEQ.  Non-compliance orders specify the noncompliance and what is needed for the operator to 
come into compliance.  The financial assurance (bond) for reclamation performance will be calculated 
and managed by the agencies.  Bonding may include the cost of implementing the reclamation measures 
required to mitigate impacts to grizzly bears and bear habitat.  The financial assurance instrument for 
reclamation performance will be held by the Montana DEQ for mining operations on private lands.   

For operations where it is determined there is potential for significant impacts (“significance” as 
determined through environmental review and permitting) to the grizzly bear population or its habitat, a 
monitoring plan will be developed by the operator with approval by the DEQ, and in close coordination 
with MFWP for the life of the project.  The monitoring plan will outline how changes in habitat and 
disturbance to bears will be measured (and include monitoring of reclamation measures).  The plan will 
identify trigger levels or criteria for habitat parameters to determine if direct research of local grizzly 
bears (i.e., capturing and radio-collaring bears) is warranted and to what extent monitoring should be 
conducted.   

Food and Attractants  
 

For projects with the potential to significantly affect grizzly bears or their habitat, mitigations plans will 
include food storage/handling and garbage disposal measures and will incorporate any existing food 
storage measures for human occupancy.  Mitigation plans for grizzly bears will include the following 
measures regarding food and attractants: 

• Bear proof containers will be used and garbage will be removed in a timely manner at mine 
facilities. 

• Road kills will be removed daily to a designated location determined in close coordination with 
MFWP.  
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• The use of clover will be discouraged as part of any reclamation seed mixes used during mine 
construction, operation, or when reclamation activities are concurrent with operations.  Native 
seed mixes will be promoted and used whenever practicable. 

• No feeding of any wildlife will be allowed.  

 

Implementation of the Food and Attractants measures is the sole responsibility of the operator.  
Compliance with these requirements will be evaluated during site inspections conducted by the 
authorizing agencies.  The number and type of inspections as well as the mechanism for inspections will 
be identified through the planning process (MEPA or NEPA).  Failure to comply with the measures will 
subject the operator to a noncompliance process as noted above. 

Motorized Access 

For projects with the potential to significantly affect grizzly bears or their habitat, mitigation plans will 
include the following measures regarding motorized access: 

• New roads constructed for mineral exploration and/or development will be single-purpose 
roads only and will be closed to public use not associated with mineral activities.   

• A traffic management plan will be developed as part of any proposed activity to identify when 
and how mine roads will be used, maintained, and monitored, if required, and how roads will be 
closed after mineral activities have ended.   

• On State lands only, roads constructed for mineral operations may be retained by the land 
management agency for use associated with other concurrent or future activities (such as 
timber sales or rights-of-ways).  However, impacts associated with all uses of the road(s) must 
be analyzed in a MEPA environmental review, and impacts to grizzly bears minimized to the 
extent practicable. 

 

Habitat 

For projects with the potential to significantly affect grizzly bears or their habitat, mitigation plans will 
include the following measures regarding habitat: 

• Mineral exploration and/or development activities will occur at a time or season when the area 
is of little or no biological importance to grizzlies. If timing restrictions are not practicable, 
reasonable and appropriate measures will be taken to mitigate negative impacts of mineral 
activity to the bear.   

• Reasonable and appropriate measures regarding the maintenance, rehabilitation, restoration or 
mitigation of functioning aquatic systems and riparian zones will be implemented.  State 
regulatory permits may include reasonable and appropriate measures as part of a riparian 
reclamation plan identifying how reclamation will occur, vegetation species used in reclamation, 
a timeframe of when reclamation will be completed, and monitoring criteria.  
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• Reclamation and revegetation of roads, drilling pads, and other areas disturbed from mineral 
exploration and development activities will be completed as soon as practicable by the 
operator.   

• For new projects in the PCA with the potential to significantly affect grizzly bears or their 
habitat, DNRC will work cooperatively with DEQ, lessees and operators to minimize adverse 
impacts.  The level of mitigation required for individual projects would be commensurate with 
the degree and duration of impacts to affected lands.  DNRC would be responsible only for 
ensuring mitigation of impacts associated with their lands.  To minimize potentially significant 
impacts to grizzly bears the following measures would be considered and implemented to the 
extent reasonable and practicable as determined by DNRC. 

• In the first order of preference, operators shall be required to reclaim the affected area back to 
suitable bear habitat that has similar or improved characteristics and qualities as the original 
habitat (such as the same native vegetation). 

• If reclamation efforts alone are deemed inadequate or inappropriate by DNRC for mitigating 
impacts to grizzly bears, the following measures may be considered and applied. 

•  Operators and/or lessees as applicable may either acquire a perpetual conservation easements 
or purchase fee title comparable or better replacement grizzly bear habitat in the PCA to 
mitigate adverse impacts. A purchase rate of >1:1 on an acreage basis would be considered for 
acquiring habitat, depending on the quality of habitat degraded and the habitat available for 
acquisition.  Acquisition of habitat in distant areas of the PCA associated with identified linkage 
corridors could also be considered for mitigation, and maybe desirable.  Prior to any purchase, 
MFWP will be given at least 30 days to provide input to DNRC on the quality and suitability of 
the lands proposed as mitigation.  DNRC will have final approval as to the adequacy and 
suitability of proposed mitigations.  Easements/deeds would be transferred to a Federal or State 
agency, or private conservation organization to ensure the long-term integrity of the habitat as 
deemed appropriate by DNRC. 

• Other feasible measures to offset adverse impacts to grizzly bears could include (but would not 
be  limited to) radio telemetry monitoring of grizzly bear movements in an affected area in 
coordination with MFWP, or other more intensive grizzly bear research efforts conducted with 
MFWP involvement.  Other feasible measures could include providing regional funding to help 
support the acquisition and distribution of bear-resistant waste containers, electric fencing 
materials, information/education outreach efforts regarding living safely in bear habitat, and/or 
funding a bear management specialist or enforcement officer. 

Human Conflict 

For projects with the potential to significantly affect grizzly bears or their habitat, the Operating Plan will 
include the following mitigation measures regarding human conflict: 

• Firearms will be prohibited on site during operations except for security personnel and other 
designated persons.  Carrying of bear spray will be recommended to the operator.   
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• The operator should require employees to attend training related to living near and working in 
grizzly bear habitat prior to starting work and on an annual basis thereafter. 

[ATTACHMENT 1] 
Example Recommended Language to Address Food Storage Requirements in the PCA, Zone 1, and 

Zone 2. 

List of measures that would be included in new or existing licenses/leases on renewal to address food 
storage risks to grizzly bears (adapted from the Draft FWP measures for WMAs dated Feb. 2011).  

 

1. Human, pet and livestock food (except baled or cubed hay without additives), garbage, and all 
other attractants shall be stored in an approved bear resistant manner or container when camp 
is unattended. (see definition of attended below) or during nighttime hours.   

2. Wildlife carcasses, birds, fish or other animal parts that are within 1/2-mile of any camp or 
sleeping area shall be stored in an approved bear-resistant manner or container during when 
unattended.  If a wildlife carcass is within an attended camp during daytime hours it may be on 
the ground.  In areas where upright supports such as poles or trees are not present, carcasses 
shall be removed as soon as prudently possible to minimize the potential for attracting grizzly 
bears into camp areas. 

3. Attractants (such as food leftovers or bacon grease) shall not be buried, discarded, or burned in 
an open campfire. 

a. Leftover food or food waste products shall be placed in an appropriate, sealed container 
and packed out with garbage. 

b.  Leftover food or other attractants may be burned in a contained stove fire. 

c. Attractants may be placed into a suitable container (i.e. tin can) to prevent leaching into 
the ground and burned over an open campfire.  Any remaining attractants unconsumed 
by burning shall be packed out. 

4. The responsible party shall report the death and location of any livestock to a DNRC employee 
within 24 hours of discovery. 

5. Approved bear-resistant containers for use in grizzly country meet the following criteria:  A 
securable container constructed of solid material capable of withstanding 200 foot-
pounds of energy applied by direct impact. The container, when secured and under 
stress, will not have any openings greater than one-quarter (1/4) inch, that would allow 
a bear to gain entry by biting or pulling with its claws. 

6. Bear-resistant manner means any attractants, including food and garbage, must be 
stored in one of the following ways if unattended:  

a. Secured in a hard-sided camper or vehicle trunk or cab or trailer cab. 

b. Secured in a hard-sided dwelling or storage building. 

c. Suspended at least 10 feet up (from the bottom of the suspended item) and 4 feet out 
from any upright support, i.e. tree, pole. 

d. Stored in an agency approved bear-resistant container. 
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e. Stored within an approved and operating electric fence. 

f. Stored in any combination of these methods. 

 

[ATTACHMENT 2] 
DNRC MONTANA OIL AND GAS STIPULATIONS  (December 2009) 

These stipulations may be used on MT oil and gas leases, in the Special Provisions Section (36), 
“Exhibit A” depending on the specific circumstances for the tract being leased. 

 

Sensitive Areas 

 

F-1. This lease includes areas that may be environmentally sensitive.  Therefore, if the lessee intends 
to conduct any activities on the lease premises, the lessee shall submit to TLMD one copy of an 
Operating Plan or Amendment to an existing Operating Plan, describing in detail the proposed 
activities.  No activities shall occur on the tract until the Operating Plan or Amendments have 
been approved in writing by the Director of the Department.  TLMD shall review the Operating 
Plan or Amendment and notify the lessee if the Plan or Amendment is approved or disapproved. 

 

After an opportunity for an informal hearing with the lessee, surface activity may be denied or 
restricted on all or portions of any tract if the Director determines in writing that the proposed 
surface activity will be detrimental to trust resources and therefore not in the best interests of 
the trust. 

 

F-2. This lease is located near the Rocky Mountain Front and includes areas that are environmentally 
sensitive.  Therefore, except as otherwise provided below, the lessee shall not conduct any 
surface operations on the lease premises.  If the lessee determines that surface operation on 
the lease premises may be required, the lessee shall submit a proposed Operating Plan or 
Amendment to an existing Operating Plan to the State Board of Land Commissioners describing 
in detail the proposed operations.  No surface activities shall occur on the lease premises unless 
and until the Operating Plan or Amendment is approved by the Board.  In determining whether 
to approve the proposed Operating Plan or Amendment, the following provisions shall apply: 

 

1) If the lessee proposes an activity that does not entail any significant surface disturbance, the 
Board may approve the same after completion of the appropriate environmental review in 
accordance with the Montana Environmental Policy Act (MEPA) and an opportunity for public 
comment on the proposed activity has been provided. 

 

2) Before the Board approves any proposed activity on the lease premises that entails a significant 
surface disturbance, an environmental impact statement (EIS) shall be completed in accordance 
with MEPA.  The EIS shall analyze the potential impacts of alternative and future potential levels 
of oil and gas development and extraction on an ecosystem scale as the ecosystem is defined by 
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the “Limits of Acceptable Change--Bob Marshall Wilderness Complex” adopted by the Montana 
Department of Fish, Wildlife & Parks in December 1991.  The analysis shall consider all relevant 
information, which may include, but is not limited to, existing environmental reviews and 
management plans.  Public involvement in the environmental review process shall be actively 
solicited by the preparer of the environmental review document and shall include, at minimum, 
adequately noticed public meetings in at least three communities including Great Falls and 
Helena. 

 

3) The proposed surface activity shall adhere to the “Interagency Rocky Mountain Front, Wildlife 
Monitoring/Evaluation Program, Management Guidelines for Selected Species” adopted by the 
Montana Department of Fish, Wildlife & Parks in September 1987, or any successor guidelines 
thereto. 

4) The Board may refuse to approve any proposed surface operations if it determines that they do 
not constitute the best use of trust resources or are not in the best interest of the State of 
Montana. 

 

F-3. This lease is located within or adjacent to the Sleeping Giant and Sheep Creek Wilderness Study 
Area, the Beartooth State Wildlife Management Area, and/or the Gates of the Mountains 
Wilderness and includes areas that are environmentally sensitive.  Therefore, except as 
otherwise provided below, the lessee shall not conduct any surface operations on the lease 
premises.  If the lessee determines that surface operation on the lease premises may be 
required, the lessee shall submit a proposed Operating Plan or Amendment to an existing 
Operating Plan to the State Board of Land Commissioners describing in detail the proposed 
operations.  No surface activities shall occur on the lease premises unless and until the 
Operating Plan or Amendment is approved by the Board.  In determining whether to approve 
the proposed Operating Plan or Amendment, the following provisions shall apply: 

 

1) If the lessee proposes an activity that does not entail any significant surface disturbance, the 
Board may approve the same after completion of the appropriate environmental review in 
accordance with the Montana Environmental Policy Act (MEPA) and an opportunity for public 
comment on the proposed activity has been provided. 

 

2) Before the Board approves any proposed activity on the lease premises that entails a significant 
surface disturbance, an environmental impact statement (EIS) shall be completed in accordance 
with MEPA.  The EIS shall analyze the potential impacts of alternative and future potential levels 
of oil and gas development and extraction on an ecosystem scale.  The analysis shall consider all 
relevant information, which may include, but is not limited to, existing environmental reviews 
and management plans.  Public involvement in the environmental review process shall be 
actively solicited by the preparer of the environmental review document and shall include, at 
minimum, adequately noticed public meetings in at least two communities including Great Falls 
and Helena. 
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3) The Board may refuse to approve any proposed surface operations if it determines that they do 
not constitute the best use of trust resources or are not in the best interest of the State of 
Montana. 

 

F-4. This lease is located within the Rocky Mountain Front area established under federal legislation 
removing mineral leasing and development on federal fee title lands, and federal minerals and 
has been identified as environmentally sensitive. The Rocky Mountain Front area is a crucial fish 
or wildlife area or corridor; has FWP owned surface rights; has an existing or is in the process of 
having conservation easements established and has important recreational value to the citizens 
of Montana. Therefore, except as otherwise provided below, the lessee shall not conduct any 
surface operations on the lease premises. If the lessee determines that surface operation on the 
lease premises may be required, the lessee shall submit a proposed Operating Plan or 
Amendment to an existing Operating Plan to the State Board of Land Commissioners and notify 
the Director of Fish, Wildlife and Parks describing in detail the proposed operations. No surface 
activities shall occur on the lease premises unless and until the Operating Plan or Amendment is 
approved by the Board. In determining whether to approve the proposed Operating Plan or 
Amendment, the following provisions shall apply: 

 

1) If the lessee proposes an activity that does not entail any significant surface disturbance (not in 
excess of 1 well pad/640 acres), the Board may approve the same after completion of the 
appropriate environmental review in accordance with the Montana Environmental Policy Act 
(MEPA). As part of the MEPA process, DNRC will provide for an on the ground consultation with 
FWP, and an opportunity for public comment on the proposed activity.  Public involvement in 
the environmental review process shall be actively solicited by the preparer of the 
environmental review document and shall include, at minimum, adequately noticed public 
meetings in three major daily publications including Missoula, Great Falls and Helena; legal 
notices to those non-daily papers in the affected counties, and detailed notification of 
landowners who own the surface rights, or directly adjacent rights, who would be impacted by 
development. 

 

2) Before the Board approves any proposed activity on the lease premises that entails a significant 
surface disturbance (in excess of 1 well pad/640 acres), an environmental impact statement 
(EIS) shall be completed in accordance with MEPA. The EIS shall analyze the potential impacts of 
alternative and future potential levels of oil and gas development and extraction on an 
ecosystem scale as the ecosystem is defined by the "Limits of Acceptable Change - Bob Marshall 
Wilderness Complex" adopted by the Montana Department of Fish, Wildlife and Parks in 
December 1991, and any successor thereto. The analysis shall consider all relevant information, 
which may include, but is not limited to, existing environmental reviews and management plans, 
and new data concerning climate change, private lands conservation efforts, and fish and 
wildlife distribution and migration patterns. Public involvement in the environmental review 
process shall be actively solicited by the preparer of the environmental review document and 
shall include, at minimum, adequately noticed public meetings in at least three communities 
including Great Falls and Helena. 
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3) The proposed surface activity shall adhere to the "Interagency Rocky Mountain Front, Wildlife 
Monitoring/Evaluation Program, Management Guidelines for Selected Species" adopted by the 
Montana Department of Fish, Wildlife and Parks in September 1987, or any successor guidelines 
thereto. 

 

4) The Board may refuse to approve any proposed surface operations if it 
determines that they do not constitute the best use of trust resources or are 
not in the best interest of the State of Montana. 
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Appendix 14 
Bureau of Land Management Draft Habitat Standards for Management Zone 1  

 
Because the definition of Secure Core habitat requires areas at least 2,500 acres in size and 
most BLM lands inside the PCA and Zone 1 are scattered parcels or smaller acreages, there are 
limited amounts of Secure Core habitat managed by the BLM in these areas. BLM lands in Zone 
1 were evaluated to determine if they currently provide secure grizzly bear habitat or if they 
have the potential to provide secure habitat.  Secure Core Habitat is defined as areas greater 
than 500 m from an open motorized route (road or trail) or recurring helicopter flight and at 
least 2,500 acres in size.  Open roads are defined as any roads open to public use during the 
period of April 1 through November 30.  Closed roads or roads open only to administrative uses 
would not be considered “open” roads.  In Zone 1, three blocks of BLM managed lands were 
identified as currently providing occupied secure habitat (Chamberlain/Murray Douglas, 
Hoodoos and the Lower Blackfoot Corridor).  Occupied bear habitat is also found in Marcum 
Mountain but conditions could be improved through additional road closures.  
 
All areas currently providing secure habitat are located in the Missoula Field Office.  No blocks 
of BLM land were found to be large enough in the Butte or Lewistown Field Offices to provide 
secure grizzly bear habitat. 
 
Road density standards and vegetation management standards/guidelines would only be 
applicable in the Chamberlain/Murray Douglas, Hoodoos, Lower Blackfoot Corridor and 
Marcum Mountain Areas.   
 
Chamberlain/Murray Douglas - 42,500 acres 
Hoodoos - 26,000 acres 
Lower Blackfoot Corridor – 11,000 acres 
Marcum Mountain – 13,000 acres 
 
Road Density and Secure Habitat Standards  
 
If the BLM is able to provide large blocks of land (greater than 2,500 acres) through 
acquisitions, analysis would be completed to determine if road density standards should apply 
in these areas (this would apply to all Field Offices).   
 
Draft Standards for Chamberlain/Murray Douglas, Hoodoos, Lower Blackfoot 
Corridor and Marcum Mountain Areas (Missoula Field Office) 
 
To minimize disturbance to grizzly bear Secure Core habitat (Chamberlain/Murray Douglas, 
Hoodoos and the Lower Blackfoot Corridor), open road densities will be maintained below 1 
mi/sq. mi unless this is not possible due to rights-of-way, leases, or permits.  All practicable 
measures will be taken to assure that important habitats with low road densities remain in that 
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condition.  Currently, open road densities in Chamberlain/Murray Douglas, Hoodoos and the 
Lower Blackfoot Corridor are under 1 mi/sq. mi.  
 
In the Marcum Mountain Area (potential secure habitat), the BLM will move towards meeting 
an open road density of less than 2.5 mi/sq. mi. to allow for management activities while 
improving secure habitat for bears.  Road densities in the Marcum Mountain area are currently 
high at 3-5 mi/sq. mi.  Implementation of the habitat standard (<2.5 mi/sq. mi) in Marcum 
Mountain will begin after on-going restoration activities and would be expected to be met 
within 10 years.  A comprehensive travel plan analysis will be completed during the Resource 
Management Plan revision and the road density standard for Marcum Mountain could be 
modified at this time.   
 
Secure Core habitat in the Chamberlain/Murray Douglas, Hoodoos and Lower Blackfoot 
Corridor areas will be maintained or increased.  In the Marcum Mountain Area, Secure Core 
Habitat will be created through the reduction of open roads. 
 
Adequate vehicle access will be maintained for management activities and treatments.  
Temporary road locations will be minimized in important bear habitats such as foraging areas, 
riparian habitats, and elk calving areas.  
 
Temporary roads will be closed or decommissioned within one year of project completion 
(roads could stay open for one year after project completion to allow for firewood cutting, 
weed control or other short-term uses of the road).  Project completion refers to all work 
associated with a project including, but not limited to timber harvest, thinning, seeding, 
broadcast burning, pile burning and weed spraying. 
 
The Missoula Field Office will monitor administrative use of closed roads for 3 years to 
determine the baseline using surveys and road counters.  After baseline levels are determined, 
the Field Office will identify the appropriate level of administrative use.  After the appropriate 
level of administrative use is identified, this type of use will be monitored.  How long-term 
administrative use is monitored will be identified by the Field Office. 
 
Exceptions to administrative use could be granted for longer term projects (such as habitat 
restoration activities, salvage logging, etc.) after analysis of the effects to grizzly bear have been 
completed and disturbance to the bear has been considered and minimized to the extent 
possible.  Another exception to administrative use is for monitoring/documenting trespass 
livestock.   
 
Vegetation Standards and Guidelines for Zone 1 
 
Apply to Chamberlain/Murray Douglas, Hoodoos, Lower Blackfoot Corridor and 
Marcum Mountain Areas (Missoula Field Office)  
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Standards 
 
All proposed management activities will be evaluated for their effects on grizzlies and/or their 
habitats.  Vegetation manipulation projects will be designed to minimize impacts to or improve 
grizzly bear habitat unless the project is designed primarily to benefit a Federally Listed species. 
 
Timber sale contracts will include a clause providing for cancellation or temporary cessation of 
activities if needed to resolve a grizzly-human conflict situation (i.e. such as kill sites).  Prior to 
beginning work all contractors, operators and their employees will be informed of safe 
procedures for working and recreating in grizzly country. 
 
Contracts will include a clause prohibiting firearms on site during operations related to the 
contracts.  Carrying of bear pepper spray will be recommended to contractors.   
 
Contractors, operators and contractor employees must follow food/attractant storage orders. 
 
Contractors must get approval before camping on BLM lands. 

 
Fire camps must follow food/attractant storage orders.   
 
Activities that will permanently reduce habitat quality or quantity, reduce the population of 
grizzly bear or cause bears to be conditioned to human food or presence will not be permitted.   
 
Vegetation structure, density, species composition, patch size, pattern, and distribution will be 
managed in a manner to maintain or improve grizzly bear habitat across the landscape.   
 
Whitebark pine restoration will be promoted at suitable sites.  Whitebark pine is a minor 
component of the forests on BLM lands in Zone 1. 
 
Guidelines 
 
Silvicultural treatments, restoration activities, and prescribed burning may be used to improve 
grizzly bear habitat.   
 
Silvicultural treatments in forested cover should provide a balance of all successional stages at 
the landscape scale.  
 
Vegetation and fuels management activities should occur at a time or season when the area is 
of little or no biological importance to grizzlies.   
 

Livestock Grazing Habitat Standards – for Zone 1 Unless Otherwise Identified 
 
No sheep allotments will be allowed in Zone 1.   
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The use of sheep and goats for the purpose of weed control will be allowed and follow existing 
federal/state permitting processes.  
 
In areas currently unleased, no new livestock grazing allotments will be created for any class of 
livestock in Zone 1.   
 
If BLM acquires lands that were grazed before the acquisition occurred, grazing will be allowed 
for livestock but not for sheep.  If monitoring data indicates over utilization or other land health 
issues, the number of AUMs could be reduced and the season of use modified. 
 
If BLM acquires lands that were not grazed before the acquisition occurred, grazing allotments 
will not be allowed in Chamberlain/Murray Douglas, Hoodoos, the Lower Blackfoot Corridor 
and Marcum Mountain Areas.  In all other areas of Zone 1, livestock grazing (with the exception 
of sheep) could be considered on these newly acquired lands. 
 
Within Zone 1, the BLM will include a clause in all new and revised grazing permits/leases 
requiring the permittee/lessees to properly treat or dispose of livestock carcasses to eliminate 
any potential attractant for bears.  The BLM will work with the permittee/lessee and Montana 
Fish, Wildlife and Parks (MFWP) on the appropriate manner and location of carcass disposal. 
 
Within Zone 1, the BLM will include a clause in all new and revised grazing permits/leases 
requiring the permittee/lessee to notify the BLM as soon as practical of any grizzly bear 
depredation on livestock or conflicts between grizzly bears and livestock, even if the conflict 
does not result in the loss of livestock.   
 
No apiaries would be permitted in Chamberlain/Murray Douglas, Hoodoos, the Lower Blackfoot 
Corridor and the Marcum Mountain Areas.  Outside these areas, apiaries permitted on public 
lands must be enclosed within an approved and operating electric fence as described in the 
NCDE Food Storage Order.  Currently, there are no permitted apiaries on BLM lands in Zone 1.  
 
Livestock salting/minerals will be allowed in all Zones. 
 
Oil and Gas Leasing Standard – for the PCA and Zone 1 
 
No Surface Occupancy for all BLM and split estate lands in Zone 1. 
 
Stipulation: No Surface Occupancy. Surface occupancy and use is prohibited within the 
boundary of the Grizzly Bear Recovery Zone and Management Zone 1. 
 
Objective: To avoid surface disturbing and disruptive activities in the Grizzly Bear Recovery 
Zone (called the PCA in this Conservation Strategy) and Management Zone 1. 
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Exception: An exception may be granted by the authorized officer if the operator submits a 
plan which demonstrates that the proposed action will not affect grizzly bears or grizzly bear 
habitat. If the authorized officer determines that the action may have an adverse effect, the 
operator may submit a plan demonstrating that the impacts can be adequately mitigated. This 
plan must be approved by BLM in close coordination with MFWP. 
 
Modification: This stipulation may be modified if the authorized officer, in coordination with 
MFWP determines a portion of the area is no longer important to grizzly bear conservation or 
the boundaries of the stipulated area may be modified if the area can be occupied without 
adversely affecting grizzly bears or grizzly bear habitat. 
 
Waiver: This stipulation may be waived if the authorized officer, in coordination with MFWP, 
determines that the entire leasehold can be occupied without adversely affecting grizzly bears 
or grizzly bear habitat. 
 
Mining Standards for Zone 1 
 
Mining standards would be the same for Zone 1 as described for the PCA in the Conservation 
Strategy. 
 
Developed Sites Standards and Guidelines in Zone 1 
 
Guidelines 
 
The BLM will try to prevent changes in the capacity of sites or creating new developed sites but 
this will not always be possible.  Any potential detrimental effects to bears will be mitigated to 
the best of BLM’s ability.   
Where conflicts occur between grizzly bear and humans in the Chamberlain/Murray Douglas, 
Hoodoos, Lower Blackfoot Corridor and Marcum Mountain Areas, the BLM will consider 
elimination of dispersed camping.   
 
New communication site users will be grouped into existing facilities at established 
communication sites, to the extent practicable, to reduce impacts and expedite application 
processing. 
 
New right-of-way facilities will be located within or adjacent to existing rights-of-way, to the 
extent practicable, in order to minimize adverse environmental impacts and the proliferation of 
separate rights-of-way.   
 
Standards 
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Any proposed increase, expansion, or change of use of developed sites will be analyzed, and 
potential detrimental and positive impacts documented through project evaluation by the BLM.  
Areas with high risk of grizzly bear/human interaction (such as riparian areas) will be avoided. 
 
All new developed sites will have mandatory food storage regulations in place as well as 
education kiosks.   
 
Communication site plans will be completed prior to authorizing communication site uses in 
new areas. 
 
Right-of-way applications across roads that have been closed or have seasonal restrictions will 
be analyzed on a case-by-case basis. 
 
 
Food/Attractant Storage Strategy for Zones 1 and 2 
 
Introduction 
 
Grizzly bear occurrence is increasing on BLM lands along with an increase in human population 
and recreational use within the region.  In order to reduce the potential for negative 
human/wildlife conflicts related to accessibility to food, refuse, and other attractants, the 
Bureau of Land Management (BLM) has developed food storage orders for all BLM managed 
lands in Zones 1 and 2 identified in the Grizzly Bear Conservation Strategy. 
 
The purpose of these restrictions are to minimize grizzly bear-human conflicts and, thereby, 
provide for visitor safety and recovery of the grizzly bear within the Northern Continental 
Divide Ecosystem (NCDE). 
 
Communication Plan: 
 
To educate and inform the public before food storage orders take effect, one or more of the 
following will be implemented starting upon adoption of the Conservation Strategy: 
 

o Development of press releases for local newspapers, television and radio stations. 
o Development of flyers, brochures, and educational materials. 
o Development of kiosk notices and signage to be installed at various BLM 

campgrounds, boat launches, parking areas, and other locations with concentrated 
recreational use. 

o Internal and external dissemination of information to agencies, local governments, 
clubs, schools, permittees, contractors, outfitters/guides, non-governmental 
organizations, and the general public.  

 
Management Practices: 
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o Special Food Order requirements will be applied to BLM lands in Zones 1 and 2 and 
will be in effect from April 1 to December 1, annually. 

 
o Bear-resistant containers may be placed and maintained at priority BLM locations 

having the potential for concentrated human activity, such as: campgrounds, 
trailheads, parking areas, and boat launches.  

 
o The BLM lands in Zone 2 would be placed under mandatory food storage orders 

except where superseded by site specific regulations such as those for designated 
campgrounds or developed recreation sites.  This exception would mostly be in the 
high use, high traffic recreation sites (e.g. along the Missouri River) where 
congestion and urban interface make food storage orders difficult to implement and 
of marginal effectiveness when considering other activities in the area.   

 
o For campgrounds and recreation areas without specifice regulations, the BLM would 

review the specific needs of each facility and determine the appropriate food 
storage restrictions.  Mandortory or voluntary food storage orders could be 
implemented depending on the location of the site and the types of habitat.  In 
additions, there could be a phased-in schedule in conjunction with infrastructure 
upgrades and public education efforts. 

 
o Should the frequency bear-human interactions (including black bear) increase in the 

vicinity of recreation facilities, the BLM would modify those areas where mandatory 
food storage orders would apply.  

 
UNDER THIS FOOD STORAGE ORDER IT IS REQUIRED THAT: 
 
The following restrictions will be implemented in the Missoula, Butte and Lewistown Field 
Offices within the PCA, Zone 1 and Zone 2.  These restrictions shall remain in effect until 
rescinded or revoked.   
 
1.  Human, pet and livestock food (except baled or cubed hay without additives or salt for 
livestock), and garbage should be attended or stored in an approved bear-resistant manner:  
Food, garbage, and other attractants, including all livestock grain and pellets, should be stored 
using an approved storage technique when camp is unattended. 
 
2.  Wildlife carcasses, birds, fish or other animal parts that are within 1/2-mile of any camp or 
sleeping area should be stored in a bear-resistant manner during nighttime hours:  If a wildlife 
carcass is within an attended camp during daytime hours it may be on the ground. 
 
3.  Attractants (such as food leftovers or cooking grease) should not be buried, discarded, or 
burned in an open campfire: 
 

a. Leftover food or food waste products may be placed in an appropriate, sealed 
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container and packed out with garbage. 
 

b. Leftover food or other attractants may be burned in a contained stove fire. 
 

c. Attractants may be placed into a suitable container (i.e. tin can) to prevent leaching 
into the ground and burned over an open campfire. Any remaining attractants 
unconsumed by burning should be placed with other garbage and packed out. 

 
4.  Approved bear-resistant containers will meet the following criteria: A securable container 
constructed of solid material capable of withstanding 200 foot-pounds of energy applied by 
direct impact. Only commercial and personal-use bear-resistant containers, approved for use by 
the USDA, Forest Service, Missoula Technology and Development Center (MTDC), should be 
used.  
 
5.  The responsible party shall report the death and location of any livestock to a BLM or 
Forest Service Official within 24 hours of discovery.  In some very remote areas, it may not be  
possible to meet the 24-hour requirement.  In these special cases, the responsible party shall 
report to a BLM or Forest Official the discovery of any dead livestock within 48 hours.  
 
The following persons may be exempt from this order (The BLM State Director is delegated the 
authority to grant the exemption in writing): 
 
 1.  Persons with a permit specifically authorizing the prohibited act or omission. 
 

2.  Any Federal, State, or local officer, or member of an organized rescue or firefighting 
force in the performance of an official duty.  

 
Violations for these prohibitions are punishable by a fine of not more than $1,000 or 
imprisonment for not more than 12 months, or both (FLPMA Section 303 43 U.S.C. 1733). 
 
DEFINITIONS: 
 
1.  Attended:  At least one adult person (attendee) is physically present within 100 feet of 
attractants during daytime hours.  During the nighttime hours, all attractants must be within 
50 feet of the attendee, or attractants must be stored in a bear-resistant manner.   
 
2.  Attractant:  Food as defined below and garbage from human, livestock or pet foods. 
 
3.  Food:  Any nourishing substance, which includes human food or drink (canned, solid or 
liquid), livestock feed (except baled or cubed hay without additives) and pet food. 
 
4.  Attendee:  An adult (18 years of age or older) in control of attractants. 
 
5.  Bear-resistant container: A securable container constructed of solid material capable of 
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withstanding 200 foot-pounds of energy applied by direct impact. The container, when secured 
and under stress, will not have any openings greater than one-quarter (1/4) inch, that would 
allow a bear to gain entry by biting or pulling with its claws. 
 
6.  Bear-resistant manner: Any attractants, including food and garbage, stored in one of the 
following ways if unattended: 
 

a.  Secured in a hard-sided camper or vehicle trunk or cab or trailer cab. 
 

b.  Secured in a hard-sided dwelling or storage building. 
 

c.  Suspended at least 10 feet up (from the bottom of the suspended item) and 4 feet 
out from any upright support, i.e. tree, pole. 

 
d.  Stored in an approved bear-resistant container. 

 
e.  Stored within an approved and operating electric fence.   

 
f.  Stored in any combination of these methods, or 

 
g. Stored by methods other than those described in Section #6, a-f, that are approved in 
writing by the BLM. 

 
7.  Contained fire stove: a metal stove that completely encloses the fire. 
 
8.  Daytime: 1/2-hour before sunrise until 1/2-hour after sunset. 
 
9.  Nighttime: 1/2-hour after sunset until 1/2-hour before sunrise. 
 
10.  Livestock: A domesticated animal, such as mule, horse, llama, or goat. 
 
11.  Wildlife carcass: The body, or any parts thereof, of any deceased wild animal, bird, or fish. 
 
12.  An approved electric fence will meet at a minimum the following specifications:   
 

a.  The fence will be set up as a “tight wire” fence.  The wire will be tight and under 
tension, not loose or sagging. 

 
b.  Minimum fence height = 4 feet. 

 
c.  Minimum post height = 5 feet. 

 
d.  Maximum spacing between posts = 8 feet. 
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e.  Conductors (wire): Minimum of 7 wires, with 6-10 inch spacing between wires.  
Bottom wire must be within 2 inches of the ground. All wire must be smooth metal 
fence wire of at least 16 gauge or poly wire, except the top wire which may be poly tape 
of at least six strand stainless steel. 

 
f.  The system will be set up to operate both as a ground wire return and a grounded 
system. The 2 top wires will be hot, with all other wires alternating hot and ground.  The 
minimum length ground rod is 2 feet. 
 
g. Fence charger (minimum): (1) stored energy of 0.7 joules; (2) tested peak output of 
5000 volts; (3) 40 shocks per minute. User must be able to test electrical output in the 
field. 

 
h. The charger must be made inaccessible to disturbance from a bear. The charger may 
be stored within the interior of the fence or located a minimum of 10 feet above 
ground. 

 
i. Minimum distance between fence and items enclosed by electric fence = 3 feet. 
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Appendix 15 
Lead Agencies and Tribes Responsible for Monitoring Population and Habitat 

Parameters under this Conservation Strategy Agencies 
 
 

TASK LEAD AGENCY SUPPORTING AGENCIES 
Secure habitat/OMRD/TMRD USFS GNP, BLM, FIR, BIR 

Developed Sites USFS GNP, BLM 
Livestock allotments USFS GNP, BLM, FIR, BIR, DNRC, MFWP 
Prepare annual habitat monitoring 
reports 

USFS GNP, BLM, FIR, BIR, DNRC, MFWP 

Prepare annual population monitoring 
reports 

MFWP  

Private land status MFWP  
Limiting mortality to sustainable levels MFWP GNP, FIR, BIR 
Distribution of females w/ offspring MFWP USFS, GNP, BLM, FIR, BIR, DNRC 
Radio collar sample of 25 females MFWP USFS, GNP, FIR, BIR 
Annual conflict reporting MFWP GNP, FIR, BIR 
Public outreach and education MFWP  
Conflict management and response MFWP, GNP, FIR, 

BIR 
 

Calculate 6-year running average annual 
population growth rate (i.e., λ) annually 

MFWP USFS, GNP, FIR, BIR 

Calculate 6-year running average of 
independent female survival annually 

MFWP USFS, GNP, FIR, BIR 
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Appendix 16 
Annual Cost Estimates by Agency for Implementing this Conservation Strategy 
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Appendix 17 
Grizzly Bear Management Plan for Western Montana 

 
AVAILABLE ONLINE: 
http://fwp.mt.gov/fishAndWildlife/management/grizzlyBear/managementPlan.html  
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Year of 
death 

Sex of 
bear 

Cause 
Specific Inside/outside recovery zone  

bears 
killed 

2013 F train inside   1984 1 
2013 F train outside   1985 1 
2011 M train outside   1986 1 
2011 M train outside   1987 0 
2011 M train outside   1988 0 
2009 M train inside   1989 2 
2009 M train outside   1990 5 
2008 F train inside   1991 0 
2007 M train outside   1992 1 
2007 F train outside   1993 0 
2007 M train outside   1994 0 
2007 M train inside   1995 2 
2007 M train outside   1996 2 
2006 F train inside   1997 3 
2006 M train inside   1998 1 
2006 M train inside   1999 5 
2004 F train inside   2000 0 
2004 M train inside   2001 4 
2003 M train inside   2002 1 
2003 F train inside   2003 3 
2003 F train inside   2004 2 
2002 M train inside   2005 0 
2001 F train inside   2006 3 
2001 M train inside   2007 5 
2001 F train inside   2008 1 
2001 F train inside   2009 2 
1999 F train inside   2010 0 
1999 M train inside   2011 3 
1999 M train inside   2012 0 
1999 M train outside   2013 2 
1999 M train outside     
1998 F train inside   total 50 
1997 M train inside     
1997 F train inside     
1997 F train inside     
1996 M train inside     
1996 M train inside     
1995 F train inside     
1995 M train inside     
1992 M train outside     
1990 F train inside     
1990 M train inside     
1990 M train inside     
1990 F train inside     
1990 F train inside     
1989 M train inside     
1989 F train inside     
1986 M train inside     
1985 F train inside     



1984 M train inside     
 
 
 
data received on Sept 17, 2014  
sent by Grizzly Bear Recovery Coordinator, USFWS, at request of Chris Servheen 
University Hall, Room 309, University of Montana, Missoula, MT 59812 
Office: 406-243-4903  
grizz@umontana.edu  
   
for NCDE population  

 



Van Why, K.R., and M.J. Chamberlain. 2003. Mortality of black bears, Ursus americanus, 

 associated with elevated train trestles. Canadian Field-Naturalist 2003:113-115. 

 

Abstract: 

 

The Louisiana Black Bear (Ursus americanus luteolus), a threatened species in the United 

States, inhabits the Tensas and Atchafalaya River Basins of Louisiana. These basins contain 

three breeding populations, but dispersal among the populations is limited due to habitat 

fragmentation and a lack of corridors. Highways and railroads bisect the few available corridors. 

and mortalities occur as a result of collisions with vehicles. Waterways and flood control 

structures used as travel corridors by bears are crossed by road and rail bridges creating the 

potential for additional mortalities. We documented two mortalities associated with elevated 

railroad spans. Both occurred along the same span of track located within the Morganza 

Spillway in Pointe Coupee Parish, Louisiana, and both mortalities were a result of the bear 

falling from the span or being struck by a train while crossing the trestle. 
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EFFECTS OF TRANSPORTATION INFRASTRUCTURE ON GRIZZLY
BEARS IN NORTHWESTERN MONTANA

JOHN S. WALLER,1 Glacier National Park, West Glacier, MT 59936, USA
CHRISTOPHER SERVHEEN, Grizzly Bear Recovery Coordinators Office, U.S. Fish and Wildlife Service, University Hall Room

309, University of Montana, Missoula, MT 59801, USA

Abstract: Highways and railroads have come under increasing scrutiny as potential agents of population and habi-
tat fragmentation for many mammalian species, including grizzly bears (Ursus arctos). Using Global Positioning Sys-
tem (GPS) technology and aerial Very High Frequency (VHF) telemetry, we evaluated the nature and extent of
trans-highway movements of 42 grizzly bears along the U.S. Highway 2 (US-2) corridor in northwest Montana, USA,
1998–2001, and we related them to highway and railroad traffic volumes and other corridor attributes. We
employed highway and railroad traffic counters to continuously monitor traffic volumes. We found that 52% of the
sampled population crossed highways at least once during the study but that crossing frequency was negatively
exponentially related to highway traffic volume. We found that grizzly bears strongly avoided areas within 500 m of
the highway and that highway crossing locations were clustered at a spatial scale of 1.5 km. Most highway crossings
occurred at night when highway traffic volume was lowest but when railroad traffic was highest. Highway crossing
locations were flatter, closer to cover in open habitat types, and within grassland or deciduous forest vegetation
types. Nighttime traffic volumes were low, averaging about 10 vehicles/hr, allowing bears to cross. However, we pro-
ject that US-2 may become a significant barrier to bear movement in ∼30 years if the observed trend of increasing
traffic volume continues.

JOURNAL OF WILDLIFE MANAGEMENT 69(3):985–1000; 2005

Key words: connectivity, Global Positioning System, GPS, grizzly bear, highways, Montana, railroads, roads, trans-
portation, Ursus arctos.
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The grizzly bear was once common throughout
much of the western United States from the Cana-
dian–American border south to the present-day
Mexican–American border (Rausch 1963). How-
ever, expanding human populations have severely
reduced many grizzly bear populations, particularly
in the southern portions of their range (Servheen
1999, Mattson and Merrill 2002). Grizzly bears in the
United States now occur in only 5 ecosystems within
the states of Idaho, Montana, Wyoming, and Wash-
ington (Servheen 1990). The extent of grizzly bear
movement between these ecosystems is probably
minimal, and no natural movement between ecosys-
tems has been documented (Kasworm et al. 1998).

The Grizzly Bear Recovery Plan recommends es-
tablishment and maintenance of linkage zones be-
tween these 5 ecosystems (U.S. Fish and Wildlife
Service 1993) to maintain genetic diversity within
each population and to lessen the impacts of de-
mographic and environmental stochasticity (Wil-
cox 1980). Consequences of reduced population
size, isolation, and subsequent inbreeding and de-
mographic vulnerability have been widely dis-
cussed (Wright 1931, Soulé 1980, Gilpin and Soulé
1986, Lande 1988, Mills and Smouse 1994, Lande
1995, Paetkau et al. 1998).

Highways and/or railroads currently bisect all 5
grizzly bear ecosystems. Negative effects of trans-
portation corridors have been documented for
numerous wildlife species including woodchucks
(Marmota monax; Woodward 1990), sandhill cranes
(Grus canadensis; Dwyer and Tanner 1992), ravens
(Corvus corax; Knight and Kawashima 1993),
passerines (Reijnen and Foppen 1994), deer
(Odocoileus spp.; Romin and Bissonette 1996), and
bumblebees (Bombus spp.; Bhattacharya et al.
2003); indeed, the negative effects of highways on
wildlife have been noted for over 75 years (Stoner
1925, Forman et al. 2002). However, data for griz-
zly bears are limited.

Previous research on the effects of roads on griz-
zly bears has been largely confined to tertiary
and/or unimproved road systems occurring
within forests managed for timber harvest
(Archibald et al. 1987, McLellan and Shackleton
1988, Kasworm and Manley 1990, Mace et al. 1996)
or within national parks (Mattson et al. 1987). All
have shown displacement due to roads. Previously
published works from 2 areas specifically ad-
dressed the impacts of high-volume highways on
brown bears. Chruszcz et al. (2003) found that
traffic volume affected crossings on high-volume
highways in Banff National Park, Alberta, Canada,
and Kaczensky et al. (2003) found a similar situa-
tion in Slovenia.1 E-mail: john_waller@nps.gov
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Our objective was to describe the effects of a
high-speed highway and its associated transporta-
tion corridor on the movement and habitat-use
patterns of resident grizzly bears. Specifically, we
studied whether grizzly bears avoided areas near
the highway, if resident grizzly bears used specific
crossing areas to traverse highways, and whether
or not these locations differed from non-crossing
areas. We also studied whether or not any existing
temporal patterns of highway crossings were re-
lated to highway and railroad traffic levels.

STUDY AREA
Our 2730 km2 study area consisted of 4 fifth-or-

der watersheds located along Montana Highway
49 (MT-49) and US-2, approximately between Es-
sex and East Glacier, Montana. The most northern
east-west highway in the contiguous United States,
US-2 was a 2-lane highway separating Glacier Na-
tional Park to the north from the Bob Marshall
Wilderness complex to the south. The western
portion of the highway lay within the valley bot-
tom of the Middle Fork of the Flathead River and
Bear Creek valley until it crossed the Continental
Divide at Marias Pass (elevation 1610 m). East of
Marias Pass, US-2 dropped into the prairie biome,
paralleling the South Fork of the Two Medicine
River and crossing the western boundary of the
Blackfeet Indian Reservation (BIR).

Another paved 2-lane highway, MT-49, joined US-
2 from the north at East Glacier. Carrying primar-
ily local and tourist traffic, it wound through the
Rocky Mountain foothills near the eastern edge of
Glacier National Park to its terminus with U.S.
Highway 89 at Kiowa Junction, Montana. Only
small portions of MT-49 lay within the study area.

A major railroad line paralleled US-2 for its entire
length within the study area. This railroad line was
a primary freight corridor between Chicago, Illinois,
and Seattle, Washington, and it was also the primary
means of transporting grains from eastern Montana
and North Dakota to markets on the West Coast.

Small concentrations of homes, businesses,
ranches, and small communities existed within the
US-2 corridor, but the majority of the area was un-
developed federal land, (36% of the area lay
within the boundaries of Glacier National Park).
U.S. Forest Service lands were managed primarily
for recreation, timber harvest, and grazing. Tribal
lands were managed primarily for cattle grazing.

Topography associated with US-2 varied from
flat valley bottoms to steep mountainsides. Domi-
nant vegetation was primarily coniferous forest in
the western portions of the study area, where a Pa-

cific maritime climate predominated. Open
grass/forb/deciduous tree communities were
more common in the east where the climate was
continental. The collision of these 2 climatic
regimes often resulted in unsettled weather con-
ditions. Riparian areas paralleled the highway for
much of its length within the study area.
Avalanche chutes were preferred grizzly bear for-
aging areas (Waller and Mace 1997, McLellan and
Hovey 2001) and occurred in numerous locations,
often close to the highway.

We chose this particular study area for several
important attributes. First, grizzly bears occupied
areas on both sides of US-2, and anecdotal obser-
vations and preliminary data showed that they
crossed this portion of US-2. Second, the level of
development within the corridor was significant
but not so great as to preclude observations of
grizzly bear crossing patterns; and third, we could
access areas in which to capture grizzly bears.

METHODS

Capture and Telemetry
To obtain a representative sample of grizzly

bears residing within the highway corridor, we
placed trap sites as equidistantly as possible along
both sides of US-2 within the study area. We cap-
tured grizzly bears with Aldridge snares or culvert
traps using standard techniques (Johnson and Pel-
ton 1980, Jonkel 1993), or, on the BIR, we fired
tranquilizer darts at grizzly bears from tree stands
placed over livestock carcasses (Jonkel 1993). All
trapping occurred during the months of June and
July 1998–2001. We equipped all grizzly bears cap-
tured in 1998 with a Telonics model 500RM VHF
telemetry transmitter (Telonics Inc., Mesa, Ari-
zona, USA) to assess the extent of highway cross-
ing by resident grizzly bears before beginning full
field efforts.

In past research efforts, conclusions concerning
specific road segments and their influence zones
were limited by existing radiotelemetry technol-
ogy. Rugged topography often limited ground
tracking, and close aerial tracking was limited by
frequent periods of inclement weather, restriction
to daylight hours, and the high cost of flight time.
Further, intensive aerial telemetry in mountainous
terrain was dangerous to researchers. Recent in-
corporation of GPS technology into wildlife teleme-
try collar systems helped overcome aerial VHF
telemetry obstacles. Therefore, during 1999 and
2000, we fitted captured female grizzly bears
weighing ≥91 kg with a Telonics Generation IIRM
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store-on-board GPS collar. During 2001, the final
year of fieldwork, we collared male and female
grizzly bears. We fitted grizzly bears weighing <91
kg with an ear-tag transmitter (Advanced Teleme-
try Systems, Isanti, Minnesota, USA).

Our GPS collars obtained a position once every
hr, 24 hr per day, and location information was
stored within the collar. The GPS collars could ob-
tain either 2-dimensional (2D) or 3-dimensional
(3D) positions. The 2D positions are obtained us-
ing 3 GPS satellites and 3D positions require ≥4
satellites and generally give a more accurate posi-
tion. We chose the hourly location rate as a rea-
sonable compromise between battery life and spa-
tial specificity. We estimated battery life would be
about 120 days, which was sufficient to provide
GPS positions between time of trapping and den-
ning. Because the collar needed to be retrieved
and downloaded to obtain the accumulated in-
formation, we equipped all collars with a VHF bea-
con and a programmable breakaway device. The
VHF beacon operated concurrently with the GPS
unit, and through variable pulse rates, provided
information about GPS system status and/or ani-
mal mortality. We located all transmitters 2 times
per week from fixed-wing aircraft, as weather con-
ditions allowed, to keep track of animals and pro-
vide timely cause-specific mortality information.
After we retrieved GPS collars and downloaded
their information to a computer, we differentially
corrected positions using Trimble Pathfinder Of-
ficeRM (Trimble Navigation Ltd., Sunnyvale, Cali-
fornia, USA), and proprietary software developed
by Telonics Incorporated.

Traffic Monitoring
We installed Peek Trafficomp IIRM pneumatic ve-

hicle counters (Peek Traffic Corporation, Palmetto,
Florida, USA) on US-2 at each end of the study
area (approximately 35 km apart). The counters
operated June through mid-October during
1999–2001. We configured the counters to tally the
number of vehicles passing over the counter sen-
sors each hr of a 24-hr day in each lane (east and
west-bound lanes). Having counters at each end
of the study area provided system redundancy in
case 1 of the counters became inoperative and al-
lowed calculation of local vs. through traffic. Be-
cause the counters counted axles, we developed a
correction factor for multi-axle vehicles by tallying
axles and classifying vehicle types during 11 30- to
60-min observation periods. We then compared
these actual counts to those collected by the
counter to derive a ratio estimate of the true num-

ber of vehicles. We then compared this estimate to
the statewide correction factor used by the Mon-
tana Department of Transportation (MDOT).

We collected railroad traffic data by download-
ing automatic train counters through modem ac-
cess provided by the Burlington-Northern Santa
Fe railroad. The counters recorded date, time, di-
rection, length, and speed of all trains crossing the
counters. We used counters located just west and
east of the study area boundaries. We measured
differences in railroad traffic between months and
between day and night.

Environmental Variables
We collected hourly weather data during

1999–2001 from remote weather stations operated
by MDOT located just west of the study area at Es-
sex and 50 km southeast of the study area at Pen-
droy, Montana. The Essex weather data were most
representative of weather conditions west of the
Continental Divide while the Pendroy weather
data were more representative of conditions east
of the Continental Divide. Weather data included
temperature, wind speed, wind direction, and
presence, type, and rate of precipitation.

We grouped all GPS positions into dawn, day,
evening, and night categories based upon day
length. Dawn and evening were the periods be-
tween civil twilight and sunrise or sunset. Civil twi-
light was the period between sunrise or sunset and
when the sun was 6 degrees below the horizon.
Day was the period between sunrise and sunset,
and night was the period between the end of
evening twilight and the beginning of morning
twilight. We calculated sunrise, sunset, and twilight
periods for East Glacier, Montana using Sun.exe
(http://www.sunrisesunset.com).

We obtained digital cover-type maps from the U.S.
Forest Service and imported them into our com-
puterized Geographic Information System (GIS).
The Wildlife Spatial Analysis Lab at the University
of Montana produced these maps by classifying
Thematic Mapper satellite imagery (Redmond et al.
1998). The Flathead National Forest made further
refinements based on potential vegetation types
and recent wildfires. The minimum mapping unit
for these maps was 2.5 ha. We simplified the map by
combining similar vegetation types, thus reducing
the number of cover types from 25 to 8. The 8 cover
types were rock (barren/nonvegetated), grass-
land, shrubland, riparian, deciduous forest, mixed
forest, conifer forest, and water.

We obtained grizzly bear habitat quality maps
from the U.S. Forest Service, constructed during
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cumulative effects modeling efforts for the North-
ern Continental Divide Ecosystem (NCDE; Mace
et al. 1999). Mapped habitat quality values were
most strongly influenced by elevation and green-
ness. Greenness was a measure of herbaceous phy-
tomass and was strongly related to grizzly bear
habitat selection (Mace et al. 1999, Stevens 2002).

We constructed digital maps of US-2 and the rail-
road within the study area by digitizing these fea-
tures on U.S. Geological Survey (USGS) ortho-
photo quadrangles with 1-m resolution. We
obtained hydrological and 10-m digital elevation
data from the USGS. We represented terrain
ruggedness along US-2 by calculating the standard
deviation of elevation within a 1-km moving circle.
The U.S. Forest Service, as part of its cumulative
effects modeling efforts, classified campgrounds,
housing, and other types of human developments
into low, moderate, or high-impact categories
based upon a Delphi consideration of their per-
ceived impacts on grizzly bears. We obtained these
digital maps of human impact points from the
U.S. Forest Service, and we then created maps dis-
playing the distance from each of these develop-
ment categories. We created a distance-to-cover
map by digitizing the border of roadside vegeta-
tion from USGS orthophoto quadrangles.

We constructed a road density layer by running
a moving circle procedure on digital road maps
that we obtained from the U.S. Forest Service and
from U.S. Census Bureau TIGER files. The moving
circle (or focal-sum) process assigned the number
of 30-m road cells within a 1-km circle to the cen-
ter cell. The circle thus moved across the map as-
signing a value to every cell (Mace et al. 1996). We
used ArcView GIS version 3.2 (Environmental Sys-
tems Research Institute, Redlands, California,
USA) for all GIS analyses.

Data Analysis
We tabulated observed highway crossing events

and examined differences in crossing frequency
between sex and age classes, season, and time of
day. We regressed crossing frequency on traffic
volume and evaluated fit using Kolmogorov-
Smirnov and chi-square tests. We compared ob-
served highway crossing frequencies to that ex-
pected for each grizzly bear with a GPS collar and
that crossed US-2 or MT-49. We calculated ex-
pected crossing frequencies by generating 100
random walks within each individual bear’s 100%
minimum convex polygon (MCP) home range
(Serrouya 2000). The random walks used the ob-
served distances applied in random directions,

thus preserving realistic rates of movement. We
arbitrarily selected the 100% MCP (Burt 1943) as
a reasonable means to limit the random walks to
the areas in which the grizzly bears actually lived.
We then calculated the mean number of times the
random walks crossed US-2 along with the ± 95%
confidence intervals. We considered observed
crossing frequencies outside ±95% confidence in-
tervals statistically significant. We generated the
home range polygons and random walks using the
Animal Movement extension for ArcView GIS
(Hooge and Eichenlaub 1997).

We recognized that highway crossing patterns may
be proportional to temporal patterns of activity.
We compared mean movement distances and rates
between highway crossings and non-crossings by in-
dividual and tested for significance (P ≤ 0.05) using
the Kruskal-Wallis test (Sokal and Rohlf 1995). We
performed this test using mean 24-hr movement
rates and mean movement rates calculated for
only those hours in which crossings occurred.

To establish a putative distance over which grizzly
bears modified their behavior patterns in response
to road traffic, we created distance isopleths around
US-2 and MT-49 from zero to 1,000 m in 100-m in-
crements. We did not explicitly include the railroad
because it generally ran closely parallel with US-2.
The mean distance between the railroad and US-2
within the study area was 239 m and ranged from
<30 m to 1.7 km (±95% 151–328 m). We assumed
that any disturbance associated with the railroad
would be additive to that of US-2 and be reflected
in isopleth selectivity. We quantified the use and
availability of each isopleth by each of the 11 GPS-
collared grizzly bears that came within 1 km of US-
2 or MT-49 by creating selection ratios (Manly et al.
1993:65). We combined selection ratios over all an-
imals for an estimate of the population selection ra-
tio using equation 4.40 from Manly et al. (1993). We
estimated the variance of the population selection
ratio as recommended by Manly et al. (1993:38, 67).
We tested the selectivity of individual animals by
calculating a chi-square statistic with I-1 degrees of
freedom, where I was the number of categories.
We tested overall selection by summing these sta-
tistics over all j animals and testing with n(I-1) de-
grees of freedom (Manly et al. 1993:66). We then
identified the putative disturbance zone using a
Friedman non-parametric ANOVA on ranks
(White and Garrott 1990) followed by post hoc,
multiple comparisons (Conover 1980).

To assess the spatial clustering of highway cross-
ing locations or the lack thereof, we modified the
method derived by O’Driscoll (1998) and Cle-
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venger et al. (2003). First, we assumed that the
crossing location occurred at the intersection of the
highway and a line connecting the subsequent lo-
cations on either side of the highway. Given that lo-
cations were 1-hr apart, we felt confident that bears
crossed the highway reasonably close to that point.

Using all the n intersections as crossing loca-
tions, we then calculated the distance between
each crossing point i and its nearest neighbor j,
along that portion of the highway where crossings
occurred (i.e., the highway segment between the
most distant crossing points). We then binned the
accumulated distances into arbitrary 1-km dis-
tance classes, or scales, ranging from 500 m to 38
km. We then summed the number of nearest-
neighbor distances in each bin to yield a form of
Ripley’s K-statistic (Ripley 1981). Because we
pooled observations of highway crossings among
individual bears, these statistics reflect the spatial
distribution of crossing points of those individuals
that crossed highways most often.

In order to assess significance of the K-statistics,
we drew a random sample of points along the high-
way of size n, (simulated crossing locations), and
then computed K-statistics for each of 100 itera-
tions. We displayed results as plots of L(t), the ob-
served number of crossings minus the simulated
mean, against distance. Values of L(t) > 0 indicated
clustering and values <0 indicated dispersion. We
deemed values of L(t) outside the upper or lower
95th percentile significant (O’Driscoll 1998). We
then used the scale distance with the first significant
level of clustering as the basis for modeling poten-
tial crossing areas. We referred to this scale distance
as the patch length or maximal cluster scale, and it
was independent of clustering intensity, and was
represented by the height of the distribution.

Modeling
We used logistic regression to estimate the prob-

ability of bears crossing US-2 as a function of land-
scape factors that we believed might explain the
observed clustering of crossing locations. These
factors were: distance to water, distance to cover,
cover type, change in elevation adjacent to the
roadway, road density, distance to low, moderate,
or high human impact points, and habitat quality.
We tested each factor at both the base map scale
(30-m raster map) and at the generalized maximal
cluster scale identified above. We calculated factor
values at the maximal cluster scale by computing
the average (for continuous data) or modal (for
categorical data) values within a moving circle
with a diameter equal to the maximal cluster scale.

We tested each factor for univariate significance
with unbalanced, 1-way ANOVA (continuous data)
or χ2-tests computed from the marginal frequen-
cies of 2 × k contingency tables (categorical data).
We tested all factors for multicollinearity prior to
logistic regression analysis (Menard 1995). We
then included all these factors into a full log-lin-
ear model. We estimated model parameters using
maximum likelihood techniques where the di-
chotomous response variables were used (1) or
available (zero; Manly et al. 1993). During the
moving circle procedure on cover type, the values
for the rarest types (i.e., rock, riparian, and water)
dropped out. We created 0/1 indicator variables
for each of the 5 remaining cover types. For the
categorical variable cover type, we held out mixed
forest as the standard indicator variable against
which others varied. We iteratively removed non-
significant model parameters based on χ2-tests of
Wald statistics (Hosmer and Lemeshow 1989). We
used Akaike’s Information Criterion (AIC) to se-
lect the most parsimonious model describing griz-
zly bear crossing areas. We then derived 95% con-
fidence intervals for each parameter estimate by
creating a separate model for each n – 1 sample of
individuals (jackknifing). In this manner, we were
able to assess the influence of individual animals
on model stability and variability.

RESULTS

Capture and Telemetry
We captured 43 different grizzly bears in 51 cap-

ture events (13 adult males, 11 subadult males, 10
adult females, 9 subadult females). We deployed 22
VHF radios on 19 individuals (3 individuals had
VHF radios replaced) and 23 GPS collars on 23 in-
dividuals. Eight individuals fitted with GPS collars
were also given VHF ear-tag transmitters to allow
relocation after the GPS collar released (Table 1).

We collected 912 aerial telemetry locations in
242 hrs of flight time during 1998–2001 and 20,944
GPS positions during 1999–2001. Four of the 9
GPS collars deployed in 1999 and 2000 functioned
properly. One collar failed due to a fault in the an-
tenna power supply, and 4 failed to initialize prop-
erly. We recovered 10 of 14 GPS collars deployed
in 2001, and 2 of the 10 failed prematurely. We did
not recover 4 GPS collars due to failure of the au-
tomatic release mechanism. Success rate over all
hourly GPS position attempts was 72% for 2D and
3D locations combined and 39% for 3D only. Ac-
curacy of differentially corrected locations was ex-
pressed as 95% circular-error probable (CEP),
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which was the distance from the true location en-
compassing 95% of the positions. Our CEP was
22.4 m for 3D locations and 67.7 m for 2D loca-
tions (Graves 2002).

Traffic Monitoring
Our traffic counters recorded over 6,000 hr of

traffic from 1999–2001. During 8.5 hr of counter
testing, the counters accurately recorded the num-
ber of axle crossings (±1%) for 1,063 vehicles, but
they overestimated the number of vehicles be-
cause every 2 axles counted as 1 vehicle. We esti-
mated the actual number of vehicles to be 84% of
the recorded vehicle counts. The standard state-

wide correction used by
MDOT was 82% for prin-
cipal rural highways.

Traffic patterns on US-2
showed strong daily and
seasonal patterns (Fig. 1).
Traffic counts peaked dur-
ing late afternoon then
dropped to near zero dur-
ing pre-dawn hours. Aver-
age bi-directional hourly
traffic at the west counter
was 77 cars/hr (range
0–318), and mean daily
traffic was 1,806 vehicles
(range 220–3,338).
Counts at the east counter
were higher: 87 vehi-
cles/hr (range 0–398)
and 2,066 vehicles/day
(range 17–4,289). Mean
hourly counts by year in a
given lane never differed
by more than 9 vehicles at
either location. Traffic
counts peaked during
the month of July then
decreased monotonically
through October. We esti-
mated that approximately
30% of the east-bound
and 24% of the west-
bound traffic was local.

We collected 4,135 hrs
of train counts at the
west train counter dur-
ing 1999–2001 and 1,141
hrs at the east counter
during 1999–2000. Work
and maintenance trains

were generally shorter than 21 cars, while freight
trains averaged 75 cars. We found that train length
(both types included) was consistently higher dur-
ing early morning and late evening hours than
during midday and that rail traffic did not vary
substantially between years. Mean bidirectional
rail traffic was 1.2 trains/hr and ranged from
0–3.75 trains/hr (Fig. 2). Average rail traffic was
slightly higher in October (1.53 trains/hr) than in
July–September (1.19–1.34 trains/hr). We also
found that rail traffic was higher (x– = 1.5 trains/hr
vs. 1.2 trains/hr) during hours of darkness, par-
ticularly the pre-dawn hours, than during the day-
light or evening hours. Train speed averaged

Table 1. Identification of grizzly bears captured and collared along US Highway 2 in northwest
Montana, USA, 1998–2001, dates of capture, and type of collar used.

Radio Highway Days per
Sex-age Date of first Collar daysc crossingse crossingf

code/IDa capture typeb VHF/GPSd VHF/GPS VHF/GPS

m2 6 Jun 1998 VHF/GPS 504/0 30/0 17/0
F5 10 Jun 1998 VHF 526 2 263
M6 11 Jun 1998 VHF/GPS 87/18 0/0
M7 12 Jun 1998 VHF 67 0
F8 14 Jun 1998 VHF 563 27 21
f9 14 Jun 1998 VHF 666 23 29

F11 14 Jun 1998 VHF 191 7 27
M12 14 Jun 1998 VHF/GPSe 54/26 2/2 27/13
M13 16 Jun 1998 VHF 42 0
F921 11 Jun 1999 GPSe 239/140 0/0
F14 12 Jun 1999 GPSe 321/115 0/0
f922 18 Jun 1999 GPSe 479/140 0/0
f20 1 Jul 1999 VHF 127 6 21
F24 15 Jun 2000 GPS 121/0 10/0 12/
F26 16 Jun 2000 GPS 59/0 0/0

m286 22 Jun 2000 GPSe 0/0 0/0
f293 13 Jul 2000 GPSe 176/100 0/0
F218 28 Apr 2001 GPSe 180/0 7/0 26/
m34 4 Jun 2001 GPS 104/134 2/8 52/17
M365 6 Jun 2001 GPS 0/17 0/0
M36 7 Jun 2001 GPS 110/138 0/0
f37 7 Jun 2001 GPS 105/132 0/10 /13

M925 7 Jun 2001 GPS
f367 8 Jun 2001 GPS 127/0 0/0
M181 8 Jun 2001 GPS
M274 1 Jun 2001 GPSe
m926 11 Jun 2001 VHF
M38 15 Jun 2001 GPS 104/124 1/5 104/25
m40 17 Jun 2001 VHF 127 10 13
F224 18 Jun 2001 GPS 0/15 0/7 /2
F42 20 Jun 2001 GPS 27/41 0/0

m289 5 Jul 2001 GPS 94/86 4/18 23/5

a Sex-Age/ID codes: m = subadult male, M = adult male, f = subadult female, F = adult fe-
male.

bSome individuals wore both GPS and VHF collars at different times, and GPS collars contained
a VHF beacon. Bears fitted with a GPS collar and an eartag transmitter are designated GPSe.

c Radio days are the number of days between first and last relocations.
d Abbreviations: GPS (Global Positioning System), VHF (Very High Frequency) telemetry.
eHighway crossings are the number of times successive relocations were on opposite sides

of US-2 and/or MT-49, documented with VHF and GPS telemetry.
f Days per crossing are crossings/radio days for VHF and GPS telemetry.
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Fig. 1. Corrected bi-directional mean vehicles by hour and month at the west traffic counter on U.S. Highway 2, northwest Mon-
tana, USA, 1999–2001.

Fig. 2. Range and mean number of trains by hour and month tallied at the west train counter in the U.S. Highway 2 study area,
northwest Montana, USA, 1999–2001.
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about 56 kph at the west counter, while west-
bound speeds at the east counter were slower (40
kph) because of the increasing grade towards
Marias pass. Average train speed was greater dur-
ing pre-dawn hours and peaked noticeably (∼60
kph) at 0800 and 2000 hr.

Grizzly Bear Movements
We tracked 25 grizzly bears with aerial telemetry,

and 13 of these crossed US-2 at least once (52%),
for a total of 131 crossings (Table 1). We docu-
mented 39 crossings of US-2 by 6 of the 14 bears
with GPS collars from which we obtained data. Of
these 6 individuals, 3 also made an additional 11
crossings of adjacent MT-49. For those bears for
which we had concurrent GPS and VHF crossing
data, aerial VHF telemetry captured only 7 of 33
crossings (21%). Based on GPS data, subadult
males and subadult females crossed highways the
most (8 and 23 days between crossings, respec-
tively), while adult females and adult males crossed
the least (61 and 46 days between crossings, re-

spectively). Adult females that crossed highways
during monitoring did not do so when accompa-
nied by cubs of the year (n = 2) but did so when
accompanied by yearlings or 2-year-olds (n = 2).

All bears with GPS crossing data crossed high-
ways less than expected when compared to ran-
dom moves of equal length (Table 2). Because US-
2 closely paralleled the railroad tracks for most of
its length within the study area, in most cases,
bears that crossed US-2 also crossed the railroad
tracks during the same move (Table 2). One ex-
ception, bear m289, frequented a large riparian
area between the railroad tracks and the highway.

Most (85%) crossings of US-2 were made at
night and when highway traffic volumes could be
expected to be low (Fig. 3). Actual mean traffic
volume during crossings was 30 vehicles/hr and
ranged from 2–98 vehicles/hr (±95%; 20–40 vehi-
cles/hr). Crossing frequency declined exponen-
tially with increasing traffic volume (Fig. 4), and
model fit was quite good (Kolmogorov-Smirnov d
= 0.112, P < 0.001; χ2 = 0.342, df = 2, P = 0.843). All

Table 2. Observed total number of highway crossings, crossings of U.S. Highway 2 and the Burlington Northern–Santa Fe railroad
(R.R.), and number of observed crossings of both US Highway 2 and the R.R. by Global Positioning System (GPS)-marked griz-
zly bears compared to that expected in 100 random walks, northwest Montana, USA, 1999–2001.

Observed No. Observed No. of
No. of no. of crossings no. of US-2 No. of highway crossings

Bear GPS highway over R.R. crossings also in 100 random walks

ID locations crossings US-2 crossings crossing R.R. x– –95% +95% Minimum Maximum SD

F224 236 7 3 5 3 8.5 7.4 9.5 0 26 5.3
m289 1176 18 15 11 6 33.9 31.2 36.5 8 64 13.4
f37 3161 10 10 9 8 53.5 48.5 58.5 6 155 25.4
m34 3216 8 4 6 4 26.6 22.1 31.1 0 87 22.8
M38 2972 5 5 6 5 34.1 29.8 38.5 1 77 21.8
M12 124 2 2 2 2 6.4 5.2 7.6 0 26 6.2

Table 3. Selection ratios, χ2 values, and their significance for 11 grizzly bears along U.S. Highway 2, northwest Montana, USA,
1999–2001. Selection ratios are the proportions of used/proportion of available road distance categories. Road Distance Cate-
gories are 100-m increments beginning with 0–100 m (category zero) through 900–1,000 m (category 9).

Road distance category

Bear ID 0 1 2 3 4 5 6 7 8 9 χ2 P

F14 0 3.898 0.375 0.910 0.688 0.492 0.913 1.202 1.647 1.089 25.420 0.002
F42 0.377 0.729 1.298 1.701 1.059 1.453 1.161 1.001 0.640 0.347 23.870 0.004
F224 1.040 1.240 1.268 1.592 0.836 1.846 0.338 0.769 0.759 0.335 10.370 0.321
F921 0.616 0.158 0.538 2.449 0.257 1.386 0.636 0.809 1.555 1.452 16.22 0.062
F922 0 0 0 0.092 0.227 2.088 2.106 2.012 1.464 0.724 168.630 0.001
F37 0.234 0.524 0.573 1.619 1.154 1.048 1.154 0.637 1.086 2.153 123.890 0.001
M6 0 0 0.965 0 0 2.720 1.999 0.657 1.544 0.304 9.570 0.386
M12 0.394 0 0 0 1.260 2.159 0.454 2.205 0.436 3.203 14.090 0.119
M38 0.203 0.150 0.419 0.414 0.283 1.465 3.202 0.732 1.693 1.566 51.480 0.001
m34 0.080 0.546 0.780 1.929 0.999 1.009 1.094 0.977 1.571 1.285 79.610 0.001
m289 3.912 1.003 0.656 0.407 0.202 0.043 0.225 0.990 0.900 1.143 114.410 0.001

Pooled 0.633 0.541 0.620 1.268 0.794 1.128 1.205 1.041 1.273 1.284 637.580 0.001
SE 0.441 0.096 0.100 0.256 0.152 0.035 0.031 0.031 0.016 0.074

–95% 0.231 0.353 0.422 0.767 0.497 0.761 0.861 0.697 1.025 0.749
+95% 1.527 0.729 0.818 1.769 1.091 1.495 1.549 1.385 1.521 1.819
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Fig. 3. Frequency of U.S. Highway 2 crossings by grizzly bears during 2001 plotted against mean traffic volume by hour, north-
west Montana, USA.

Fig. 4. Observed grizzly bear crossings of U.S. Highway 2 fitted to an exponential distribution with traffic volume categories, north-
west Montana, USA, 1999-2001.
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but 1 of the bears with GPS collars showed strong
crepuscular activity patterns regardless of their dis-
tance from highways. The exception was an adult
female (F14) with a diurnal activity pattern that
occupied a tightly constricted home range within
Glacier National Park. Morning highway crossings
occurred before the morning period of peak bear
activity, which was 0600–1100 hr. However, evening
highway crossings occurred during the peak of
evening bear activity, 1900–2300 hr (Fig. 5). None
of the crossings recorded with GPS occurred dur-
ing periods of precipitation. However, during
2001, precipitation was recorded on only 7 and 16
days at the Pendroy and Essex weather stations, re-
spectively. There did not appear to be any seasonal
patterns of crossing frequency.

Only 4 of the 39 recorded crossings of US-2 oc-
curred between fixes >1 hr apart. For 4 of 6 GPS-
marked bears that crossed highways, mean sequen-
tial movement distances and movement rates were
significantly greater when crossing highways than
when not crossing highways. Differences were sig-
nificant considering both mean 24-hr movements
(676 m further and 700 m/hr faster) and move-
ments only during those hours when highway cross-
ings occurred (543 m further and 573 m/hr faster).

Eleven of the 14 GPS-marked bears ventured
within 1 km of US-2 or MT-49. Based on their selec-
tion ratio statistics, most were highly selective of dis-
tance isopleths (Table 3). However, 1 individual
(m289) was unique in having selectivity for iso-
pleths closer to highways. This subadult male
spent large amounts of time within a riparian area
close to US-2. The variability introduced by this an-
imal resulted in the Friedman ANOVA failing to
detect selectivity (P = 0.370). With m289 excluded,
ANOVA results were significant (P = 0.034). We
observed increasing selectivity for distance isopleths
to an apparent asymptote within the 500–600-m cat-
egory (Fig. 6). Based on post hoc multiple compar-
isons, inspection of the matrix of rank differences
between isopleths, and groupings of similar cate-
gories based on significant differences, we chose dis-
tance isopleths 1–5 (0–500 m) as the disturbance
area surrounding the highway and railroad.

Most (64%) of the observed crossings of US-2
were made by 2 subadult bears, f37 and m289.
These crossings of US-2, when pooled with those
of 4 other GPS-marked bears, were significantly
clustered out to a scale distance of nearly 9 km,
with an exception at the 3–4 km bin. Crossings
were significantly dispersed at scales from 15 km

Fig. 5. Frequency of observed grizzly bear crossings of U.S. Highway 2 during 2001 plotted against mean grizzly bear movement
distance by hour, northwest Montana, USA.



J. Wildl. Manage. 69(3):2005 995ROADS, RAILS, AND GRIZZLY BEARS •  Waller and Servheen

to 26 km (Fig. 7). The strongest clustering we ob-
served was at the 1–2 and 5–6-km scales. Although
the clustering intensity was somewhat higher at
the 5–6-km scale, we selected the 1–2-km scale for
modeling in order to maximize spatial specificity
and because the first significant cluster repre-
sented the patch length (O’Driscoll 1998). As a re-
sult, we used a moving circle radius of 750 m (1/2
patch length) to calculate maximal cluster values
in the habitat models.

Modeling
In univariate tests, only distance to cover lacked

significance. The other factors attained signifi-
cance (P ≤ 0.05) at either the base scale or maxi-
mal cluster scale. Significance levels were at least
as great at the maximal cluster scale. The only cat-
egorical factor, cover type, was also significant at
both scales. All but the conifer forest cover type
contributed significantly to the total chi-square.
We found no significant multicollinearity among
the factors (r ≤ 0.51). The full model was signifi-
cant, but it contained many nonsignificant terms
and unstable standard errors (–2LL = 279.40, χ2 =

53.15, df = 12, P ≤ 0.001, AIC = 305.40). The low,
moderate, and high point distance terms dropped
out of the full model, as did distance to water, road
density and habitat quality. Our final, most parsi-
monious model (–2LL = 287.92, χ2 = 44.58, df = 6,
P 0.001, AIC = 301.92) consisted of only 3 para-
meters: elevation SD, distance-to-cover, and cover
type (Table 4). Distance-to-cover assumed signifi-
cance in multivariate models because of its inter-
action with cover type. Crossing areas in grassland
or shrub cover types were significantly closer to
cover than crossing areas in forested cover types.
Based on the sign and strength of parameter esti-
mates, crossing areas used by grizzly bears ap-
peared to be flatter, closer to cover in open cover
types, and more likely to be within grassland cover
types (Table 4). Thirty-eight percent of the ob-
served crossings of US-2 were made by m289, so as
expected, this individual had the largest effect on
model parameter estimates. Exclusion of this in-
dividual resulted in a much higher attraction for
grassland, shrubland, and conifer habitats and
strong avoidance of the deciduous forest cover
type, relative to the mixed-forest cover type.

Fig. 6. Selection ratios for 10 grizzly bears (m289 excluded) along U.S. Highway 2, northwest Montana, USA, 1999–2001. Mean
and standard errors of selection ratios calculated for each 100-m distance isopleth away from the highway. Values >1.0 indicate
selection, and values <1.0 indicate avoidance.
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We showed that grizzly bears’ highway crossings
were relatively frequent and successful; nearly half
of our sampled population successfully traversed
US-2. However, we also presented evidence that US-
2 affected grizzly bear movement patterns. All our
study animals crossed US-2 significantly less than ex-
pected under a random movement hypothesis. Our
grizzly bears crossed more often at night, even when
outside their normal periods of activity. And when
they did cross, they moved farther and faster than
normal. Grizzly bears were apparently choosing to
cross when they were less likely to encounter high-

way traffic. Hourly mean traffic during crossings was
half that of normal daytime traffic levels. This result
suggests that there was a threshold of acceptable
traffic level and/or that perceived vulnerability en-
couraged night crossings. Adult female grizzly bears
appeared to be the most sensitive to traffic, espe-
cially when accompanied by cubs, whereas subadults
and males appeared the least sensitive. This finding
somewhat contradicts that of Chruszcz et al. (2003),
who found that adult males were less likely to cross
low-volume highways than females were.

Chruszcz et al. (2003) found that traffic volume
was the single greatest determinate of road cross-
ings and that grizzly bears were reluctant to cross

Fig. 7. Plot of L(t) against distance, where L(t) is the difference between the observed number of highway crossings by grizzly
bears during 2001 and the simulated mean, northwest Montana, USA. Values of L(t) >0 indicate clustering, values <0 indicate
dispersion. We deemed values above or below the 95th percentile significant.

DISCUSSION

Table 4. Mean maximum likelihood estimates, their 95% confidence intervals, minimum and maximum values, and t statistics for
a model describing locations where grizzly bears crossed U.S. Highway 2, northwest Montana, USA, 2001.

0 – 95% + 95% Minimum Maximum SE t P

Constant –0.962 –2.643 0.720 –4.185 0.0534 0.654 –1.470 0.130
Elevation –0.144 –0.207 –0.082 –0.195 –0.030 0.024 –5.991 0.001
Distance-to-cover –0.021 –0.025 –0.016 –0.026 –0.016 0.002 –11.687 0.001
Grassland 1.772 0.441 3.102 0.537 4.175 0.517 3.423 0.008
Shrubland 0.181 –0.961 1.322 –0.888 2.289 0.444 0.407 0.348
Deciduous forest –2.698 –12.449 7.053 –21.663 1.203 3.793 –0.711 0.288
Conifer forest –0.277 –1.635 1.081 –2.198 1.879 0.528 –0.525 0.327
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roads with high traffic volume. It is difficult to
compare our study to that by Chruszcz et al.
(2003) because of fundamental differences in
methodology. However, Chruszcz et al. (2003) ob-
served that only 11 individuals of 74 crossed the
Trans-Canada highway during 12 years of re-
search. Gibeau (2000) observed that traffic vol-
umes on the Trans-Canada highway in Banff Na-
tional Park can exceed 20,000 vehicles/day, but
did not measure temporal changes in traffic vol-
ume. In Slovenia, Kaczensky et al. (2003) found
similar effects of a 4-lane highway with an esti-
mated traffic volume of 7,500 vehicles/day. In the
US-2 corridor, peak traffic volumes are only a
tenth that of the Trans-Canada highway and a
fourth that observed in Slovenia.

Our study, when considered with the work of
Gibeau (2000), Chruszcz et al. (2003), and Kaczen-
sky et al. (2003), indicates the existence of a
threshold traffic volume beyond which highways
become significant barriers to grizzly bear move-
ment. We hypothesize that this threshold occurs
near 100 vehicles/hr (Fig. 4). We believe that con-
nectivity was maintained across US-2 because
hourly traffic volumes decreased dramatically at
night, sometimes reaching zero vehicles/hr.

In our study area, grizzly bears had to contend
with both a highway and a railroad. While grizzly
bears appeared to make behavioral adjustments to
temporal patterns of highway traffic volume, they
were faced with a different situation along the rail-
road. During hours of low highway traffic, when
grizzly bears were choosing to cross US-2, railroad
traffic was high. Trains were more frequent,
longer, and faster at night than during daylight
hours. Furthermore, rail traffic was greater during
fall when bears were in hyperphagia. This situa-
tion arose for a number of reasons. First, most
track maintenance work was accomplished during
daylight hours; thus, freight traffic was often cur-
tailed during the day to allow track work to pro-
ceed. Second, arrival times for freight trains de-
pended partially on their departure time. Freight
trains loaded on the Pacific coast (approx 800 km
to the west) during the day left in the evening and
arrived in our study area at night the next day,
24–36 hr later. The result was that grizzly bears had
to contend with high railroad traffic when high-
way traffic was lowest. We observed greater grizzly
bear mortality caused by trains than that caused by
cars on the highway. Between 1980 and 2002, 29
grizzly bears were killed on the 109-km section of
railroad track between West Glacier and Brown-
ing, Montana, and 23 of these deaths occurred

within our study area. During this same period, 2
grizzly bears were killed by vehicles in the study
area (C. Servheen, U.S. Fish and Wildlife Service,
unpublished data). During our study, 2 radio-
marked grizzly bears were struck and killed by
trains, and none were killed on the highway within
the study area. Historically, grizzly bears have been
attracted to the railroad by grain that leaked from
cars along the tracks or that accumulated at sites
of repeated derailments, and grizzly bears have
been struck and killed by trains at these sites.
Since the mid 1990s, BNSF has been largely suc-
cessful in cleaning up and reducing the occur-
rence of grain spills, however, grizzly bears con-
tinue to be killed along this section of railroad.
Our GPS data did not show any concentrated re-
locations on the railroad tracks that suggested the
presence of an attractant. This research suggests
that the coincidence of high rail traffic volume,
low highway traffic volume, and natural grizzly
bear movement patterns may be partially respon-
sible for the observed patterns of mortality.

Collar-borne GPS technology greatly improved
our ability to assess the extent of highway crossings
by grizzly bears. With traditional bi-weekly aerial
telemetry, we missed 79% of the highway crossings.
Global Positioning System technology also allowed
us to examine fine scale avoidance of the highway
corridor. Mattson et al. (1987) found avoidance of
roads to 500 m for grizzly bears in Yellowstone Na-
tional Park using aerial relocation data collected be-
tween 1974 and 1983. Kasworm and Manley (1990)
found road avoidance occurring in a 274–915-m
zone in the Cabinet/Yaak ecosystem. Since that
time, other authors have used 500 m as an assumed
zone of influence (Mace et al. 1996). We also
showed avoidance of areas within 500 m of US-2,
supporting the contention that 500 m is a repre-
sentative zone of influence around high-use roads.
Conversely, Chruszcz et al. (2003) showed a prefer-
ence for areas within 1,000 m of low-volume high-
ways. However, our findings were based on more in-
tensive telemetry (hourly vs. weekly) on a smaller
number of individuals (11 vs. 24) over a shorter pe-
riod (3 yrs vs. 12 yrs), and at a finer scale (100 m vs.
200 m). Furthermore, such an analysis does not con-
sider the distribution of habitats within the zones.
Changes in topography can drastically alter the dis-
tribution of preferred habitats among the zones.
Chruszcz et al. (2003) suggest that the extreme
topography within Banff National Park constricts
bears to zones closer to roads than in other areas.

Spatial patterns of highway mortality suggest
that many species utilize specific crossing areas
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and that the use of crossing areas can be expected
to change seasonally as resource needs change
(Bellis and Graves 1971). One of our goals was to
identify crossing areas and describe their attrib-
utes. We were able to show that grizzly bear high-
way crossing locations were spatially clustered, and
we were then able to model the attributes of these
locations. However, we are not convinced that ter-
rain, distance to cover, and cover type were the only
factors affecting where grizzly bears cross highways.
Other factors that we could not model include
large-scale topographic position, bear density, and
relative position of different age/sex classes.
Chruszcz et al. (2003) found similar relationships,
but they also found that habitat quality influenced
crossings of high-volume highways. Our qualitative
assessment is that the large scale attributes of US-
2 provided for habitat connectivity. These attrib-
utes were low traffic levels, narrow road width, lim-
ited human developments, and expansive pristine
habitats on either side of the highway.

The highway corridor we studied was the converse
of that typically conceptualized in the literature—a
narrow strip of habitat in a matrix of human devel-
opment (Simberloff et al. 1992, Beier 1995, Forman
1995, Beier and Noss 1998). Rather, our corridor
was a narrow strip of human development in a ma-
trix of wild land. Such configurations have been
termed fracture zones (Servheen et al. 1998). This
fracture zone has the potential to act as a popula-
tion sink or trap because high-quality spring habi-
tats along the highway will tend to bring grizzly
bears into close proximity to traffic and human ac-
tivity. Also, population pressure may cause sub-
dominant grizzly bear sex/age classes, seeking to
avoid conspecifics, to place themselves within these
fracture zones (Mattson et al. 1987, Allen and
Sargeant 1993). We observed that situation here,
where a subadult male spent a large amount of time
in close proximity to US-2 and other developments.
Judging from our capture success within the corri-
dor, the area continues to provide resources for a
resident bear population, and even if the area is a
population sink, the result may be more grizzly
bears and continued connectivity (Pulliam 1988).
This suggests that we can continue to maintain large
scale habitat connectivity for grizzly bears despite
limited development (Boone and Hunter 1996).

MANAGEMENT IMPLICATIONS
Within our study area, mean hourly traffic levels

doubled since 1987 from 41.2 vehicles/hr to 77–91
vehicles/hr (Pedvillano and Wright 1987). Contin-
ued population growth in Montana’s intermontane

valleys will undoubtedly perpetuate this trend.
Thus, in the future we may expect the US-2 corri-
dor to become an agent of fragmentation requir-
ing mitigative action. Such actions may range from
radar-activated warning signs to bridges or tunnels
specifically designed for wildlife passage. Currently,
mean traffic volume during the time grizzly bears
cross US-2 the most (2300–0700 hr) is 10.9 vehi-
cles/hr (range 0–67, SD = 9.5). If highways become
impermeable at 100 vehicles/hr, then we expect
US-2 to become impassable to grizzly bears in 30 yrs
if the current traffic trends continue. Obviously, un-
foreseen developments could change this estimate.
During our study, there was a proposal to widen US-
2 into a 4-lane divided highway to encourage local
economic development. While the economic ben-
efits of such a project are debatable, the effects on
grizzly bears appear predictable. Planning for wild-
life passage now may offset some of the financial
burden of providing wildlife crossing structures
when they become a necessity. These results should
help planners anticipate when mitigative action is
required and provide insights as to where such ac-
tions should occur.
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Montana Crude Rail Routes Revealed 
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An analysis of waybills -freight receipts kept by railroad companies - shows that the vast majority of erode oil traveling on rails comes 

from the Bakken shale formation in North Dakota and moves on large trains that can be more than 100 cars long. This map shows a 

time-lapse view of where oil trains came from from 2012. For a.full explanation of this data, see, 'Train Waybills Unlock Crude Oil 

Mysteries." (http: 1/insideenerqu.o rq/2014/06/25(train-waubills-unlock-crude-oil-musteries() 

A dozen or more trains carrying crude oil from the Bakken region are moving across northern Montana every week, skirting the 

edge of Glacier National Park More trains - far fewer in number - pass through populated regions farther south. 

Governor Steve Bullock released the route information this week (https://www.evernote.com/shard/s427/sh/fa65zb90-491c-44ob-9670-

az92fbbeo3f9/657798dcee,i5540426dzeo3fc504df94), making Montana the latest state after Washington to buck railroads' requests to 

keep the information out of public hands. 

Federal officials began requiring railroad companies to provide route information to state governments this month. A steep rise in 

shipments in the past few years has led to a number of dangerous oil train accidents. 

Some rail carriers have been working out deals with states to withhold the data from the public. But, Montana says state open 

records laws require route information be released in their state. Andy Huff is Chief Legal Counsel in the Montana Governor's 

office. He points to the state's constitution, which has a very strong provision regarding the public's right to know. 

"(It) is a constitutional right for Montanans and people in Montana to examine government documents," he said. "And the only way 

we can prevent the public from viewing documents is if there's a privacy interest that outweighs the public right to know." 

The new crude oil disclosure rules come from the Federal Department of Transportation. Trains carrying more than a million 

gallons of crude oil from the Bakken region in North Dakota and Montana now have to tell states when and where those trains are 

rolling through. Bakken oil is believed to be more volatile than oil from other regions. 

The lack of public knowledge about the crude shipments has led to concern among many. 

"There's a rail line right in the middle of downtown Billings. There's one right in the middle of downtown Missoula, some of our 

biggest towns in Montana," said Derf Johnson, a staff attorney with the nonprofit Montana Environmental Information Center. 

"The devastation that could be caused if something were to go wrong, it's incredibly concerning." 

An oil train explosion in the small town of Lac-Megantic, Quebec killed almost fifty people last summer. This past April, hundreds 

were evacuated from downtown Lynchburg, Virginia after another fiery crash. The federal government wants first responders and 

emergency planners to know about these trains so they can be prepared for a worst case scenario. Railroad companies have been 

arguing that's all who should know. Several states like Wyoming and Colorado have agreed with the railroads and have said they will 

not publicly release the data. 

According to Inside Energy data analysis (http:/linsideenergy.org/2014/06/10/crude-by-rail-data-dive-one-rail-company-dominates/) , the 

rail company BNSF ships by far the most Bakken crude on its trains-So percent in fact. BNSF has said the release of this 

information harms their competitiveness, and they say it could compromise security (we have reported there may be other 

reasons.) 

Huff said they asked the Federal Railroad Administration about the companies' concerns. "They told us no, that it wasn't sensitive 

security information," he said. 

In a statement, BNSF said they will continue to supply the route information to state agencies. What happens then is apparently up 

to the states. 

(Submitted by Steve Young)



Environmentalist Derf Johnson is happy the public will have this information, but he hopes more steps are taken soon, such as 

increasing safety standards surrounding oil trains, increasing track inspections, and lowering speed limits. 

Inside Energy is a collaborative journalism initiative of partners across the US and supported by 
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Rail groups push feds to drop Bakken oil rul JUN 3 0 2015 
Transportation says notifying safety officials reasonable 
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Virginia emergency responders learn about the types of railroad tank cars in a safety class Monday at a CSX yard in 

Richmond, Va . About 66 first responders, including firefighters, participated in the daylong event. CSX uses its safety trc: 
train first responders in communities where it hauls large volumes of crude oil. (Curtis Tate/MCT) 

By Curtis Tate, Tribune News Service 

Published: October 6, 2014, 7:31 PM 
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WASHINGTON - Two railroad industry trade groups have quietly asked the U.S. Department of 

Transportation to drop its requirement that rail carriers transporting large volumes of Bakken crude oil notify 

state emergency officials. 

The railroads have maintained that they already provide communities with adequate information about hazardous materials 

shipments and that public release of the data could harm the industry from a security and business standpoint. But they haven't 
been successful in convincing numerous states or the federal government. 

On Friday, the Federal Railroad Administration published a notice in the Federal Register concluding that the Bakken train data 

isn't sensitive on either a security or commercial basis, nor is it protected from disclosure by any federal law. 

"At this time, DOT finds no basis to conclude that the public disclosure of the information is detrimental to transportation safety," the 
notice said. 

Bakken crude oil, from the Upper Great Plains, is extracted from shale rock through hydraulic fracturing , and it has been involved 

in multiple accidents that resulted in large spills and fires. A July 2013 derailment in Quebec killed 47 people. 

Friday's notice came in response to a letter Aug. 29 from the Association of American Railroads and the American Short Line and 

Regional Railroad Association . The trade groups requested that the department withdraw its May 7 emergency order requiring 
railroads to notify states of cargoes of 1 million gallons or more of Bakken crude oil. 

The DOT is seeking to make the order permanent. Initially, the railroads asked states to sign agreements that would exempt the 

information from open records laws, and many complied. Others refused , finding no reason the reports shouldn't be shared 
publicly. 

Copies of the notifications that news organizations obtained from those states show the counties the shipments traverse, the 

names of the routes and the approximate number of trains per week that met the department's reporting threshold. 
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Vernon Huffman · Top Commenter· Henry Cogswell College 

Scientists are predicting more dramatic changes in our planet from us burning up the first half of the petroleum 
and we're arguing over how much powerful corporations can disregard safety in scraping out the other half to 
burn. Maybe we deserve extinction. 
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Terence Jeffries · Top Commenter · Fort Vancouver High School 

Posting time and travel schedules is stupid! Only emergency responders need this information. 

Reply · Li ke · 1 · October 7, 2014 at 11 :06am 

Don Charles Steinke · Top Commenter· Works at Retired High School Science Teacher 

I tend to agree. The trains run right by 500,000 homes . 
. Oil train fire today near Saskatoon Saskatchewan. 
http ://news.nationalpost.com/2014/1 0/07 /massive-fi re-after-trai n-dera ils-in-central-saskatchewan/ 

Reply · Like · October 7, 2014 at 10:24pm 

Kris Paul · Venice , Italy 

That is what the ra ilroad trade groups are asking to do, "drop,its requirement that rail carriers 
transporting large volumes of Bakken crude oil notify state emergency officials". I know in my area 
emergency responders have been kept in the dark, they need to know! 

Reply · Like · October 10, 2014 at 3:11 pm 

niuu; ur AHElfCA Tom Gibson · Top Commenter · Camas, Washington 
YIJlll FOOD f""\111" '"""''-rl"'tm-.-.+ j,.. ,...,... """""' ,...., .. • h ...... f.h" .. ...,,,1 ... ,..,..,-a"' 1.1, i ll ....,,.,.,,h...,,hh, ..-..,,-.-.h , .... 11 1., ,...,...+ .. h ...... ir ,., .... ,, Th .... f. ,..h"11lrl h" f.,..1,-""' i ..... f.,.. 
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30 CWITJaE..~ consideration if keeping such information secret would impair the ability of communities to respond to another, 
inevitable, accident. A multiplier penalty should be sought if companies that want to send explosive toxins 
through our communities impede in any way our ability to plan and respond to the disaster that we all know will 
happen. If such impediments result in a single death then the company should be put to death and it's 
leadership imprisoned for conspiracy and racketeering in the commission of a crime. 

Reply · Like · October 7, 2014 at 10:02am 

Don Charles Steinke · Top Commenter · Works at Retired High School Science Teacher 

By the time the fire fighters arrive , a great deal of damage will be done. 
Sign this petition urging the governor to deny the permits for oil terminals . 
http ://campa igns .350 . o rg/petiti o ns/n o-o i 1-tra i n-te rmi n a 1-i n-va n co uver-wa 

Reply · Like · 4 · October 6, 2014 at 10:03pm 

- David Lee · League City, Texas 

Hey Don. I hope they run thousands of oil and coal trains into Vancouver. The more the better!!!!! 

Reply · Li ke · October 7, 2014 at 11 :47am 

Jon Alldritt · Top Commenter · Springfield High School (Oregon) 

Don Charles Steinke 

Funny oil money fighting oil trains and terminals along with the Keystone XL 

http ://www.rbf.org/grants_grantees/search/results?tid=All&field_grant 
_arnount_value%5Brange%5D&date_filter%5Brnin%5D%5Byear%5D&date_filter%5Bmax%50%5 
Byear%5D&keys=350.org&sort_by=field_grant_award_date_value&sort_order=DESC&ite 
ms_per_page=5 

Rep ly · Like · October 7, 2014 at 9:44pm 

Joseph Yeargan · LPN at Gentiva Home Health 

Folks, we are rendering this natural resource to china at a dirt cheap pricepoint compared to cost to our 
environment and national security .. not only the oil, but the water used to extract the oil--destroying our nation . 

Reply · Li ke · 5 · October 6, 2014 at 8:48pm 

Jon A lldritt · Top Commenter· Springfield High School (Oregon) 

Interesting that you live in South Lake Tahoe and show you know nothing about the permit aplication 
for the terminal and destination of the oil. Simply statedd you are a trole . 

Reply · Like · 1 · October 7, 2014 at 9:52pm 
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Amy Million - Crude by Rail Proposal 

From: Janette Wolf <janette.wolf@sbcglobal.net> 
To: "amillion@ci.benicia.ca.us" <amillion@ci.benicia.ca.us> 
Date: 9/15/20149:19 PM 
Subject: Crude by Rail Proposal 
CC: Birte Beuck <bbeuck@sbcglobal.net> 

Dear Ms. Million, 

Page 1 of 1 

R ECEIVE D 
SEP 1 6 2014 
CITY OF BENICIA 

COMM UNITY DEVELOPM ENT 

We have been following the conversations for and against Valero's Crude-by-Rail proposal. We don't 
normally get involved in political matters but feel so strongly about this proposal that we need to speak 
up. 

While we have no doubt that Valero has done wonderful things for our community over the years, we 
are in strong opposition to this proposal. Following are some of our reasons: 

• The federal government has given companies four years to phase-in the new, safer rail cars for 
carrying volatile oils. We're skeptical that Valero, whose primary goal is to make money, would 
voluntarily exceed federal standards by using the reinforced 1232 tanker cars, which are 
certainly more costly. We don't trust their reassurance that they will buy or lease the 1232 cars. 

• Benicia is not the only community impacted by this decision. The trains will have to travel through 
highly populated and forested areas. The potential hazard to people and wildlife, in our opinion, far 
outweighs any benefit our community would gain from Valero's proposed project. 

• We're also concerned about the fact that Valero has stated they are limited to process no more than 
165,000 barrels a day. They are currently refining 75,000 barrels a day, and have said that will not 
increase with this plan; but if this plan is approved, they could potentially push through many more 
trains so they can process up to their capability. If they increased their capability through 
improvements to their system, they could potentially process even more. 

We are opposed for many other reasons as well, ali of which have been previously articulated by others in 
opposition, and would be happy to talk with you if you'd like more information from us. Please feel free to cali 
us at 707.742.4254. 

Sincerely, 

Janette Wolf and Birte Beuck 
510 Grant Court, Benicia 94510 

file:IIIC :lUsers/millionlAppDataILocal/TemplXPgrpwise/541757D5BENICIA-GWBENIC... 9/1612014 



Amy Million - Comments on Valero Benicia oil train project 

From: "Anne Huber" <anneh@dcn.org> 
To: <bkilger@ci.benicia.ca.us>, <amillion@ci.benicia.ca.us> 
Date: 9115/20148:52 PM 
Subject: Comments on Valero Benicia oil train project 

Page 1 of 1 

R ECEIVE D 
SEP 1 6 2014 
CITY OF BENICIA 

COMMUNITY DEVELOPM ENT 

I have several comments on the Valero Benicia oil train project. Please add these comments to the public legal 
record on Valero's Crude By Rail Project and incorporate them as part of the review of its DEIR. 

1. Impact 4.6-1 regarding direct and indirect GHG emissions does not consider the potential indirect effects of 
increasing fossil fuel production. It is well known that increasing fuel supply helps to reduce fuel prices, thereby 
encouraging people to burn more fuel. 

2. Impact 4.7-2 regarding hazards associated with train accidents considers an almost 1 % risk of accident to be 
acceptable. My comments on this are: 
a. This risk should not be compared to the risk of traffic accidents. If driving were studied in an EIR, it would 
definitely have all sorts of significant impacts including risk of death. If you want to compare the 1 % figure to 
something, why don't you compare it to the threshold used in impact 4.7-1, which considers a cancer risk of 
10/1,000,000 to be significant. 
b. The 1 % risk is only for trains going from Roseville to Benicia. The oil would not be coming out of the ground 
in Roseville. The risk assessment should consider the full risk from the point of origin to the destination. 

3. There does not seem to be any consideration of the effect of the project on rail traffic. I have heard news 
stories about farmers being unable to ship their crops because the rail lines are clogged with fossil fuel trains. This 
type of problem will be further exacerbated by the Valero Project. Furthermore, passenger trains use the same rail 
lines that would be used by the oil trains. Passenger trains are already greatly affected by train traffic and this 
would become worse. 

As mitigation for increasing the availability of fossil fuels and impacting train traffic, Valero should contribute a 
portion of their profits to projects to develop separate rail lines for passenger train service. 

Anne Huber 
3322 Biscayne Bay Place 
Davis, CA 95616 

file :IIIC:/Users/millionlAppData/Local/Temp/XPgrpwise/541751A7BENICIA-GWBENIC... 9116/2014 







Dear Ms. Million, 
Please add my comments to the public legal record on Valero's Crude-By-Rail Project a ~~qorrmr:ate-them'1tS"~tt the 
review of its DEIR. 

As a resident of Sacramento, I live uprail from the proposed Project. The two 50-car trai 
come right through our downtown, passing close to schools, residences, and businesses. He~~~I4lia.tl~~~!iSJ 

1. How will Valero guarantee that tank cars meet the DOT standards currently under review immediately (not phased in over 
years), plus implement the previously mandated Positive Train Control technology, so uprail communities are protected? 

2. What are the daily and cumulative impacts and risks of transporting two extreme crude oils, tar sands and Bakken crude, 
through our cities, through our sensitive habitats, and over our water supplies? 

3. What are the cumulative impacts of the Valero daily trains in the context of the additional 3 daily oil trains being approved 
currently in Bakersfield and the one daily train to San Luis Obispo, all possibly traveling through Sacramento? Include the 
increased potential for spills, accidents, greenhouse gas emissions, conflicts of interest on the rails, etc. 

4. What is Valero's liability should there be a spill or accident on the oil trains en route to Benicia? Who carries enough 
coverage for a catastrophic incident? Will the taxpayers ultimately be responsible? 

5. Why are the boundaries of the DEIR limited only to travel from Roseville to Benicia and not extended at least to the 
borders of CA if not all the way to the extraction sites? The impact and risk analysis area should be considerably extended. 

Thank you, 

Name: Tom Monteith 

Address: 5821 Broadway City Sacramento Zip 95820 

Email: tommonteith@gmail.com 



Nancy 
Kitz 

1046 55th Street 
Sacr amento, CA 95819 

916 4406450 

nancy.kitz@comcast.net 

September 15, 2014 

Brad Kilger 
City Manager 
250 East L Street, Benicia, CA 94510 

Amy Million 
Principal Planner 
Community Development Department 
250 East L Street, Benicia, CA 94510 

Dear Mr. Kilger and Ms. Million, 

R ECEIVE D 
SEP 1 9 2014 
CITY OF BENICIA 

COMMUNITY DEVELOPMENT 

Re: Public comment on Valero's Crude By Rail Project 

As a resident of Sacramento, I live up-rail from the proposed Valero rail 
project, and the two 50-car trains will come right through our downtown, 
passing close to schools, residences, and businesses. I am very concerned 
about the impact of a crude oil trains rumbling and screeching through my 
community every day. ' -. . 

The Galifornia Envg:onrne~tal Quality Act (CEQA) and the CEQA 
Guidelihesireqiili1( that the environmental analysis for an Environmental 
liiipact;Report (EIR) must evaluate impacts associated with a project and 
identifY mitigation measures for any potentially significant impacts. This 
includes regional plans such as, applicable air quality attainment or 
maintenance plan or State Implementation Plan, area-wide waste 
treatment and water quality control plans, regional transportation plans, 
regional housing allocation plans, regional blueprint plans, plans for the 
reduction of greenhouse gas emissions, habitat conservation plans, natural 
community conservation plans and regional land use plans for the 
protection of the Coastal Zone, Lake Tahoe Basin, San Francisco Bay, 
and Santa Monica MOlmtains (CEQA Guidelines Section 15125[d]). 

According to the California Energy Commission, we can expect CA to 
import as much as 25% of its crude oil by rail within the next few years, 
translating into five or six trains per day passing through my community. 
Bakersfield and Kern County have recently approved, or are considering 
the approva~ of similar projects. This may mean dozens of trains moving 
oil through Sacramento in the near future. Given the cumulative impact of 
such increased crude-by-rail traffic, up-rail communities have much at 
risk and deserve a voice in the process. 
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Here are my concerns. 

THE EIR FAILS TO DISCUSS, MUCH LESS MITIGATE, THE 
FOLLOWING: 

1) Potential regional impacts on public safety, noise, air quality, 
energy conservation, transportation and safety and greenhouse 
gas emissions, to name a few. 

2) There are no Federal Safety Regulations governing Benicia's 
clUde by-rail scheme. 

3) . Tar saJids VliU be rilore energy intensive to refine and, moreover, 
cannot reach Benicia by mmine tanker. Due to the chemicals 
added to get the tar sands to flow into a rail car, the thick bitumen 
has a high sulflli· ,content and will be more dangerous to workers 
~l).dthreatening tathe air. 

4) The impact on climate change. Benicia has avoided disclissing 
the ultimate danger caused by extracting crude from the ground 
and, with the assistance of chemicals, transpOlting it through 

.. communities and sensitive habitats all across the country. 

. Please forWard my comments to the Planning Commissioners and 

. incorporate them as .part of review of its DEIR . 

' ,". . Thank you, 
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STATE CAPITOL 
P.O. BOX 942849 

SACRAMENTO, CA 94249-0001 
(916) 319-2001 

FAX (916) 319-2101 

DISTRICT OFFICE 
280 HEMSTED DRIVE, SUITE 110 

REDDING, CA 96002 
(530) 223-6300 

FAX (530) 223-6737 

E-MAIL 
Assemblymember.Dahle @assembly.ca.gov 

September 10, 2014 

~zzrmhll! 
QIctlifllrnht ~rgizlctfurr 

BRIAN DAHLE 
ASSEMBLYMAN, FIRST DISTRICT 

Amy Million, Principal Planner 
Community Development Department 
250 East L Street 
Benicia, CA 94510 

COMMITTEES 
VICE CHAIR: ENVIRONMENTAL 

SAFETY AND TOXIC MATERIALS 
VICE CHAIR: REVENUE AND TAXATION 
WATER, PARKS, AND WILDLIFE 

~ITY (~ BENICIA 
COM!'lUtJITY D~VELO?~;jF~n .. - -- ------ : 

Re: Valero Crude by Rail Project Draft Environmental Impact Report 

Dear Ms. Million: 

The City of Benicia worked with an environmental consultant, numerous outside 
experts and a CEQA attorney to develop the Draft Environmental Impact Report 
(DEIR) for Valero's Crude by Rail Project. Their efforts generated a thorough, 
comprehensive analysis of the project and its potential impacts under CEQA. 

The purpose of an Environmental Impact Report is to disclose to the public and 
decision-makers the impacts of a proposed project and what steps may be needed for 
mitigation. It is then up to City Leaders to review this expertise and determine if the 
project will be beneficial to the community. 

Benicia's Draft EIR did that and demonstrates that this project will provide significant 
benefits to the community, including fewer local air emissions and greenhouse gases, 
reduced likelihood of a spill of crude oil and reduced marine delivery of crude by as 
much as 25,550,000 barrels ayear. In addition,. this project will add a significant 
number of temporary and permanent local jobs and increase·tax revenues for Benicia. 

While the Draft EIR comprehensively addresses all issues under CEQA, it is important 
to recognize the jurisdictional limitations on the City of Benicia given federal 
preemption. Under federal law, issues regarding railroad operations and safety must 
be addressed at the national level to ensure cohesive transportation policies and 
community safety practices nationwide - ensuring the efficient movement of people 
and goods. Because of federal preemption, the City of Benicia and the Valero Benicia 
Refmery have no regulatory authority over Union Pacific's operations, which is not the 
project .applicant. 

Printed on Recycled Paper 



I commend the City of Benicia for this thorough Draft EIR and believe its fmdings 
affirm that this project will be good for the community. Furthermore, I support 
continued dialogue about railroad operations and safety at a national level and 
recognize the limitations set upon the City when reviewing the DEIR as it relates to 
these issues. 

Thank you, 

~jJ~ 
Brian Dahle 
Assemblyman, 1 s t District 





R ECEIVE D 
JAN 2 0 2015 

Proposed by Valero Benicia Refinery 

In April, 2014, Forbes Magazine reported that "more crude oil was spilled in U.S. rail incidents in 2013 
than was spilled in the previous thirty-seven years ." 

Many opponents of the proposed Benicia Crude by Rail project use this information as a piece of isolated 
data to argue against the project. 

In context, that information may provide a starting point for discussions between Valero and Benicia with 

the potential of moving off the entrenched and emotional stances taken on both sides. 

To wit: McClatchy DC tells us (as does Forbes) that "until just a few years ago, railroads weren' t 

carrying crude oil in 80- to 100-car trains . In eight of the years between 1975 and 2009, railroads 

reported no spills of crude oil. In five of those years, they reported spills of one gallon or less." 

What accounts for the dramatic increase in spills from rail cars? It seems to be at least in part due to the 

change from 30-car trains up to 80- to 100-car trains . These triple-sized, unwieldy trains are inherently 

more dangerous. 

What if the Crude by Rail project included with its other improved safety stipulations a return to shorter, 

safer trains? Why not ship this product on three 30-car stable, safer trains instead of one long unstable, 

unsafe 100-car train? 

Perhaps the added expense of this option could be offset when weighed against the potential of drawn-out 

litigation and stalled operations the current "talks" present. 

Conceivably, some of the fears and resistance in Benicia could be allayed with a common-sense measure 

such as this . 

Sincerely, 

Carolyn Plath 

465 West I Street 

Benicia, CA 94510 

707-297-6175 

http://www.forbes.com/sites/jamesconca/2014/04/26/pick-your-poison-for-crude-pipeline-rail-truck

or-boat/ 

http://www.mcclatchydc.com/2014/01/20/215143/more-oil-spilled-from-trains-in.html 



more lopsided. Almost all (97%) of natural gas and petroleum products are 
transported by pipe.lines COm,adian Energy Pipeline Association 
lhttp;J/www.repaoomD}. 

Amid a North American energy boom and a lack of pipeline capacity, crude oil 
shipping on rail is suddenly increasing. The trains are getting bigger and 
towing more and more tanker cars. From 1975 to 2012, trains were shorter and 
spills were rare and small, with about half of those years having no spills above 
a few gallons CfrarthJustice,om (http;//PJll1:AiPRtioo,om{bI91{2014-
march/explosive-crude-by-rail-ro1Js-in;to-main-street-omeriea)}. Then came 
2013, in which more crude oil was spilled in U.S. rail incidents than was 
spilled in the previous thirty-seven years. 

Crude is a nasty material, very destroctive when it 
spills into the environment, and veiy toxic when it 
contacts humans or animals, It's not even useful for 
energy, or anything else, until it's chemically 
processed, or refined, into suitable products like 
naphtha, gasoline, heating oil, kerosene, asphaltics, 
mineral spirits, natural gas liquids, and a host of 
others. 
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TRIAL NOW! 
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Note: PADD = Petroleum Administration for Defense Districts, five districts established by executive order 
during World War II for gasoline rationing. 

U.S. Rejinug Capadti, by PADD (Petrokwn Adminutrati.onfer Defense Dislrim) inaOJa. Source: ~ 
Rueardt Bffllwe; Bmrgy I'lfi,mtationAdmirdsiration 

Eveiy crude oil has different properties, such as sulfur content (sweet to sour) 
or density (light to heavy), and requires a specific chemical processing facility 
to handle it (Permian Basin Oil&Gas Chttp:l/pbo1,zaepubs.com/li1ht-sweet
cmde-and-reflneries-an-oyerload-in-the-makin1Dl. Different crudes produce 



cli:frerent amounts and types of products, sometimes leading to a glut in one m 
more of them, like too much natural gu liquids that drops their price 
dmmatically, or not enO'Ugh heating on that raises their price • 

.As an example, the second largest refinery in the United States, Marathon Oil's 
GaryVille Louisiana facility, can handle over 520,000 barrels a day (bpd) of 
heavy sour crude from places like Mexico and Canada but can't handle sweet 
domestic crude from New Mexico. 

Thus the reason for the Keystone Pipeline or 
increased ran transport - to get heavy tar sand crude 
to refineries along the GuH Coast than can bandJe it. 

The last entirely new petrolemn refinery in the 
United States opened in 1976 (Con;n:MioneJ 

Chttps; {lwww.fu.oq/sep/crs{rniKtB4339P,pdfl}. 
Since then, the number of refineries has steadily 
declined while refining capacity has concentrated in 
ever-larger facilities. 25% of U.S. capacityisfoUilClin TRIAL NOW! 
only eleven refinmes. Recently, Shell's Baytown 
refinery in Texas, the lugest in the nation, was 
expanded to 600,000 bpd. Most of the mg refineries can baocDe heavy crude, 
but many smaller refineries can IJroceB6 only 1igbt to inte.rmediate crude oil. 
most of which originates witbin the U.S. 

Thirty-three states have refineries, and most refineries can handle tens-of
thousands to hundreds-of-thousands ofbarrels per day, but the 'largest 
capacity sits around the Gulf Coast and in california where the on boom in 
America began. However, in the 1990s after production of sweet domestic 
crude had signi:fieantly declined from mid-century highs, the big companies 
like Exxon, Shell, CITCO and Valero spent billions upon billion of doilars to 
retool thm refineries to handle foreign heavy crudes. 



Crude Oil and Petroleum Products during Domestic Transportation 
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each six-year period. 
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With the number of refineries decreasing, and capacity concentrating in fewer 
places, erode usually has to be moved some distance. There are four ways to 
move it over long distances: by pipeline, by boat, by~ or by rail. Each has 
its unique problems and none is without harm. 

The question is: which is safest and which should we invest in most? Take two 
spills for comparison. 

The Quebec train wreck last year killed 47 people 
and spilled 1.5 million gallons of crude onto land 
lBloomberg.r.om 
lhttp:l/www.hloomberg,rom/news'2013-07-
07/quebeo:diSftster::spurs-ra.il-versus-pipeJines
debate-on-oil,hn»])). The Enbridge pipeline rupture 
in 2010 spilled over a million gallons of similar 
crude into the Kalamazoo River but did not kill 
anyone ('W'tldpedia 

{http:l/en,;wikiDe4ie om[wild@Jaroazoo River oil smJll>. 

Contamination of water is generally much worse for the environment than 
contamination of land as it spreads quickly over more area and impacts more 
species and habitat. But killing people makes a big difference. I don't want to 
put a price tag on human life, but the Government has, and it's about $8 
million a person <NYTimes 
lhttp: //www.nytjmes.com/2011/02/1z[business/economyj1izreplation.hhnl? 
hlnrl). 



So the Quebec train derailment cost over $400 million in human life, and will 
cost another $150 million or so for clean-up and rebuilding the town. The 
Enbridge pipeline cost no human lives but will cost about a billion dollars to 
clean-up and, like the Exxon Valdez, will never really succeed. 

Note: using this value of $8 million a person, we 300 million Americans are 
worth $2.4 quadrillion, hmm ... maybe not a good number. Ifwe use our net 
value for America as a whole, about $75 trillion, divide by 300 million people, 
then the average value of a human life in America would be $250,000. So the 
Quebec train derailment cost less than $12 million in human life. Thus the 
danger of trying to gauge the value of a human life. 

These are not easy questions and one's vested interest has a great deal of sway 
in the answer. You really do need to pick your poison. 

Like always, it will probably come down to money. And it won't be about jobs 
(Pipeline Jobs (http; //www,forbes.com/sites/ene~urce/2013/05/10 /pipe
dreams-how-many-jobs-will-be-created-by-keystone-xl/}), regardless of which 
end of the spectrum you believe, because there just isn't enough jobs to matter 
compared to the value of the oil itself and the refinery capacity. It's simply 
cheaper and quicker to transport by pipeline than by rail or by truck. The 
difference in cost is about $50 billion a year for shipping via the Keystone 
versus rail, totally eclipsing any economic effect of jobs in either direction. 

A rail tank car carries about 30,000 gallons ( + 42 
gallons/barrel = about 700 barrels). A train of 100 
cars carries about 3 million gallons (70,000 barrels) 
and takes over 3 days to travel from Alberta to the 
Gulf Coast, about a million gallons per day. The 
Keystone will carry about 35 million gallons per day 
(830,000 barrels). This puts pressure on rail 
transport to get bigger and bigger, and include more 
cars per train, the very reason that crude oil train 
wrecks have dramatically increased lately. 

The Congressional Research Service estimates that 
transporting crude oil by pipeline is cheaper than 
rail, about $5/barrel versus $10 to $15jbarrel (NYTimes.com 
fhtt;p://www.nytimes.com/2014 /04 /13 /us /rail-tralll!port-of-crude-oil
increases-as-pipeline-falls-short.html? r=o)). But rail is more flexible and 
has 140,000 miles of track in the United States compared to 57,000 miles of 
crude oil pipelines. Building rail terminals to handle loading and unloading is 
a lot cheaper, and less of a hassle, than building and permitting pipelines. 

It isn't acceptable to just say we shouldn't be moving oil, because we will for 
the next decade or more, no matter what. So, keeping in mind the difference 
between death/damage to humans and damage to the environment, which 
would you choose? 

Like a few weeks ago, I would appreciate just one comment from each person 
for the first 24 hours after posting so we can get a tally before we get into the 
normal animated back and forth debates. Below is some more information on 
each transportation mode. 



Two seemingly opposite facts -

1) from 1980 to 2012, the train accident rate in the 
United States feil SO percent, the rail employee 
injury rate fell 85 percent and the RR crossing 
collision rate fell 82 percent, but 

2) more crude oil was spilled in U.S. rail incidents in 
2013 than was spilled in the previous thirty-seven 
years. 

Huh? 

Using data from the Pipeline and Hazardous 
Materials Safety Administration, 1.5 million gaUons 
of crude oil were spilled from rail cars in 2013. On 

New Rule Has Drivers Furi~--

US drivers who drive less than 50 mi/day 
are in for a big surprise .. [continued here] 

the other hand, from 1975 to 2012, railroads spilled a total of 8oo,ooo gallons 
of crude oil CMcCJo;tcby 
(http; /lwww,rnooJntdlyrk,rom/2014/01/20/215143/more-oil::§JP]Jed-fimo
tgjgs-in bbnll; check out their great intemctive map of spills over space and 
time). 

Even worse, these data do not include rail accidents in Canada. 1.5 million 
gallons of crude oil spilled in a single day last-year in Lao-Megantic, Quebec, 
and 47 people were killed. The shipment did originate in North Dakota so take 
your pick of provemuwe. 

If crude oil shipping on rail is becoming a preferred mode for oil producen; in 
our North American enel'gy boom, this trend is very distwbing. In 2011, crude 
rail capacity between southern Alberta and the northern U.S. Great Plains 
tripled to about 300,000 barrels per day, about a third of the Keystone XL 
capacity. U.S. railroads delivered 7 million barrels of crude in 2008, 46 million 
in 2011, 163 million in 2012, and 262 million in 2013 (almost as much as that 
anticipated by the Keystone XL alone). To replace the Keystone XL with rail 
shipments would mean another doubling of rail capacity, but that would be 
just another couple of years given this trend. 

The A&!ociation of American Railroads points out that over 11 billion gallons of 
crude were shipped in 2013, so these spills account for only one-hundredth of 
one percent. On the other hand, the environment and people's health don't 
care about what made it though OK, just what was spilled. 

Our railroad infrastructure was not built to handle this mass of crude on its 
system and doesn't use enough specialty cars. J:f this trend continues, major 
infrastructure invesbnents need to occur an both sides of the border, as well as 
significant changes in protocol and regulation. 

Like: big oil trains have to go slower, or oil tank cars have to be har.ardous 
material ems. 

It turns out that the rail industry recently modifi,.A its guidelines in response 
to the Quebec derailment CConcnaigpnJ Bf'Rfflrnh Service 
~-(lwww fns,2:,:;;tsaitmtrnis;fB4339g,pJO> as fullows: 



• restrict tnin speeds to leas than so mph 

• increase the fl.'equency of trackmamtenance 

• install wayside defective equipment detectors, such as 
"hot boir' detectors, that detect wheels with faulty 
bearinp, every 40 miles, with specific protocols for 
conductors when deCeds are indicated 

• uae cmly'lraclc: in good condition to support speeds of 
2S mph or higher. 

Reducing train speed can reduce the number of cars 
that derail as well as the liteJibood that on will be 
released from those cars, or that explosions will 
result. 

TRIAL NOW! 

.Although the news is :6lled with comparisons between pipelines and trains, the 
third vector is trucks. While we can compare relative risks, the issue with 
trucking is that it takes lots and lots of trucks to move billions of gallons of 
crude since a smgle tank trailer only holds about 9,000 ga]Jons or 200 barre18> 
a little under a third of a rail car. Our present fleet only handles 4% of our 
needs, so shipping by truck instead of the Keystone XL would take another 
rnillion-end-a-half tanker trucks. Trucking :is the JD08l risky form of 'lnmsport 
from an accident standpoint (yes, driving is one of those tbinp, like smoking, 
that wiil always be in the top four most risky thin.gs to do - What's RMl1y 
GQuoo KillYou? 
Ch:ttp; //www.forbes.com/sitesljarnesm11m t2012/05/05/whats-mdJy:;o11on-
1n11-youQl and also from a spill standpoint. However, it is the lea5t impactive 
from an environmental standpoint since eadl truck is small and is mainly on 
land, so large spills to watenvays are less likely than any other mode of 
transport. 

What is important to note, however, is that regardless of the long-hauling 
mode, most petroleum eventually gets onto a truck for the short moves. This 
limits the tons-mile risk but increases the incident number risk. 

In a white paper about the dangers of transporting 
dangerous goods by truck, the canadian Trucking 
.Alliance repeats its long-fl:t:anding position that '"the 
feileral. government should. introduce a universal 
mmulate requiring aD. trucks, where~ driver is 
cu1'1'el1tly required to carry a logbook under the 
federal hours of seruwe regulations, to be eqwpped 
with an electronic recording device; and introdiwe 
a m.anufacturing standard (in lock-step with the 
United States) requiring aD. new heavy truclcs to be 
eqwpped with a roll stability sysmm" (Omudien 
Dm:1tj11r AIJinoce 

SEEAI.80 

How to l:n'Rlllt In Oil 

Oil bploration Jobs 

TopOilETFs 

Crude Oil F1lture.B 

AdChoices I> 

lhttp;//www.n,11mwk,ca/irniwvblic/Hom,e21AM/ConteutMnonmNet/Cont,entDisplay,upx? 
Section-Hmqez&<'md:tmt1D-13211.n.1n addition, the .Alliance wants aD 
Canadian provinces and U.S. states to follow Ontario's and Quebec's lead by 
requiring truck speed limitem. 



Boat 

Ship transport is possible along coastal waters and along large rivers and is the 
method that is used for almost all foreign imports except from Canada. The 
thing about ships is that they cany a lot of oil per boat and many of the largest 
spills in histoiy are from boats, such as the Exxon Valdez and the latest one 
from a collision in the Houston Ship Channel just last month (NOLA (NOLA)). 

Five out of the ten largest oil spills in U.S. histoiy were from boats (List of oil 
SPills {http://en.wikipedia.org/wiki/Llst of oil SPills}). Most important is 
that they have immediate impact on aquatic ecosystems both in the ocean, in 
rivers, or along shorelines that are usually sensitive habitats. I still don't 
understand why these keep happening with modem technologies to detect 
water depth and nearby boats. Human error needs to be better removed from 
this equation. 

Pipeline 

The most controversial transport mode today is pipeline, mainly because of 
the Keystone XL debate and the recent Pegasus and Enbridge pipeline 
ruptures. The industiy points to the generally good safety record in terms of 
percentages. Among oil pipeline workers, the rate hospitalization was 30 times 
lower compared to rail workers involved in transporting oil, and 37 times 
lower than for road transport, between 2005 and 2009, the latest period for 
which complete data exists {Intermodal Safety in the Transport of Oil 
Qrttp: //www.fraserinstitute.org/research-news/display.aspx?id=2049o}J. 

But pipeline spills are inevitable. About 280 pipeline spills occur each year in 
the U.S. that are deemed significant (USDOT 
(http; //primis,pbmsa,dot,&av /comm/reports/safro;/SigPSI.html? 
nocache=4z90# all}), that is, either there is a fatality or injuiy requiring in
patient hospitalization, it causes $50,000 or more in total costs (measured in 
1984 dollars), there are highly volatile liquid releases of more than 5 barrels or 
other liquid releases of more than 50 barrels, or there are liquid releases that 
result in an unintentional fire or explosion. 

Again, you'll notice that these measures are in human health and property 
damage, not environmental effects. Environmental impacts are veiy difficult 
to estimate and, in almost all cases, are not even attempted. 

In the end, all of these transportation modes can be made safer if stricter 
regulatory controls and modem technologies are emplaced, but the questions 
remain - can we make the industry comply and which ones do we want to 
invest in? 

Finally, what brave reader wants to calculate the value of an acre ofland 
destroyed by an oil spill? The EU recently allotted $100 per acre for removing 
pristine land for energy use, but this seems way too low. My muse suggests you 
start with Sierra Club, NRDC and EDF. 

Comment Now FolloW Comments 
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More oil spilled from trains in 2013 than in 
previous 4 decades, federal data show 
HIGHLIGHTS - - - - - - - - - - - - - - - - - ' •••••••••••••••••••••••••••••••••••••••• c - - - -- - - - - - - - - - -- - , •••••••••••••• c - - - - - - - - "• •••••••••••••••••• 

More crude oil was spilled in U.S. rail incidents last year than was spilled in the nearly four decades 
since the federal government began collecting data on such spills, an analysis of the data shows. 

A fireball goes up at the site of an oil train derailment Monday, Dec 30, 2013, in Casselton, N.D. The train carrying 
crude oil derailed near Casselton Monday afternoon. I ASSOCIATED PRESS 

BY CURTIS TATE - MCCLATCHY WASHINGTON BUREAU 

More crude oil was spilled in U.S. rail incidents last year than was spilled in the nearly four 
decades since the federal government began collecting data on such spills, an analysis of the 
data shows. 

Including major derailments in Alabama and North Dakota, more than 1.15 million gallons of 
crude oil was spilled from rail cars in 2013, according to data from the Pipeline and Hazardous 
Materials Safety Administration. 



By comparison, from 1975 to 2012, U.S. railroads spilled a combined 800,000 gallons of crude 
oil. The spike underscores new concerns about the safety of such shipments as rail has become 
the preferred mode for oil producers amid a North American energy boom. 

The federal data does not include incidents in Canada where oil spilled from trains. Canadian 
authorities estimate that more than 1.5 million gallons of crude oil spilled in Lac-Megantic, 
Quebec, on July 6, when a runaway train derailed and exploded, killing 47 people. The cargo 
originated in North Dakota. 

Nearly 750,000 gallons of crude oil spilled from a train on Nov. 8 near Aliceville, Ala. The 
train also originated in North Dakota and caught fire after it derailed in a swampy area. No one 
was injured or killed. 

The Pipeline and Hazardous Materials Safety Administration doesn't yet have spill data from a 
Dec. 30 derailment near Casselton, N.D. But the National Transportation Safety Board, which 
is the lead investigator in that incident, estimates that more than 400,000 gallons of crude oil 
were spilled there. Though no one was injured or killed, the intense fire forced most of 
Casselton's 2,400 residents to evacuate in subzero temperatures. 

The Association of American Railroads, an industry group, estimates that railroads shipped 
400,000 carloads of crude oil last year. That's more than 11.5 billion gallons, with one tank car 
holding roughly 28,800 gallons. 

Last year's total spills of 1.15 million gallons means that 99.99 percent of shipments arrived 
without incident, close to the safety record the industry and its regulators claim about 
hazardous materials shipments by rail. 

But until just a few years ago, railroads weren't carrying crude oil in 80- to 100-car trains. In 
eight of the years between 1975 and 2009, railroads reported no spills of crude oil. In five of 
those years, they reported spills of one gallon or less. 

In 2010, railroads reported spilling about 5,000 gallons of crude oil, according to federal data. 
They spilled fewer than 4,000 gallons each year in 2011 and 2012. But excluding the Alabama 
and North Dakota derailments, more than 11,000 gallons of crude oil spilled from trains last 
year. 

Last week, the principal Washington regulators of crude oil shipments by rail met with railroad 
and oil industry representatives to discuss making changes to how crude is shipped by rail, from 
tank car design to operating speed to appropriate routing. Transportation Secretary Anthony 
Foxx called the meeting productive and said the group would take a comprehensive approach to 
improving the safety of crude-oil trains. 

Foxx said the changes would be announced within the next 30 days. 
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Amy Million - AP EXCLUSIVE: DOT PREDICTS FUEL-HAULING TRAINS WILL DERAIL 10 TIMES A 
YEAR; COST $4 BILLION; 100' S KILLED 

From: 
To: 
Date: 
Subject: 

CC: 

<rogrmail@gmail.com> 
"'Amy Million'" <AMillion@ci.benicia.ca.us> 
2/23/2015 8:43 AM 
AP EXCLUSIVE: DOT PREDICTS FUEL -HAULING TRAINS WILL DERAIL 10 TIMES A 
YEAR; COST $4 BILLION; 100' S KILLED 
"Belinda Smith" <bsmitgo@hotmail.com>. "Don Dean" <donaldjdean@sbcglobal.net>. 
"George Oakes" <oakes@earthlink.net>. "Rod Sherry" <rsherry@csa-engineers.com>. 
"Stephen Young" <escazuyoungs@gmail.com>. "Susan Cohen Grossman" 
<susancg@pacbell.net>. "Suzanne Sprague" <Suzanne@solanolawgroup.com>. "'Brad 
Kilger'" <BKilger@ci.benicia.ca.us> 

Hi Amy - Please enter this into the public record on Valero Crude By Rail. 
- Roger Straw 

R ECEIVE D 
FEB 2 3 2015 

The Benicia Independent 
CITY OF BENIC IA 

COMMUNITY DEVE LOPMENT 

From Associated Press News 

AP Exclusive: Fuel-hauling trains could derail at 10 a year 

By Matthew Brown and Josh Funk, Feb. 22, 2015 12:00 PM ET 

BILLINGS, Mont. (AP) - The federal government predicts that trains hauling crude oil or ethanol will 

derail an average of 10 times a year over the next two decades, causing more than $4 billion in damage 
and possibly killing hundreds of people if an accident happens in a densely populated part of the U.S. 

The projection comes from a previously unreported analysis by the Department of Transportation that 
reviewed the risks of moving vast quantities of both fuels across the nation and through major cities. 
The study completed last July took on new relevance this week after a train loaded with crude derailed 

in West Virginia, sparked a spectacular fire and forced the evacuation of hundreds of families . 

Monday's accident was the latest in a spate of fiery derailments, and senior federal officials said it 

drives home the need for stronger tank cars, more effective braking systems and other safety 
improvements. 

"This underscores why we need to move as quickly as possible getting these regulations in place," said 
Tim Butters, acting administrator for the Transportation Department's Pipeline and Hazardous 

Materials Safety Administration. 

The volume of flammable liquids transported by rail has risen dramatically over the last decade, driven 
mostly by the oil shale boom in North Dakota and Montana. This year, rails are expected to move 

nearly 900,000 car loads of oil and ethanol in tankers. Each can hold 30,000 gallons of fuel. 

Based on past accident trends, anticipated shipping volumes and known ethanol and crude rail routes, 
the analysis predicted about 15 derailments in 2015, declining to about five a year by 2034. 

file:///C:/Users/million/AppData/Local/Temp/XPgrpwise/54EAE83ABENICIA-GWBENI... 2/23/2015 
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The 207 total derailments over the two-decade period would cause $4.5 billion in damage, according 
to the analysis, which predicts 10 "higher consequence events" causing more extensive damage and 
potential fatalities. 

If just one of those more severe accidents occurred in a high-population area, it could kill more than 
200 people and cause roughly $6 billion in damage. 

"Such an event is unlikely, but such damages could occur when a substantial number of people are 

harmed or a particularly vulnerable environmental area is affected," the analysis concluded. 

The two fuels travel through communities with an average population density of 283 people per 

square kilometer, ac_cording to the federal analysis. That means about 16 million Americans live within 
a half-kilometer of one of the lines. 

Such proximity is equivalent to the zone of destruction left by a July 2013 oil train explosion that killed 
47 people and leveled much of downtown Lac-Megantic, Quebec, the analysis said. 

Damage at Lac-Megantic has been estimated at $1.2 billion or higher. 

A spokesman for the Association of American Railroads said the group was aware of the Department of 

Transportation analysis but had no comment on its derailment projections. 

"Our focus is to continue looking at ways to enhance the safe movement of rail transportation," AAR 
spokesman Ed Greenberg said. 

Both the railroad group and the Railway Supply Institute, which represents tank car owners and 
manufacturers, said federal officials had inflated damage estimates and exaggerated risk by assuming 

an accident even worse than Lac-Megantic, which was already an outlier because it involved a runaway 
train traveling 65 mph, far faster than others that had accidents. 

To get to refineries on the East and West coasts and the Gulf of Mexico, oil shipments travel through 
more than 400 counties, including major metropolitan areas such as Philadelphia, Seattle, Chicago, 
Newark and dozens of other cities, according to routing information obtained by The Associated Press 
through public record requests filed with more than two dozen states. 

Since 2006, the U.S. and Canada have seen at least 21 oil-train accidents and 33 ethanol train accidents 
involving a fire, derailment or significant amount of fuel spilled, according to federal accident records 
reviewed by the AP. 

At least nine of the trains, including the CSX train that derailed in West Virginia, were hauling oil from 
the Northern Plains' Bakken region that is known for being highly volatile. Of those, seven resulted in 

fires. 

Both the West Virginia accident and a Jan. 14 oil train derailment and fire in Ontario involved recently 

built tank cars that were supposed to be an improvement to a decades-old model in wide use that has 
proven susceptible to spills, fires and explosions. 

file:///C:/Users/million/AppData/Local/Temp/XPgrpwise/54EAE83ABENICIA-GWBENI... 2/23/2015 
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Safety officials are pushing to make the tanker-car fleet even stronger and confronting opposition from 

energy companies and other tank car owners. 

Industry representatives say it could take a decade to retrofit and modify more than 50,000 tank cars, 

not the three years anticipated by federal officials, who assumed many cars would be put to new use 
hauling less-volatile Canadian tar-sands oil. 

The rail industry's overall safety record steadily improved over the past decade, dropping from more 

than 3,000 accidents annually to fewer than 2,000 in 2013, the most recent year available, according to 
the Federal Railroad Administration. 

But the historical record masks a spike in crude and ethanol accidents over the same time frame. 
Federal officials also say the sheer volume of ethanol and crude that is being transported - often in 

trains more than a mile long- sets the two fuels apart. 

Most of the proposed rules that regulators are expected to release this spring are designed to prevent 

a spill, rupture or other failure during a derailment. But they will not affect the likelihood of a crash, 
said Allan Zarembski, who leads the railroad engineering and safety program at the University of 

Delaware. 

Derailments can happen in many ways. A rail can break underneath a train. An axle can fail. A vehicle 

can block a crossing. Having a better tank car will not change that, but it should reduce the odds of a 

tank car leaking or rupturing, he said. 

Railroads last year voluntarily agreed to reduce oil train speeds to 40 mph in urban areas. Regulators 

said they are considering lowering the speed limit to 30 mph for trains not equipped with advanced 
braking systems. Oil and rail industries say it could cost $21 billion to develop and install the brakes, 

with minimal benefits. 

file:///C :/Users/million/AppData/Local/Temp/XPgrpwise/54EAE83ABENICIA-GWBENI.. . 2/23/2015 
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Executive	Summary	
 
The United States has experienced a dramatic growth in the quantity of flammable liquids being 
shipped by rail in recent years.  According to the rail industry, in the U.S. in 2009, there were 
10,800 carloads of crude oil shipped by rail.  In 2013, there were 400,000 carloads.  In the 
Bakken region, over one million barrels a day of crude oil was produced in March 2014,1 most of 
which is transported by rail. 
 
Transportation of flammable liquids poses safety and environmental risks.  The risk of 
flammability is compounded in the context of rail transportation because petroleum crude oil and 
ethanol are commonly shipped in large unit trains.  
 
In recent years, train accidents/incidents (train accidents) involving a flammable liquid release 
and resulting fire with severe consequences have occurred with increasing frequency (i.e. 
Arcadia, OH, Plevna, MT, Casselton, ND, Aliceville, AL, Lac-Mégantic, Quebec).   
 
The Pipeline and Hazardous Materials Safety Administration (PHMSA) and the Federal Railroad 
Administration (FRA) are proposing a Notice of Proposed Rulemaking (NPRM), titled 
“Hazardous Materials: Enhanced Tank Car Standards and Operational Controls for HHFTs,” in 
order to increase the safety of crude and ethanol shipments by rail.  We are proposing revisions 
to the Hazardous Materials Regulations (HMR; 49 CFR Parts 171-180) to establish requirements 
specific to high-hazard flammable trains (HHFTs), which would be defined as trains comprised 
of 20 rail car loads of a Class 3 flammable liquid.  As described in greater detail throughout this 
document, the proposed rule is a system-wide, comprehensive approach consistent with the risks 
posed by high hazard flammable liquids transported by rail. Specifically, requirements address: 
  

(1) rail routing restrictions;  
(2) tank car integrity;  
(3) speed restrictions 
(4) braking systems; 
(5) proper classification and characterization of mined liquid and gas; and 
(6) notification to State Emergency Response Commissions (SERCs). 

 
 

                                                 
1 Information regarding oil and gas production is available at the following URL: 
http://www.eia.gov/petroleum/drilling/#tabs‐summary‐2 
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Table ES1 summarizes major provisions of the proposal, and identifies those affected. 
 
Table ES1. Proposed Requirements 
 

Proposed Requirement Affected Entity 

Better classification and characterization of mined gases and liquids.   
 Written sampling and testing program for all  mined gases and liquids, such as 

crude oil, to address: 
 (1)  frequency of sampling and testing;  
(2) sampling at various points along the supply chain;  
(3) sampling methods that ensure a representative sample of the entire mixture;  
(4) testing methods to enable complete analysis, classification, and 
characterization of material; 
(5) statistical justification for sample frequencies; and, 
(6) duplicate samples for quality assurance.   

 Require offerer to certify that program is in place, document the testing and 
sampling program, and make program information available to DOT personnel, 
upon request. 

Offerors / Shippers of all  
mined gases and liquids 

Rail routing risk assessment.   
 Requires carriers to perform a routing analysis that considers 27 safety and 

security factors.  The carrier must select a route based on findings of the route 
analysis.  These planning requirements prescribed § 172.820 and would be 
expanded to apply to HHFTs. 

Notification to SERCs.   
 Require trains containing one million gallons of Bakken crude oil to notify State 

Emergency Response Commissions ( SERCs ) or other appropriate state delegated 
entity about the operation of these trains through their States.    

Reduced operating speeds.   
 PHMSA is requesting comment on three speed restriction options for HHFTs:  

(1) a 40-mph maximum speed restriction in all areas; 
(2) a 40-mph speed restriction in areas with a 100K+ population; and 
(3) a 40-mph speed restriction in high threat urban areas2. 

 If tank cars in the HHFT meet specifications finalized in the enhanced tank car 
section of this rule, speed would be limited to 50-mph in all areas (rather than 40-
mph). 

 PHMSA will also evaluate a 30-mph speed restriction for HHFTs that do not 
comply with enhanced braking requirements.  

Enhanced braking.  
 Require all HHFTs be equipped with alternative brake signal propagation systems.  

Depending on the outcome of the tank car standard proposal and implementation 
timing, all HHFTs would be operated with either electronic controlled pneumatic 
brakes (ECP), a two-way end of train device (EOT), or distributed power (DP).  

Rail Carriers, Emergency 
Responders 

Enhanced standards for both new and existing tank cars.   
 Require new tank cars constructed after October 1, 2015 (and are used to transport 

flammable liquids as part of a HHFT) to meet criteria for a selected option, 
including specific design requirements or performance criteria (e.g., thermal, top 
fittings, and bottom outlet protection; tank head and shell puncture resistance) is 
selected in the final rule.  PHMSA is requesting comment on  the following three 

Tank Car Manufacturers, 
Tank Car Owners, Shippers 
and Rail Carriers 

                                                 
2 As defined in 49 CFR 1580.3 – High Threat Urban Area (HTUA) means an area comprising one or more cities and 
surrounding areas including a 10‐mile buffer zone, as listed in appendix A to Part 1580 of the 49 CFR. 
 



4 
 

options:  
o FRA and PHMSA Designed Car, or equivalent 
o AAR 2014 Tank Car 
o Jacketed CPC-12323, or equivalent  

 Require existing tank cars that are used to transport flammable liquids as part of a 
HHFT, to be retrofitted to meet the selected option for performance requirements.  
Those not retrofitted would be retired, repurposed, or operated under speed 
restrictions for up to five years, based on packing group assignment of the lading.     

 
Table ES2 presents the costs and benefits of the individual provisions of the proposed rule. 
PHMSA is proposing three different options for tank car standards, and three different options 
for speed restrictions. Table ES3 presents the costs and benefits of the various combinations of 
proposed tank car and speed restriction provisions.  
 
Please note that because there is overlap in the risk reduction achieved between some of the 
proposed requirements listed in the Table ES2, below. The total benefits and costs of the 
provisions cannot be accurately calculated by summing the benefits and costs of each proposed 
provision. Table ES3, on the other hand, presents total benefits and costs of the combinations of 
speed restriction and tank car proposals. Explanation of the comprehensive benefits and costs of 
each combination of proposals is included at the end of the RIA.  
 
Please also note that, given the uncertainty associated with the risks of crude oil and ethanol 
shipments in the table below Table ES2 contains a range of benefits estimates. The low end of 
the range of estimated benefits estimates risk from 2015 to 2034 based on the U.S. safety record 
for crude oil and ethanol from 2006 to 2014, adjusting for the projected increase in crude oil and 
ethanol shipment volume over the next 20 years. Absent this proposed rule, we predict about 15 
mainline derailments for 2015, falling to a prediction of about 5 mainline derailments by 2034.  
 
The high end of the range of estimated benefits includes the same estimate of 5 to 15 annual 
mainline derailments predicted based on the U.S. safety record, plus an estimate that the U.S. 
would experience the equivalent of 10 additional safety events of higher consequence—nine of 
which would have environmental damages and monetized injury and fatality costs exceeding 
$1.15 billion and one of which would have environmental damages and monetized injury and 
fatality costs exceeding $5.75 billion—over the next 20 years. This outcome could result from a 
smaller number of more severe events, or more numerous events that are less severe.  
  

                                                 
3 Throughout this documents, the CPC 1232 refers to the “enhanced CPC 1232” tank car option described in the 
NPRM; these tank cars include an improved pressure relief valve and a removable bottom outlet valve handle. 
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Table ES2. 20 Year Costs and Benefits by Stand-Alone Proposed Regulatory Amendments 
2015-20344 
Provision 
 
Affected Section5 
 

Provision Benefits (7%) Costs (7%) 

49 CFR 172.820 Rail Routing+ Cost effective if 
routing were to 
reduce risk of an 
incident by 0.17% 

$4.5 million          

49 CFR 173.41 
Classification of Mined 
Gas and Liquid 

Cost effective if this 
requirement reduces 
risk by 0.61% 

$16.2 million 

49 CFR 174.310 
 

Notification to SERCs Qualitative $0 

Speed Restriction: 
Option 1: 40 mph 
speed limit all areas* 

$199 million – $636 
million $2,680 million 

Speed Restriction: 
Option 2: 40 mph 100k 
people* 

$33.6 million – 
$108 million $240 million 

Speed Restriction: 
Option 3: 40 mph in 
HTUAs* 

$6.8 million- $21.8 
million $22.9 million 

Braking: Electronic 
Pneumatic Control 
with DP or EOT#6 

 
$737 million – 
$1,759 million 

 
$500 million 

49 CFR Part 179 

Option 1: PHMSA and 
FRA designed car7  

$822 million -
$3,256 million 

$3,030 

Option 2: AAR 2014 
Tank Car  

$610 million – 
$2,426 million 

$2,571 

Option 3: Jacketed 
CPC-1232 (new const.) 

$393 million – 
$1,570 million 

$2,040 million 

 
 
Note: “+” indicates voluntary actions that will be taken by shippers and railroads 

                                                 
4 All costs and benefits are in millions over 20 years, and are discounted to present value using a 7 percent rate. 
5 All affected sections of the Code of Federal Regulations (CFR) are in Title 49. 
6 All Costs (equipping tank cars, equipping locomotives and training) and benefits (safety and business benefits) of 
ECP braking are included here.  Adding the costs and benefits of ECP braking and the PHMSA/FRA designed car will 
result in some double counting. 
7 Costs and benefits associated with equipping cars with ECP braking assigned to the PHMSA‐FRA designed car 
only. PHMSA allocated 80% of the safety benefits of ECP braking to the PHMSA/FRA designed car because that was 
the portion of ECP costs from equipping tank cars.  Adding the costs and benefits of ECP braking and the PHMSA‐
FRA designed car will result in some double counting. 
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“*” indicates voluntary partial compliance when transporting large volumes 
of crude oil in high-threat urban areas (HTUA) 
“#” PHMSA does not propose to require additional top fittings protection for 

retrofits, because the costs are not supported by corresponding 
benefits.  Newly constructed cars, however, are required to have 
additional top fittings protection.  Except for additional top fittings 
protection, the requirements for newly constructed tank cars and 
retrofits are the same. 

 
Table ES3: 20 Year Costs and Benefits of Combinations of Proposed Regulatory 
Amendments 2015-20348 
Benefits and Costs of Proposal Combinations 

Proposal Benefit 
Range 

Cost 

PHMSA and FRA Design Standard + 40 MPH System Wide, 7% 
Discount Rate 

$1,436 - 
$4,386 

$5,820 

PHMSA and FRA Design Standard + 40 MPH in 100K, 7% 
Discount Rate 

$1,292 - 
$3,836 

$3,380 

PHMSA and FRA Design Standard + 40 MPH in HTUA, 7% 
Discount Rate 

$1,269 - 
$3,747 

$3,163 

AAR 2014 Standard + 40 MPH System Wide, 7% Discount Rate $794 - 
$3,034 

$5,272 

AAR 2014 Standard + 40 MPH in 100K, 7% Discount Rate $641 - 
$2,449 

$2,831 

AAR 2014 Standard + 40 MPH in HTUA, 7% Discount Rate $616 - 
$2,354 

$2,614 

CPC 1232 Standard + 40 MPH System Wide, 7% Discount Rate $584 - 
$2,232 

$4,741 

CPC 1232 Standard + 40 MPH in 100K, 7% Discount Rate $426 - 
$1,626 

$2,300 

CPC 1232 Standard + 40 MPH in HTUA, 7% Discount Rate $400 - 
$1,527 

$2,083 

 
 
 
 
 
 
Crude Oil Transport by Rail 
 
                                                 
8 All costs and benefits are in millions over 20 years, and are discounted to present value using a 7 percent rate. 
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Figure ES4 below shows the recent strong growth in crude oil production in the U.S., as well as 
growth in the number of rail carloads shipped. Figure ES4 also shows forecasted domestic crude 
oil production from the Energy Information Administration (EIA) and PHMSA’s projected 
strong demand for the rail shipment of crude oil.  
 
Figure ES4. Historic and Projected U.S. Production and Rail Carloads of Crude Petroleum 
1990-2035 
 

 
 
Source: 2014 EIA forecast 
 
A rise in mainline derailments involving crude oil has also risen along with the increase in crude 
oil production and rail shipments of crude oil. Figure ES5 below shows this rise. 
 
Figure ES5. Carloads of Crude Oil Shipped and Rail Accidents (Derailments) 2000-2013  
 

 
Source: STB Waybill Sample and PHMSA Incident Report Database 
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Based on these train accidents, the projected continued growth of domestic crude oil production, 
and the growing number of train accidents involving crude oil, PHMSA concludes that the 
potential for a train accident involving crude oil has increased, which has raised the likelihood of 
a catastrophic train accident that would cause substantial damage to life, property, and the 
environment.  
 
Additional factors give rise to increased risks, and thus the increased probability of a catastrophic 
event occurring.  First, the risk of flammability is compounded, because of the practice of 
shipping very large quantities of oil in one train, as shown by the increased use of HHFTs. In 
2008 there were less than 10,000 rail carloads of crude oil.  By 2013 the number of rail carloads 
of increased to over 400,000.9 Second, unlike other Class 3 manufactured goods, organic 
materials from oil and gas production represent a unique challenge in regards to classification.  
Differences in the chemical makeup of the raw material can vary across wells and over time.  
Unprocessed crude oil may present unique hazards such as corrosivity, sulfur content and 
dissolved gas content, thereby affecting the integrity of the tank car.  
 
PHMSA’s analysis of this combination of factors suggests an increase in the risk of rail related 
accidents and an increase in the likelihood of a catastrophic event.  
 
Ethanol 
 
U.S. ethanol production has increased considerably during the last 10 years and has generated 
similar growth in the transportation of ethanol by rail, according to a recent white paper by the 
Association of American Railroads (AAR).10 As shown in the figure ES6 EIA projects strong 
demand for ethanol in the future. 
 

                                                 
9 http://www.stb.dot.gov/stb/industry/econ_waybill.html 
10 Association of American Railroads. 2013. Railroads and Ethanol. Available online at 
https://www.aar.org/keyissues/Documents/Background‐Papers/Railroads%20and%20Ethanol.pdf 
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Figure ES6. Historic and Forecasted U.S. Ethanol Production and Rail Carloads 2000-2035

 
Source: 2014 EIA forecast 
 
In 2008 there were around 292,000 rail carloads of ethanol.  In 2011, that number increased over 
40 percent to 409,000.11  Not surprisingly, this growth in rail traffic has been accompanied by an 
increase in the number of rail accidents involving ethanol. Figure ES7 below plots the total 
number of rail accidents involving ethanol during the last 13 years compared to the total carloads 
of ethanol. The left axis shows the total number of rail derailments and the right axis shows total 
carloads shipped. 
 
Figure ES7. Carloads of Ethanol Shipped and Rail Accidents (Derailments) 2000-2013  
 

 
 Source: STB Waybill Sample and PHMSA Incident Report Database 
 
Summary of Regulatory Changes 
 

                                                 
11 http://www.stb.dot.gov/stb/industry/econ_waybill.html 
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As described in greater detail throughout this document, the proposed rule is a system-wide, 
comprehensive approach consistent with the risks posed by HHFTs by rail. Requirements 
address:  
 

 Rail Routing;  
 Tank Cars; 
 Braking; 
 Speed Restrictions; 
 Classification of Mined Gases and Liquids; and 
 Notification to SERCs. 

 
This approach is designed to mitigate damages of rail accidents involving flammable liquids, 
though some provisions could also prevent accidents. 
 
This Preliminary Regulatory Impact Analysis (RIA) discusses, consistent with the NPRM, six 
requirement areas. Although we analyze the effects of individual requirements separately, the 
preferred alternative proposed in this rulemaking is a system-wide approach covering all 
requirement areas consistent with the NPRM.    
 
The analysis shows that expected damages based on the historical safety record could be $4.5 
billion and damages from higher-consequence events could reach $14 billion over a 20-year 
period in the absence of the rule.   

 

Introduction 

PHMSA is proposing to amend the Hazardous Materials Regulations (HMR; 49 CFR Parts 171-
180) to establish specific requirements for HHFTs.  The rulemaking concentrates on the 
following:	

	
Requirement Area 1: Rail Routing  
Requirement Area 2: Tank Car  
Requirement Area 3: Speed Restrictions  
Requirement Area 4: Braking  
Requirement Area 5: Classification of Mined Gas and Liquid 
Requirement Area 6: Notification to SERCs 
  
The NPRM is consistent with the goals of PHMSA’s HMR to: 
 

(1) Ensure that hazardous materials are packaged and handled safely and securely during 
transportation,  

(2) Provide effective communication to transportation workers and emergency responders 
of the hazardous materials being transferred, and  

(3) Minimize the consequences of hazardous materials releases should they occur. 
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Executive Order 12866, “Regulatory Planning and Review,” directs all Federal agencies to 
develop both preliminary and final regulatory analyses if their regulations are likely to be 
“significant regulatory actions” that may have an annual impact on the economy of $100 million 
or more. The more recent Executive Order 13563, “Improving Regulation and Regulatory 
Review,” January 18, 2011, emphasizes careful consideration of costs and benefits and directs 
agencies to use the best available techniques to quantify anticipated present and future benefits 
and costs as accurately as possible and to proceed only if the benefits justify the costs. 

This preliminary regulatory analysis was prepared in accordance with the guidance provided by 
the Office of Management and Budget’s (OMB) Circular A-412 on the development of regulatory 
analysis as required under Section 6(a)(3)(c) of Executive Order 12866, the Regulatory Right-to-
Know Act, and a variety of related authorities. 

This will be an economically significant rule under 3(f)(1) of Executive Order 12866; PHMSA 
has also designated the rulemaking as a “significant” regulatory action because it is of significant 
public interest. The rulemaking would also be significant under the Department of 
Transportation’s (DOT) regulatory policies and procedures (44 FR 11034; February 26, 1979). 
 
Title II of the Unfunded Mandates Reform Act of 1995 (“the Act,” 2 U.S.C. §1532) requires 
each agency to prepare a written statement for any proposed or final rule that includes a “Federal 
mandate that may result in the expenditure by State, local, and Native American Indian tribal 
governments, in the aggregate, or by the private sector, of $100,000,000 or more (adjusted 
annually for inflation) in any one year.” The value equivalent of $100 million in 1995, adjusted 
for inflation to 2012 levels, is $151 million. This proposed rulemaking does not impose 
enforceable duties on State, local, or Native American Indian tribal governments. The Act was 
designed to ensure that Congress and Executive Branch agencies consider the impact of 
legislation and regulations on States, local governments, and tribal governments, and the private 
sector.  With respect to States and localities, the Act was an important step in recognizing State 
and local governments as partners in our intergovernmental system, rather than mere entities to 
be regulated or extensions of the federal government.    
 
This proposed rulemaking would impose enforceable duties on the private sector of an 
annualized value of about $250 to $600 million over a 20-year period.  It likely would result  in 
costs to the private sector that exceed $151 million in any one year and those  costs and benefits 
associated with this rulemaking have been discussed under paragraph A, Executive Order 12866, 
Executive Order 13563, Executive Order 13610 and DOT Regulatory Policies and Procedures, of 
this section.  In addition, the RIA provides a detailed analysis of the public sector costs 
associated with the proposed requirements. The RIA is available in the public docket for this 
rulemaking. PHMSA invites comments on these considerations, including any unfunded 
mandates related to this rulemaking.  
 

Background	
 

                                                 
12 See http://www.whitehouse.gov/omb/circulars_a004_a-4 
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PHMSA’s mission is to protect people and the environment from the risks of hazardous materials 
transportation. To do this, PHMSA establishes national policy; sets and enforces standards, 
educates, and conducts research to prevent train accidents; and prepares the public and first 
responders to reduce consequences if accidents do occur.   

PHMSA is proposing revisions to the HMR in response to the recent train accidents involving 
HHFTs transporting crude oil and ethanol.  These proposed revisions would also respond to 
National Transportation Safety Board (NTSB) safety recommendations.  NTSB issued six safety 
recommendations to PHMSA and FRA on January 23, 2014, focusing on accurate classification, 
a more robust tank car standard, routing, oversight, and adequate response capabilities.13  
 
Portions of the NPRM were contemplated in PHMSA’s September 6, 2013, Advanced Notice of 
Proposed Rulemaking (ANPRM; 78 FR 54849).  In the ANPRM we requested public comments 
on issues raised in eight petitions and four NTSB recommendations regarding the rail transport 
of flammable liquids. In the ANPRM, PHMSA requested comments on amendments that would: 
   

(1) Establish a new enhanced tank car specification for HHFTs;  
(2) Add operational requirements to enhance the safe transportation of HHFTs;  
(3) Afford DOT greater discretion to authorize the movement of non-conforming tank 

cars;  
(4) Correct regulations that allow an unsafe condition associated with pressure relief 

valves (PRV) on rail cars transporting carbon dioxide, refrigerated liquid;  
(5) Revise outdated regulations applicable to the repair and maintenance of DOT 

Specification 110, DOT Specification 106, and ICC 27 tank car tanks (ton tanks); and  
(6) Except rupture discs from removal if the inspection itself would damage, change, or 

alter the intended operation of the device. 
 
This NPRM was developed based on comments received to the ANPRM, accidents that occurred 
since the ANPRM was issued, and communications to the agency from NTSB, Congress, and 
other stakeholders, such as tank car manufacturers, shippers and carriers. The NPRM deals with 
the first and second items of the above list—the other items will be addressed in a subsequent 
rulemaking. 
 

Market	Profile	of	Flammable	Liquids	
 
Flammable liquids include a wide variety of chemical products.  The items listed in the table 
below are generally considered Class 3 (Flammable liquids) and would be would be subject to 
the provisions of the proposed rule when shipped in a HHFT.  Substances with a flashpoint over 
100 °F would not be subject to the provisions of the NPRM.  Diesel fuel is one such example.  
Some materials like crude oil display a wide range of flash points and as such may not be subject 
to the provisions in all cases.  In other cases, a flammable liquid may be mixed with a non-
hazardous material to the point that the flash point is over 100 °F and would not be subject to the 
provisions of the NPRM (e.g. dilute solutions of alcohol).  

                                                 
13 NTSB Safety Recommendations: R14‐1 through 3 and R14‐4 through 6 
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As shown in the table below, approximately 68% of the flammable liquids transported by rail are 
comprised of crude oil, ethanol, and petrochemical or petroleum refinery products.  These 
include UN 1987 Alcohols, n.o.s. 14, UN1170 Ethanol, UN1219 Isopropanol, UN1230 Methanol, 
UN1267 Petroleum crude oil, UN1238 Petroleum distillates, n.o.s. and UN3295 Hydrocarbons 
liquid n.o.s.  Petrochemical or petroleum refinery products would include commonly shipped 
items like NA1993 Diesel fuel, NA1993 Combustible liquid n.o.s., UN1202 Diesel fuel, Gas oil, 
UN1203 Gasoline and UN1863 Fuel, aviation, turbine engine.  The table below and Appendix A 
provide summary information for the industries that produce the most flammable liquid. 
 
Further, as shown in the table below, ethanol and crude oil comprise approximately 65% of the 
flammable liquids transported by rail.  Generally, ethanol is shipped as UN 1170 Ethanol, 
UN1987, Alcohols n.o.s., or UN3475 Ethanol and gasoline mixture or Ethanol and motor spirit 
mixture or Ethanol and petrol mixture, with more than 10% ethanol.  Crude oil is shipped as 
UN1267 Petroleum crude oil, UN1268 Petroleum distillates, n.o.s. or Petroleum products, n.o.s., 
or UN3295 Hydrocarbons, liquid, n.o.s.  PHMSA does not expect any Class 3 (flammable liquid) 
other than crude oil or ethanol to be shipped in a HHFT. 
 
2012 Class 3 Tank Car Originations by Commodity15 

                                                 
14 Alcohols n.o.s. is a generic proper shipping name used to cover a variety of mixtures of alcohols such as ethanol 
mixed with methanol or isopropanol. 
15 Source: Annual Report of Hazardous Materials Transported by Rail by Association of American Railroads and 
Bureau of Explosives  
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According to a June 2012 white paper by the AAR, U.S. ethanol production has increased 
considerably during the last 10 years and has generated similar growth in the transportation of 
ethanol by rail. Between 2001 and 2012, the number of rail carloads of ethanol increased by 650 
percent.  Similarly the number of rail carloads of crude oil has also exponentially increased. 
Unfortunately, this growth in rail traffic has been accompanied by an increase in the number of 
rail accidents involving ethanol and crude oil. The figures below plot the total number of train 
accidents involving ethanol and crude oil, respectively, based on carloads shipped over the last 
13 years. 
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Carloads of Ethanol Shipped and Corresponding Rail Accidents (Derailments) 2000-2013 

 
 Source: PHMSA Incident report database, July 2014 and STB waybill sample 
 
Carloads of Crude Oil Shipped and Corresponding Rail Accidents (Derailments) 2000-2013 

 
Source: PHMSA Incident report database, July 2014 and STB waybill sample 
 
The U.S. is now the global leader in crude oil production growth.  With the growth in crude oil 
production there has been an increase in the quantity transported by railroads.  In the U.S. in 
2009 there were 10,800 carloads of crude oil originations transported by Class I railroads, and in 
2013, there were over 400,000 carloads of crude oil originations by Class I railroads.16   
 

                                                 
16 https://www.aar.org/newsandevents/Freight-Rail-Traffic/Pages/2014-03-13-railtraffic.aspx 
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Carloads of Crude Oil and Ethanol from 2000-2013

 
Source: STB waybill sample 
 
The Bakken region of the Williston basin is now producing over one million barrels of oil per 
day, most of which is transported by rail.17  The U.S. Energy Information Administration’s 
"Annual Survey of Domestic Oil and Gas Reserves” reports that in addition to North Dakota’s 
Bakken region, the shale plays in reserves in North America are extensive, as illustrated below.   
 

 
 North American Shale Plays 

                                                 
17 Information regarding oil and gas production is available at the following URL: 
http://www.eia.gov/petroleum/drilling/#tabs‐summary‐2 
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Determination	of	Need	
 
The principal anticipated benefit associated with the proposed rulemaking is a reduction in the 
risk of HHFT accidents and mitigation of the consequences when such accidents do occur.  The 
following discussion provides an overview of PHMSA’s and FRA’s concerns by first discussing 
rail accidents involving large volumes of flammable liquids, which forewarns of potential 
catastrophic train accidents in the future, and concludes with an appraisal of the regulatory 
options PHMSA is considering to limit future releases.  
 
The market failure at issue is that the shippers and rail companies are not insured against the full 
liability of the consequences of incidents involving hazardous materials. As a result, these events 
impose externalities. Among Class I railroads, a self-insured retention of $25 million is common, 
though it can be as much as $50 million, especially when TIH material is involved. Smaller 
regional and short line carriers, i.e., Class II and Class III railroads, on the other hand, typically 
maintain retention levels well below $25 million as they usually have a more conservative view 
of risk and usually do not have the cash-flow to support substantial self-insurance levels. At this 
time, the maximum coverage available in the commercial rail insurance market appears to be $1 
billion per carrier, per incident.18 While this level of insurance is sufficient for the vast majority 
of accidents, it appears that no amount of coverage is adequate to cover a higher consequence 
event. One example of this issue is the incident that occurred at Lac Mégantic, Quebec, in July of 
2013. The rail carrier responsible for the incident was covered for a maximum of $25 million in 
insurance liability and had to declare bankruptcy because that coverage and the companies 
remaining capital combined were insufficient to pay for more than a fraction of the harm that 
was caused. This is one example where rail carriers and shippers may not bear the entire cost of 
“making whole” those affected when an incident involving crude and ethanol shipment by rail 
occurs.  
 
Another issue is that shippers, though responsible for packaging the material, and buying or 
leasing the tank cars in which these products are shipped, do not generally bear any liability for 
an incident once a rail carrier has accepted shipment, and rail carriers cannot refuse shipments. In 
addition, rates rail companies can charge to move these commodities are regulated by the 
Surface Transportation Board, carriers are constrained in their ability to unilaterally raise rates. 
Shippers, by virtue of not bearing liability, may lack an appropriate full incentive to ensure that 
the package is adequate to appropriately address the level of risk. 
 
Rail Accidents 
As is required of all accidents involving a release of hazardous materials in transportation in the 
United States,19 derailments are reported to PHMSA and are recorded in the hazardous materials 
incident report database. As described in Appendix B, train accidents involving a release of 
flammable liquids and subsequent fire have occurred with increasing frequency, including: 
 

 a train carrying crude oil derailed and ignited near Casselton, ND prompting authorities 
to issue a voluntary evacuation of the city and surrounding area.  (December 2013); 

                                                 
18 http://www.dot.gov/office‐policy/transportation‐hazardous‐materials‐insurance‐security‐and‐safety‐costs 
19 See 49 C.F.R 171.15, 171.16. 
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 a train carrying crude oil to the Gulf Coast from North Dakota derailed in Aliceville, 
Alabama, spilling crude oil in a nearby wetland and igniting into flames (November 
2013); and 

 an unattended train carrying crude oil derailed in Lac-Mégantic, Quebec, Canada that 
caused the deaths of forty-seven individuals, extensive damage to the town center, and 
the evacuation of approximately 2,000 persons from the surrounding area (July 2013). 

 
The Lac-Mégantic accident resulted in economic losses preliminarily estimated at more than $1 
billion.20 On August 2, 2013, FRA issued Emergency Order No. 28 which identified the 
following:  
 

 Crude oil is problematic when released because of its flammability, and the risk is 
compounded because it is commonly shipped in large volume, 

 Similar dangers exist with other hazardous materials such as ethanol, which was 
transported via rail more than any other hazardous material in 2012, 

 Although the Lac-Mégantic accident occurred in Canada, the freight railroad operating 
environment in Canada is similar to that in the United States. 

 
On January 23, 2014, in response to its investigation of the Lac-Mégantic accident, the NTSB 
released a report stating that at least 60 of the 63 derailed DOT Specification 111 tank cars 
released a total of about 1.6 million gallons of crude oil. According to the NTSB, “The Lac-
Mégantic accident shows that railroad accidents involving crude oil have a potential for 
disastrous consequences and environmental contamination equal to that of the worst on-shore 
pipeline accidents.”   
 
Because this accident occurred in a relatively small town with low rail traffic volumes, the 
damages are much less than if the accident had occurred in a congested area with a high 
population density.21 PHMSA and FRA are taking this regulatory step to mitigate accidents 
involving HHFTs, including accidents that could occur ‘on the scale of’ or ‘greater than’ a Lac-
Mégantic accident from happening in the United States, as well as lower consequence events that 
do not involve outsized environmental and property damages or multiple fatalities.  
 
Table 1 below and Appendix B highlight this risk by summarizing the impacts of recent 
accidents involving HHFTs of crude oil and ethanol.  While not all accidents involving crude oil 
and ethanol release as much product or have as significant consequences as those shown in this 
table, these accidents indicate the potential harm from future releases.      
 
 
 

                                                 
20 Please see Appendix C for a description of how these costs were estimated. 
21    According to the Canada 2011 Census, Lac‐Mégantic had a population of 5,932. The town occupies a land area 
of 21.77 square kilometres (8.41 sq mi) and a population density of 272.5 inhabitants per square kilometre (706 
/sq mi).  Source;  http://www12.statcan.gc.ca/census‐recensement/2011/dp‐
pd/prof/details/page.cfm?Lang=E&Geo1=CSD&Code1=2430030&Geo2=PR&Code2=24&Data=Count&SearchType=
Begins&SearchPR=01&B1=All 
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Table 1: Major Crude Oil/Ethanol Train Accidents in the U.S. (2006-2014) 

Location 

Date 
(MM/
YY) 

Numb
er of 
Tank 
Cars 
Derail
ed 

Numbe
r of 
Crude 
oil/etha
nol 
cars 
penetra
ted 

Speed at 
Derailment 
in Miles per 
Hour (mph) 

Material 
and 
Type of 
Train 

Product 
Loss 
(Gallons 
of Crude 
or 
Ethanol) Fire 

Type of Train 
Accident or Cause 
of Train Accident 

LaSalle, 
CO 05/14 5 1 9 

Crude 
Oil 
(unit) 5,000 No 

To Be 
Determined 
(TBD) 

Lynchburg, 
VA 04/14 17 2 23 

Crude 
Oil 
(unit) 30,000 Yes TBD 

Vandergrift
, PA 02/14 21 4 31 

Crude 
Oil  10,000 No  TBD 

New 
Augusta, 
MS 01/14 26 25 45 

Crude 
Oil  90,000  No TBD 

Casselton, 
ND 12/13 20 18 42 

Crude 
Oil 
(unit) 476,436 Yes Collision 

Aliceville, 
AL 11/13 26 25 39 

Crude 
Oil 
(unit) 630,000 Yes TBD 

Plevna, MT 08/12 17 12 25 Ethanol 245,336  Yes TBD 

Columbus, 
OH 07/12 3 3 23 Ethanol 53,347  Yes 

TBD--NTSB 
Investigation  

Tiskilwa, 
IL 10/11 10 10 34 Ethanol 143,534  Yes 

TBD--NTSB 
Investigation 

Arcadia, 
OH 02/11 31 31 46 

Ethanol 
(unit) 834,840  Yes Rail Defect 

Rockford/ 
Cherry 
Valley, IL 06/09 19 13 19 

Ethanol 
(unit) 232,963  Yes Washout 

Painesville, 
OH 10/07 7 5 48 Ethanol 76,153  Yes Rail Defect 
New 
Brighton, 
PA 10/06 23 20 37 

Ethanol 
(unit) 485,278  Yes Rail Defect 

 
 
Precursors and Forewarnings 
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To consider the likelihood of future catastrophic accidents in the absence of regulatory changes, 
PHMSA analyzed modal transportation data, historical accident data and the market forecasts for 
crude oil and ethanol.  
 
In general, PHMSA and FRA found that several factors give rise to higher expected damages and 
probability of a catastrophic event. First, the volumes of crude oil and ethanol carried by rail are 
relatively large when compared to rail shipments of other flammable liquids.  In particular, the 
volume of crude oil shipped by rail has been increasing rapidly during the past several years. 
Second, the crude oil originating in the Bakken oil fields is volatile which increases the risks 
while it is in transportation.  Finally, crude oil and ethanol are shipped in HHFTs, compounding 
the risk when an accident does occur.  
 
Due to these recent changes, PHMSA and FRA have concluded that the historical train accident 
record alone cannot determine the probability of a catastrophic event.   
 
Appraisal of Proposed Regulatory Standards 
 
In the absence of PHMSA regulatory action (no action alternative), current requirements would 
remain in place, and no new provisions would be added.  In this case, the safety and 
environmental risks related to HHFTs would not be addressed.  A lack of action by PHMSA 
would ignore the significant consequences experienced in serious train accidents such as in Lac-
Mégantic, Quebec and Aliceville, AL.  To appropriately mitigate the societal costs of future 
accidents, PHMSA has worked closely with FRA to take regulatory action that will prevent and 
mitigate future train accidents.  

Benefits	of	Proposed	Requirements	
 
The benefits of the proposed requirements include averted damages from higher consequence 
events and lower consequence events.  The methodology used to calculate benefits is 
documented in this section. 
 
The RAND Corporation has defined risk as the product of threat, vulnerability, and 
consequence.22 That is, 
Risk = Threat × Vulnerability × Consequence, 

where: Threat is the probability of an adverse event, Vulnerability is the probability that an 
adverse event will result in damage given that the adverse event has occurred, and Consequence 
is the expected damage for an adverse event that does cause damage.23 Although this definition 
was previously developed for a terrorism risk management context, RAND’s definition is broad 
enough to cover other risk circumstances. Using the following definitions, the equation can be 
used to quantify the risk of events being mitigated by the proposed regulations: 
 

                                                 
22Henry H. Willis, Andrew R. Morral, Terrence K. Kelly, Jamison Jo Medby, Estimating Terrorism Risk, RAND Center 
for Terrorism Risk Management Policy, 2005. 
23Ibid. 
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 Threat: Probability of a major rail accident involving multiple tank cars 
carrying flammable liquid. 

 Vulnerability: Given that an accident has occurred, the probability of a 
release of flammable liquid resulting in substantial damages.  This factor also 
may be referred to as the conditional probability of release (CPR). 

 Consequence: Based upon estimated damages. 
 

Estimated benefits resulting from averted damages consists of two elements: 

(1) An estimation of the probability of HHFT accidents involving flammable liquids 
in absence of the NPRM and an estimation of the expected damages from 
accidents extrapolated , from the existing U.S. safety record  (we term these 
“lower-consequence events”); and 

(2) An estimation of how many higher-consequence events might occur in absence of 
the NPRM and an estimation of expected damages from those higher-
consequence events (the “additional higher-consequence events” range of 
estimates). 

 
(1A) Probability of Major Rail Accident Based on U.S. Safety Record 

PHMSA used the following methodology to estimate the probability of a major train accident 
involving multiple tank cars carrying flammable liquids.  

To estimate the number of derailments associated with the movement of flammable liquids, we 
used FRA’s Derailment Database and the Public Waybill Sample to develop an 18-year 
historical series on annual derailments per million rail carloads, across all commodities.24,25 The 
Surface Transportation Board (STB) collects cargo waybill data under the requirements that all 
U.S. railroads that terminate more than 4,500 revenue carloads must submit a yearly sample of 
terminated waybills. This information provides an indication of the volume of freight rail traffic.  
We combined these figures with data obtained through rail accident and incident reports 
submitted to FRA on from Form FRA F 6180.54, “Rail Equipment Accident/Incident Report” to 
develop derailment rates.  Rail carriers are required to report accidents that occur on the 
following types of track: main, yard, siding and industry. For this analysis we examined only 
derailments that occurred on mainline track because we believe that the proposed rule will do 
little to mitigate the derailments that occurred in rail yards.26 Due to limitations in the reported 
data, it is impossible to isolate the derailment rate of only crude oil and ethanol trains.  A second 
limitation of this analysis is that it is based on carload data which does not account for distance 
travelled per train.  We use an 18-year time period to obtain the largest possible sample size and 
waybill data is not readily available by carload prior to 1995. These data are shown in the 
following table:   

 

                                                 
24 http://safetydata.fra.dot.gov/officeofsafety/publicsite/Query/incrpt.aspx 
25 http://www.stb.dot.gov/stb/industry/econ_waybill.html 
26 For the purposes of the HMR, the term movement is defined in 49 CFR § 171.8. 
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Table B1. Carloads Shipped and Derailment Rates, All Commodities 

 

Source:  STB Waybill sample http://www.stb.dot.gov/stb/industry/econ_waybill.html 

PHMSA used the trend in this series to extrapolate the number of derailments per million 
carloads throughout the forecast horizon (2013 – 2034), using the equation shown in the chart 
below (derailments per million carloads = -1.2521*year + 2564.5). This trend was based on 
derailments for all commodities because neither PHMSA nor FRA databases capture all 
derailments of all trains carrying crude and ethanol. PHMSA requires an incident report to be 
filed if a hazardous material is released, so derailments that do not result in a release are 
generally not represented in the PHMSA database. FRA’s derailment database lists whether a 
derailed train was carrying any quantity of hazardous material, whether or not material released, 
but does not provide the type of hazardous material present on the train. As a result, it is 
impossible to use FRA data to identify crude and ethanol derailments. We experimented with 
other functional forms but none fit the data better than the linear trend and all produced nearly 
identical predictions, so we used the linear trend for simplicity’s sake.  
 
PHMSA estimated this trend using data for all derailments (e.g., both yard movement and 
mainline derailments).  Mainline derailments have declined at a sharper rate than all derailments 
over the past 20 years.  However, the estimates that result from using the mainline derailment 
trend alone to project future derailment rates did not seem credible to subject matter experts, 
because that trend would forecast derailments of crude and ethanol trains to fall to essentially 
zero by 2026.  Subject matter experts contend that, generally, mainline track and car 
maintenance tend to be related to the total volume of rail shipments, and the recession that 
started in 2007 may have influencing the mainline derailment trend. Higher volume often means 
more volume of traffic on rail lines between maintenance, as well as higher car utilization rates, 

Year Carloads Derailments Derailments per million carloads
1995    29,045,247 1742 59.98
1996    29,723,309 1816 61.10
1997    30,136,925 1741 57.77
1998    31,311,638 1757 56.11
1999    31,966,252 1961 61.35
2000    32,890,352 2112 64.21
2001    32,832,391 2234 68.04
2002    33,385,605 1989 59.58
2003    34,912,071 2133 61.10
2004    35,495,079 2435 68.60
2005    36,897,468 2305 62.47
2006    38,499,461 2197 57.07
2007    37,371,510 1934 51.75
2008    34,817,858 1790 51.41
2009    30,253,710 1370 45.28
2010    33,328,373 1335 40.06
2011    33,845,323 1468 43.37
2012    34,377,852 1288 37.47
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which also results in more ton miles per car between maintenance. As a result, volume affects 
derailment rates. Rail freight volumes declined significantly in 2008 and had yet to rebound to 
pre-recession levels by 2012. Concern that the recession may be influencing the steepness of the 
trend led PHMSA to use a trend based on all derailments.  

The trend we estimated results in a 141 percent increase in volume shipped per derailment (total 
predicted carloads shipped divided by predicted derailments) for crude and ethanol shipment 
from 2014 to 2034. Looking at mainline derailments for all commodities, the number of carloads 
shipped per derailment increased by 138 percent from 1995 through 2012. The estimated trend, 
adjusted for volume, seems fairly consistent with the historic decline in mainline derailments for 
all commodities, adjusted for volume. PHMSA seeks comment on whether an alternative 
approach would produce more accurate results.  

Figure B2. Estimated Derailments per Million Carloads 

 

 Source STB Waybill Sample and FRA Office of Safety Analysis 

(1B) Estimating Mainline Derailments 

To predict the expected number of future HHFT mainline derailments in the absence of the 
NPRM, we assume that the trends in derailments for crude oil and ethanol will be consistent with 
other commodities.  We projected derailment rates for all commodities, based on the trend 
equation computed above.  PHMSA chose not to separate crude oil and ethanol into separate 
baselines because the materials present similar hazards and are transported in a similar way.  
Next, we used 2014 EIA data to project future carloads of crude and ethanol—these are in 
Column 2 of Table B3, below.  We multiplied the projected derailment rates by the projected 
carloads to obtain the expected total annual derailments for crude and ethanol, these can be found 
in Column 3 of the table below.  Finally, to project mainline derailment rates for crude and 
ethanol, we assume that the share of derailments that occur on mainline track is the same for 
crude and ethanol as it is for all commodities. The FRA derailment data from 1995-2012 
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indicates that approximately 38.5 percent of derailments of all commodities occur on mainline 
track.27 We apply these proportions to the predicted number of crude oil and ethanol derailments 
to estimate the number of future mainline derailments. This derailment forecast is presented in 
the table below.  

Table B3. Projected Carloads of Ethanol and Crude and Mainline Derailments 

 

 

Source STB Waybill Sample and FRA Office of Safety Analysis  

There is reason to believe that derailments of HHFTs will continue to involve more cars than 
derailments of other types of trains. There are many unique features to the operation of unit 
trains to differentiate their risk. The trains are longer, heavier in total, more challenging to 
control, and can produce considerably higher buff and draft forces which affect train stability. In 
addition, these trains can be more challenging to slow down or stop, can be more prone to 
derailments when put in emergency braking, and the loaded tank cars are stiffer and do not react 
well to track warp which when combined with high buff/draft forces can increase the risk of 
derailments.  

                                                 
27 http://safetydata.fra.dot.gov 

Year Carloads
Main Line 
Derailments

2015 898,500         14.36                         
2016 924,707         14.34                         
2017 937,808         14.09                         
2018 949,434         13.80                         
2019 962,470         13.53                         
2020 971,605         13.19                         
2021 969,195         12.69                         
2022 965,957         12.18                         
2023 956,047         11.60                         
2024 948,974         11.05                         
2025 934,230         10.43                         
2026 909,673         9.72                           
2027 892,919         9.11                           
2028 873,274         8.49                           
2029 851,981         7.87                           
2030 829,771         7.26                           
2031 810,028         6.70                           
2032 790,030         6.15                           
2033 772,230         5.64                           
2034 755,613         5.16                           

207                            2015-2034 Total
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 (1C) Product Lost per Derailment 

PHMSA bases the costs associated with a derailment on the amount of product released when a 
derailment occurs. Because damages are higher for derailments on mainline track, these 
derailments are treated differently than those that occur in yards. In order to monetize mainline 
derailments it is necessary to determine the average amount of product lost in mainline 
derailments. This section deals with mainline track derailments. 
 
PHMSA focused on derailments of crude oil and ethanol trains from 2006 through 2013.  We 
focused on this date range because it encompasses the beginning of the shipment of flammable 
liquids in HHFTs.  We chose to exclude 2014 because this represents only partial-year data and 
information for recent rail accidents may not be finalized.  We include the preliminary figures 
inclusive of the six addition rail accidents in 2014 in Appendix B for informational purposes.       
 
PHMSA examined two separate incident reporting databases to estimate the expected loss of 
product per derailment: (1) The PHMSA Hazardous Materials Incident Report database; and (2) 
the FRA Railroad Safety Information System.  PHMSA collects information on incidents that 
result in the release of hazardous material in transportation including the type of hazardous 
material released, the mode of transport, the number of packages releasing hazardous.  The FRA 
collects information on derailments regardless of the commodity, the type of track (mainline, 
siding, industry), the number of cars derailed, the number of cars that release product and 
whether hazmat was involved.  We combined the information from these two datasets to estimate 
the number of derailments of crude oil/ethanol cars on mainline track.   
 
PHMSA generally does not collect information on derailments unless the derailment results in 
the release of hazardous material, and FRA generally does not collect data on the specific hazmat 
commodity involved in a derailment. Due each dataset’s limitations of the information collected 
it is possible that some mainline derailments of crude oil/ethanol that did not result in a release of 
product were not examined.  We request comment on additional crude oil/ethanol derailments 
that should be considered in this analysis.  Further, in the Paperwork Reduction Act section of 
the Preamble, we seek comment on how PHMSA might collect better incident reporting data 
through revisions to information collections. 
 
For the time period between 2006 and 2013 we identified 40 mainline derailments that resulted 
in the release of 3,344,081 gallons of crude oil and ethanol for an average of approximately 
83,602 gallons released per mainline track derailment.  These 40 mainline derailments are listed 
in Appendix B.  Before beginning computation, we removed derailments that occurred in rail 
yards and removed incidents that were not the result of a derailment because these accidents are 
not the focus of the NPRM and the proposed provisions would do little to mitigate these 
accidents.28  In addition we corrected the data by comparing the PHMSA and FRA incident 
databases and detailed inspection reports when available.   
 

                                                 
28 PHMSA reporting requirements only apply to mainline/siding track derailments.  Nevertheless, some companies 
do report yard derailments. Further, this analysis focuses on the damages that result from a derailment, but some 
companies report releases that were not the result of a derailment.   
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Based on a review of the reported description of events and a comparison to the FRA incident 
database we identified the following crude oil/ethanol incidents that either occurred in a yard and 
are not subject to PHMSA reporting requirements or involved a release of ethanol or crude oil 
that was not a result of a derailment: 
 
Missoula, MT: 6/18/2006 
Kansas City, KS: 12/1/2006 
Amarillo, TX: 12/25/2006 
Los Angeles, CA 1/9/2007 
Chicago, IL: 8/27/2007 
La Mirada, CA: 4/9/2009 
Martinez, CA: 4/13/2009 
Rosemont, IL: 5/18/2009 
Minneapolis, MN: 11/27/2009 
Fresno, CA: 12/17/2009 
Birmingham, AL: 2/18/2010 
Harve, MT: 11/1/2010 
Roanoke, VA: 12/2/2010 
Jackson, NE: 3/17/2011 
Antelope, CA: 6/11/21011 
Texas City, TX: 09/13/2011 
Hitchcock, TX: 09/13/2011 
Stockton, CA: 6/27/2011 
Pasco, WA: 11/07/2011 
Monroe, LA: 12/1/2011 
Las Vegas, NV: 08/11/2012 
Knoxville, TN: 10/12/2012  
Tampa, FL: 07/25/2013 
The PHMSA hazardous material incident report database often contains inaccuracies.  The 
database presents information on releases of hazardous material in transportation and relies on 
the person in possession of the hazardous material at the time of the incident to report on the 
incident.  Often the amount of product released from a particular tank car is unclear or reported 
differently in the description of events than in the appropriate incident report fields.  
Additionally, the PHMSA incident reports often do not reflect the full extent of damages 
including property damage, cleanup and remediation costs because it may be months before full 
damage figures can be reported.   By regulation the filer has a maximum of thirty days from the 
time of the incident to file a report.  Even though the filer is responsible for updating or 
supplementing the initial report if additional information becomes available and has one year 
from the date of the incident to do so, PHMSA do not always obtain full information.  When we 
compared the incident report information from the PHMSA hazardous material incident report 
Database with data obtained through more thorough investigations, we discovered that the 
quantity of product lost and number of cars releasing product were misreported in a number of 
cases.  Below are notable examples:   

 
 Parker’s Prairie, MN 3/27/2013: The reported release in the report DOT 5800 report field 

suggested that one car released 10,000 gallons while the description of events reported 
that 4 cars derailed and released 15,000 gallons.  In this case PHMSA compared this 
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information to the FRA incident database for the same incident.  The FRA information 
confirmed that for this incident 14 cars derailed and 3 cars released approximately 15,000 
gallons.  

 Aliceville, AL 11/07/2013:  The initial estimate of crude oil lost in the Aliceville, AL, 
derailment was 28,000 gallons.  Based on a follow-up from PHMSA personnel, the 
carrier has since revised this estimate to more than 450,000 gallons. 

 Philadelphia, PA 1/20/2014:  A 101-car train was travelling from Chicago to Philadelphia 
derailed on a bridge.  Seven cars derailed and six of the derailed cars were carrying crude 
oil.  There was no reported release of the crude oil.  This derailment was reported to the 
FRA, but since it did not result in a release of hazardous material, so it was not reported 
to PHMSA. 

 New Augusta, MS 1/31/2014:  The product contained in the incident cars was reported to 
PHMSA as NA1993 Combustible Liquid, n.o.s. (fuel oil).  Information obtained by the 
FRA during a follow-up investigation revealed that the cars that derailed contained crude 
oil.   Because this was reported to PHMSA as NA1993 and not UN1267, it would not be 
found using the search for crude oil or ethanol.  Based on this additional information, this 
incident was added to the list of incidents suitable for inclusion. In this analysis, PHMSA 
elected to use FRA inspection reports that state that for this incident 13 cars derailed and 
4 cars released approximately 90,000 gallons. 

 Vandergrift, PA 2/13/2014:  The incident involved a train carrying crude oil and liquefied 
petroleum gas.  The description of events in the PHMSA incident report states that four 
cars released a total of 8,300 gallons of product.  The report fields for that same report 
suggested that six cars released 9,800 gallons of product.  In this analysis PHMSA 
elected to use FRA inspection data that says 21 cars derailed, 4 cars released a total of 
10,000 gallons 

 
PHMSA seeks comments on the following questions regarding our estimates of the number of 
mainline derailments per year and the average product released per derailment. The most helpful 
comments reference a specific portion of the proposal, explain the reason for any recommended 
change, include supporting data, and explain the source, methodology, and key assumptions of 
the supporting data. 
 

1. What factors, in addition to change over time, should PHMSA consider in assessing the 
probability of mainline derailments of ethanol or crude oil HHFTs based on the historic 
record of all derailments? 

2. How does the probability of derailment differ between ethanol and crude oil HHFTs? 
3. How can PHMSA improve the accuracy and completeness of the hazardous material 

incident report database, to better inform future rulemakings? 
4. Should PHMSA require reporting on every car carrying hazardous material that derails, 

whether that car loses product or not? Such reporting would assist PHMSA in assessing 
the effectiveness of different kinds of cars in containing the hazardous materials that they 
carry. 

5. How will the rate of derailments per million carloads, for crude and ethanol service, 
change over the next 20 years (as a result of regulatory and voluntary action)? 

6. PHMSA seeks comment on how to account for distance travelled per HHFT.  This would 
account for the change in risk associated with change in distance travelled. 
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(1D) Monetizing Events Based on Quantity Released 
 
Each incident involving a significant spill of crude or ethanol will have numerous types of costs.  
In addition to the costs of any injuries or fatalities, which are addressed in the following section, 
spills will involve cleanup costs.  The spills may also involve property damage, costs for 
emergency response, evacuation costs for residents or workers in the surrounding areas, 
environmental damage, transportation delays while the spill is being cleaned up, as well as other 
costs.  As we discuss in the Higher Consequence Events section below, the costs of a spill will 
depend not only on the size of a spill, but also where it occurs, the type of material spilled, and 
the circumstances of the accident.  There is likely to be more property damage if a spill occurs in 
a densely populated area or if it results in a fire.  There is likely to be more environmental 
damage if the spill occurs in an environmentally sensitive area.  Costs of cleanup may be higher 
for heavier crude that does not burn.  Because of the uncertainties involved in projecting the 
costs of future spills, PHMSA requests comment on how we might improve the estimate 
presented here. 
 
PHMSA estimates the costs of released product by applying a monetary value to each gallon 
spilled. This implicitly assumes that costs per gallon are linear with (i.e., vary in direct 
proportion to) the volume of product spilled, but PHMSA intends the value to reflect an average, 
recognizing the number may be declining with respect to the volume spilled due to economies of 
scale in cleanup costs.  To estimate the cost per gallon of crude or ethanol released, PHMSA 
examined news and railroad reports from two crude oil incidents for which cost estimates are at 
least preliminarily available, evaluated cost estimates prepared by the NTSB, reviewed cost 
estimates reported by railroads to PHMSA in hazardous material incident reports for both 
ethanol and crude oil, and consulted preliminary modeling by Dagmar Schmidt Etkin on the cost 
of responding to oil spills.  Of the two incidents for which PHMSA has the most reliable cost 
data (Lynchburg, Virginia and Lac-Mégantic, Quebec), PHMSA elected to use the Lynchburg 
incident for reasons explained below.   
  
Below is a breakdown of the various costs associated with this rail accident: 
 
Description:  The train originated in the Bakken shale region in North Dakota and consisted of 
two locomotives and 105 cars.  Seventeen cars were derailed and two of them spilled a total of 
approximately 30,000 gallons of crude oil in the James River.  Approximately 350 residents were 
evacuated for approximately 3.5 hours. 
 
Table B4. Breakdown of Damages as a Result of the April 30, 2014 Derailment in 
Lynchburg, VA 
Description Number/Quantity Costs $Million 
Fatalities None 0 
Injuries None 0 
Track Damage  $0.25 
Equipment Damage  $3.29 
Environmental Damage 30,000 gallons $5.00 
Property Damage  $0.05 
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Evacuation 350 residents $0.40 
Highway Closure  0 
Total Costs  $8.99 
Source: CSX as reported to FRA 
 
In formulating this estimate, PHMSA relied only on cleanup and emergency response costs and 
not socioeconomic and environmental damages beyond cleanup costs. PHMSA believes that 
these additional costs are sometimes significant, but lacks data sufficient to estimate their 
magnitude directly.   
 
The two crude oil incidents for which preliminary cost estimates have been made are the 
catastrophic incident at Lac Mégantic, Quebec, and the recent derailment at Lynchburg, VA.  We 
do not consider Lac-Mégantic in this estimate as the damages are fully accounted for in the 
higher consequence damage estimates.  An average based on Lac-Mégantic would not be 
representative of a typical accident.  (see Appendix C, below). The Lynchburg incident resulted 
in a much lower quantity of 30,000 gallons spilled. The emergency response and cleanup costs 
for that incident were reported to the FRA by CSX as $8.99 million. Of this $8.99 million cost, 
an estimated $5 million was due to environmental damage.   The CSX estimate of the costs of 
Lynchburg results in a cost per gallon of about $300.  

    
PHMSA also examined NTSB reports of rail accidents, PHMSA’s own hazardous materials 
incident report data, and modeling done by Etkin.   
 
NTSB investigations of four ethanol and crude oil spills since 2006 are available. NTSB reports 
that the 2006 New Brighton incident released 485,278 gallons of ethanol and imposed estimated 
costs of $5.8 million, for a cost per gallon released of $12;29 the 2009 Cherry Valley incident 
released 431,708 gallons of ethanol and imposed estimated costs of $7.9 million, for a cost per 
gallon released of $18;30 the 2011 Tiskilwa incident released 259,000 gallons of ethanol and 
imposed estimated costs of $1.6 million, for a cost per gallon released of $6;31 and the 2013 
Casselton incident released 400,000 gallons of crude oil and imposed estimated costs of $6.1 
million, for a cost per gallon released of $15.32  
 
The NTSB data do not, in most cases, consider remediation and cleanup costs.  In its Tiskilwa 
report, the NTSB’s estimated damages represent only property damages.  For Cherry Valley, 
damages seem to be limited to property damages, given where they are presented in the report 
(though NTSB does not specify).  For New Brighton, the damages include $2.5 million that 
ostensibly accounts for lost product, emergency response, remediation, and incidentals—yet 
almost 500,000 gallons spilled.  This estimate is not credible because the product alone was 
worth over $1 million.  Although the source of the NTSB’s damage estimate was, like the source 
of the Lynchburg damage estimate used in this NPRM, the railroad involved, PHMSA does not 
believe that Norfolk Southern railroad accurately estimated costs in the case of New Brighton.  
                                                 
29 http://www.ntsb.gov/doclib/reports/2008/RAR0802.pdf  
30 http://www.ntsb.gov/doclib/reports/2012/RAR1201.pdf 
31 http://www.ntsb.gov/doclib/reports/2013/RAB1302.pdf 
32 http://www.ntsb.gov/doclib/reports/2014/Casselton_ND_Preliminary.pdf 
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PHMSA’s hazardous materials incident report data are based on incident reports submitted by 
the involved railroad within 30 days of the incident. Among other information, the railroad is 
required to report a narrative description of the event, the commodity released, the volume of 
product lost, and the costs of the incident, including material loss, carrier damage, property 
damage, response cost, and remediation cleanup cost. Railroads are required to update their 
initial report if the initial estimates prove inaccurate. Of the 40 mainline derailments involving 
crude oil and ethanol releases since 2006, hazardous materials incident report data indicate that a 
total of 3,344,081 gallons were released and total damages were $47,252,409, for an average cost 
per gallon released of $14.13.        
 
PHMSA believes the hazardous materials incident report data are also incorrect.  Total damages 
from a narrative description of events often do not match the information provided in the 
corresponding report field.  Additionally, damages and costs reported appear to be extremely 
low.  A case in point is the Arcadia, Ohio (2/6/11) derailment (32 cars, the release of 786,245 
gallons of ethanol and the evacuation of 25 people for 8 hours); the $187,410 damages reported 
for this incident is implausibly low.  Damage information reported to PHMSA generally includes 
only the most basic costs such as the value of lost product and preliminary estimates of damages 
to rail cars or track.  PHMSA believes that response costs and basic cleanup costs, when they are 
reported, do not represent the full costs of an accident or the response. Reports may exclude 
evacuation of the public, disposal of contaminated soil, air quality and site monitoring and other 
costs.  While it is incumbent upon the person who reports a hazardous materials incident to 
supplement their initial report, this most often does not happen unless PHMSA follows up with 
the filer.  For example, the initial estimate of crude oil lost in the Aliceville, AL, derailment was 
28,000 gallons.  Based on a follow-up from PHMSA personnel, the carrier has revised this 
estimate to more than 450,000 gallons.  Beyond simple revisions in volume released, cleanup 
costs also tend to escalate after an initial report.  PHMSA therefore expects costs reported to be 
biased downward.    
 
Etkin presented preliminary results from a model she developed for estimating the cost of oil 
spills at the EPA Freshwater Spills symposium in April of 2004.33 The model was developed 
from a record of historical oil spill case studies, primarily in inland waterways, and provides a 
methodology for estimating the cost of an oil spill based on the amount spilled, spill location, 
and material spilled, among other variables.  PHMSA was unable to reproduce the model’s 
results and elected not to rely on them. 
 
Of the two crude oil incidents for which PHMSA has confidence in the reliability of their cost 
estimates, PHMSA relies on  the $300 per gallon that resulted from the Lynchburg derailment 
because the costs associated with the Lac-Mégantic accident are accounted for in the higher 
consequence events section.  
 
To estimate total property damage, remediation, and cleanup costs as well as socioeconomic 
costs and lasting environmental damages in the baseline, PHMSA multiplied the total estimated 

                                                 
33 Etkin, 2004. Modelling Oil Spill Response and Damage Costs. EPA Freshwater Spills Symposium. Available 
online at http://www.environmental-research.com/erc_papers/ERC_paper_6.pdf 
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quantity to be released in future mainline derailments by $300.  PHMSA estimates elsewhere in 
this analysis that the average expected release in the event of an accident will be 83,602 gallons. 
PHMSA notes that at a cost of $300 per gallon released, this implies that the average crude oil 
and ethanol mainline derailment results in $25 million in total costs (including property damages, 
cleanup, remediation, emergency response, socioeconomic and lasting environmental 
damages).34  
 
PHMSA seeks comments on the following questions. The most helpful comments reference a 
specific portion of the proposal, explain the reason for any recommended change, include 
supporting data, and explain the source, methodology, and key assumptions of the supporting 
data. 
 

1. Based on all derailments involving crude oil and ethanol releases in the U.S. since 2006, 
and commenters experience with other releases that may be relevant, PHMSA seeks 
comment on the cost per gallon spilled. 

2. PHMSA recognizes that the cost per gallon spilled will vary based on the quantity 
released and various other factors. PHMSA seeks comment on the availability of data that 
may improve estimates of these costs based on the quantity spilled.  

3. What is the likelihood that HHFT accident releases result in substantial socioeconomic 
costs and/or lasting environmental damages that would not be accounted for elsewhere in 
PHMSA’s analysis of this rule as a “Higher-Consequence Event?”   

4. How do the damages per gallon released differ between ethanol and crude oil spills? 
5. Which of the data sources that PHMSA considered most accurately reflects the costs of 

crude and ethanol releases?   Are they sufficiently different to warrant separate estimates?  
Are they sufficiently different to warrant consideration of different regulatory standards? 

6. PHMSA collects information about releases of hazardous materials from pipelines. 
Should PHMSA consider these data when estimating the damages caused by releases 
from HHFTs or are pipeline releases sufficiently different that the comparison is not 
helpful? 

7. How might PHMSA reliably use any of the data from sources cited above (including 
pipeline releases) to help estimate the average cost of releases? 

8. What other data sources should PHMSA consider? 
9. What methods can PHMSA use to directly estimate the socioeconomic and long-term 

environmental harms? 
10. How can PHMSA improve the accuracy and completeness of the hazardous materials 

incident report data, to better inform future rulemakings? 
11. Should PHMSA require reporting of data on the total damages that occur as a result of 

train accidents involving releases of hazardous material, including damages related to 
fatalities, injuries, property damage, environmental damage and clean-up costs, loss of 
business and other economic activity, and evacuation-related costs? 

 

(1E) Monetization of Deaths and Injuries 

                                                 
34 83,602 gallons released x $300 per gallon lost = $25,080,600. 
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To fully monetize these events, we also considered injuries and fatalities. There was one fatality 
and three injuries that involved hospitalization resulting from crude and ethanol shipments by 
rail between 2006 and 2013. In addition, there were 10 injuries that did not involve 
hospitalization in crude and ethanol incidents from 2006-2013. PHMSA uses these incidents to 
estimate injury and fatality damages per carload shipped for crude and ethanol shipments. 
PHMSA then monetizes these damage estimates and adjusts them by the derailment trend 
presented above to account for baseline improvements in industry safety performance. We 
valued the fatalities at the current Value of a Statistical Life (VSL). The injuries were assumed to 
be severe injuries on the Abbreviated Injury Scale (AIS), and valued at 26.6 percent of the VSL 
as per DOT guidance. There were ten injuries that did not involve hospitalization associated with 
crude and ethanol shipments. These injuries were assumed to be minor on the AIS scale and 
valued at 0.3 percent of the VSL as per DOT guidance. The Table below presents the fatalities, 
injuries, and carloads shipped from 2006-2013 for crude and ethanol.  

 

Table B5. Historic Deaths and Injuries in Crude and Ethanol Mainline Derailments 

with Carloads Shipped 

 

The total cost of fatalities and injuries was $17.2 million.  Divided by the total crude and ethanol 
carloads shipped, this came to $5.50 per carload shipped in societal damages. These unit figures 
were multiplied by the forecasted carloads shipped (presented above) for each commodity to 
produce a stream of expected societal damages for crude oil shipments through 2034.  

(1F) Baseline Fleet Projections 

One further adjustment was made to account for the fact that the industry has recently committed 
to building only enhanced jacketed CPC 1232 cars for crude oil service going forward. These 
cars are expected to grow to 40 percent of the fleet by 2019 even without regulatory intervention, 
due to the high demand for more cars to ship crude oil. A jacketed, thermally protected CPC 
1232 car, with improved pressure relief valves and bottom outlet valves, is significantly safer 
than either a jacketed or unjacketed DOT Specification 111 tank car. As discussed in the tank car 
effectiveness section, FRA modelling suggests that 40 percent fewer jacketed CPC 1232 cars 
would release product in a given derailment relative to a derailment consisting of unjacketed 
DOT Specification 111s. We therefore adjust our baseline by applying the full expected damages 
for the forty percent the fleet that consists of older tank cars, but only 60 percent of the damages 
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to the remainder of the fleet that would be jacketed CPC 1232 cars.  The table below presents 
how we expect the fleet to evolve going forward if regulations are not adopted.  

 

Table B6. Expected Evolution of Tank Car Fleet in Absence of Regulation 

 

 

 

(1G) Summary of Damages from Lower Consequence Events  

 

Table B7, below, summarizes the information presented above regarding the damages and 
assumptions attributable to lower consequence events. 

 

Year

Number % Number %
2015 79,572           0.73           30,150                0.27          
2016 79,572           0.69           35,972                0.31          
2017 79,572           0.66           41,794                0.34          
2018 79,572           0.63           47,616                0.37          
2019 79,572           0.60           53,438                0.40          
2020 79,572           0.60           53,438                0.40          
2021 79,572           0.60           53,438                0.40          
2022 79,572           0.60           53,438                0.40          
2023 79,572           0.60           53,438                0.40          
2024 79,572           0.60           53,438                0.40          
2025 79,572           0.60           53,438                0.40          
2026 79,572           0.60           53,438                0.40          
2027 79,572           0.60           53,438                0.40          
2028 79,572           0.60           53,438                0.40          
2029 79,572           0.60           53,438                0.40          
2030 79,572           0.60           53,438                0.40          
2031 79,572           0.60           53,438                0.40          
2032 79,572           0.60           53,438                0.40          
2033 79,572           0.60           53,438                0.40          
2034 79,572           0.60           53,438                0.40          

Jacketed CPC 1232s
DOT 111s and Unjacketed 

CPC 1232s
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Table B7: Summary of Assumptions and Estimates Used in Estimating Lower Consequence 
Damages 

 

Variable Formula/Input Base Source Year(s) in 
Data Set 

Number of Ethanol Carloads Per Year, 
2015-2034 

361,295 to 403,217 
carloads (depending 

on year) 

EIA Projections, DOT 
Estimates 

2015-2034 

Number of Crude Oil Carloads Per 
Year, 2015-2034 

394,318 to 568,388 
carloads (depending 

on year) 

EIA Projections, DOT 
Estimates 

2015-2034 

Number of Other Class 3 Flammable 
Liquid Carloads in HHFT

None DOT Estimates 2015-2034 

Number of Mainline Derailments for 
Crude and Ethanol Service in 2015 (use 
linear trend for 2015-2034) 

14.55 derailments Linear Trend for All 
Commodities 

DOT Estimate 
for 2015 

Linear Trend for Number of 
Derailments Per Million Carloads, 
2015-2034  

-1.2521 (year) + 
2564.5 

FRA Database for All 
Commodities, STB Waybill 
Sample for All Commodities 

1995-2012 

Mainline Derailment Share, as 
Percentage of Total Derailments 

39% FRA Database for All 
Commodities 

1995-2012 

Property/Environmental Damage Cost 
Per Mainline Derailment 

$25,080,600 Product of the Two 
Variables Below 

DOT Estimate 
for 2015 

Average Property/Environmental 
Cost, Per Gallon Released 

$300 CSX Corporation Statement 
about Lynchburg Accident 

2014 

Average Gallons of Product Lost, 
Per Mainline Derailment 

83,602 gallons PHMSA Database for Crude 
Oil and Ethanol 

2006-2014 

Monetized Non-Hospitalized Injury 
Risk Per Mainline Derailment 

$1,330 Product of  the Two 
Variables Below 

2006 --2013 

Number of Non-Hospitalized 
Injuries Per Mainline Derailment 

0.05 FRA Injury Database for 
Crude Oil and Ethanol 

DOT Estimate 
for 2015 

Monetized Cost of Non-Hospitalized 
Injury (AIS 1) 

$27,926 DOT 2014 VSL Guidance, 
Scaled to 2015  

2014 

Monetized Hospitalized Injury Risk Per 
Mainline Derailment 

$35,372 Product of  the Two 
Variables Below 

2006-2013 

Number of Hospitalized Injuries Per 
Mainline Derailment 

0.014 FRA Injury Database for 
Crude Oil and Ethanol 

DOT Estimate 
for 2015 

Monetized Cost of Hospitalized 
Injury (AIS 4) 

$2,476,047 DOT 2014 VSL Guidance, 
Scaled to 2015  

2014 

Monetized Fatality Risk Per Mainline 
Derailment 

$447,823 Product of  the Two 
Variables Below 

2006-2013 

Number of Fatalities Per Mainline 
Derailment 

0.048 FRA Injury Database for 
Crude Oil and Ethanol 

DOT Estimate 
for 2015 

Monetized Value of Statistical Life $9.3 million DOT VSL Guidance, Death, 
updated to 2015 using 
expected real wage growth 

2015 

CPC 1232 Jacketed Share without 
Regulation, 2015-2034 

.19% to .40% 
(depending on year) 

Railway Supply Institute at 
NTSB Forum, 4/22/14; DOT 
Estimate for Future Years 

DOT Estimate 
for 2015 to 
2034 

Risk Reduction, CPC 1232 Jacketed 
Relative to Weighted Average DOT 
Specification 111 Tank Car 

40% Applied Research and 
Associates, Puncture 
Resistance Model; DOT 
Estimate for Other Features 

2014 

 
Crude Oil and Ethanol Service: Other Lower Consequence Damages Estimates and Assumptions 
Variable Formula/Input Source 
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Crude Oil and Ethanol Service: Other Lower Consequence Damages Estimates and Assumptions 
Variable Formula/Input Source 
Difference in Property/Environmental Damages 
Per Derailment Between Crude Oil and Ethanol 

None DOT Estimate 

Difference in Monetized Injury Risk Per 
Derailment Between Crude Oil and Ethanol 

None DOT Estimate 

Change in Share of Crude Oil and Ethanol 
Production that Travels on HHFT  

None DOT Estimate 

Total Property/Environmental Damages from 
Yard Derailments 

Not Estimated DOT does not expect yard movement 
damages to materially decrease with 
this rule 

Total Monetized Injury Damages from Yard 
Derailments 

Not Estimated DOT does not expect yard movement 
damages to materially decrease with 
this rule 

Total Property/Environmental Damages from 
Non-Accident Releases (NARs) 

Not Estimated DOT does not expect NARs damages 
to materially decrease with this rule 

Total Monetized Injury Damages from Non-
Accident Releases (NARs) 

Not Estimated DOT does not expect NARs damages 
to materially decrease with this rule 

Cars Derailed, Per Mainline Derailment Not Estimated Estimate implied in the average of 
83,602 gallons of product lost per 
mainline derailment 

Conditional Probability of Release, Per Derailed 
Car 

Not Estimated Estimate implied in the average of 
83,602 gallons of product lost per 
mainline derailment 

Average Gallons Lost, Per Releasing Car Not Estimated Estimate implied in the average of 
83,602 gallons of product lost per 
mainline derailment 

 

Table B8 below presents total estimated damages for crude and ethanol for lower consequence 
accidents over the next 20 years. The figures in these tables are developed by multiplying the 
number of mainline derailments from the derailment trend by the expected quantity lost from the 
table above for each year (83,602 gallons) and monetizing the damages using $300 in cost per 
gallon of product released. The exact calculation is: 

  

Accidents in year Y x 83,602 (gallons spilled per accident) x $300 (cost per gallon spilled)  

= Monetized damages in year Y 

 

One further adjustment is made to account for the fact that within a few years jacketed CPC 
1232s are expected to make up a significant portion of the fleet, resulting in reduced incident 
severity. We estimate that jacketed CPC 1232s are roughly 40 percent less likely to release 
product than lesser standard cars on average. If jacketed CPC 1232s make up 40 percent of the 
fleet, lower standard cars would make up the remaining 60 percent. Thus damages are adjusted 
by multiplying by .6 to account for likely damages attributed to legacy cars, and by .4 x .6, the 
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portion of the fleet made up of jacketed CPC 1232s and the remaining damages once the greater 
effectiveness of these cars is accounted for (1-.4). To state this calculation more formally: 

Total Damages (in the chart below) = (total damages prior to adjustment x .6 (the portion of 
legacy cars)) + (.4 (the portion of jacketed CPC cars) x (.6 expected remaining damages for 

incidents involving these cars) x total damages prior to adjustment. 

Table B8, below, provides the projected damages resulting from mainline train accidents. 
 

Table B8: Projected Damages from Mainline Train Accidents 
 

 
 
 

(2A) Higher-Consequence Event Damages 

In order to consider the full impacts of this rule, it is necessary to examine the potential for 
HHFT accidents greater in number or severity than those observed to date in the U.S.  While 
there have been no higher consequence events in the U.S., we believe that such an event is 
possible.  In the previous section we projected damages that might occur if the rate and size of 
future accidents were similar to the existing U.S. safety record.  In this section, we consider 
whether, in addition to these projected accidents, there might be one or more higher-consequence 
events.  Therefore, any benefits related to preventing the accidents examined in this section 
would be in addition to the benefits from preventing the lower-consequence accidents in the 
previous section.   

Year Crude Carloads Ethanol Carloads Damages, Property Damages, Injury Total Damages
2015 532,688 365,812 $320,619,882 $4,146,907 $324,766,789
2016 549,804 374,903 $314,764,950 $4,119,219 $318,884,170
2017 555,733 382,075 $304,629,404 $4,033,621 $308,663,025
2018 559,056 390,378 $294,352,245 $3,943,531 $298,295,776
2019 563,940 398,530 $284,783,129 $3,860,351 $288,643,480
2020 568,388 403,217 $277,626,660 $3,807,750 $281,434,410
2021 568,285 400,910 $267,103,299 $3,706,647 $270,809,946
2022 565,260 400,697 $256,409,127 $3,600,229 $260,009,356
2023 560,159 395,888 $244,077,179 $3,467,516 $247,544,695
2024 554,524 394,450 $232,641,943 $3,344,059 $235,986,002
2025 545,536 388,694 $219,547,498 $3,193,075 $222,740,573
2026 526,357 383,316 $204,545,541 $3,009,992 $207,555,533
2027 510,467 382,452 $191,717,665 $2,854,514 $194,572,178
2028 494,066 379,208 $178,638,350 $2,691,159 $181,329,509
2029 476,727 375,254 $165,637,087 $2,524,742 $168,161,828
2030 458,135 371,636 $152,899,306 $2,358,085 $155,257,392
2031 441,518 368,510 $141,041,696 $2,200,879 $143,242,575
2032 424,252 365,778 $129,542,924 $2,045,300 $131,588,225
2033 408,944 363,286 $118,788,134 $1,897,628 $120,685,763
2034 394,318 361,295 $108,564,546 $1,754,772 $110,319,319

$4,470,490,543
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A higher-consequence event occurred in the town of Lac Mégantic, Quebec, in July of 2013. 
This event is illustrative of, but not the limit of, a high-consequence event scenario for 
derailment of a HHFT. The event involved an unattended train that rolled downhill and resulted 
in a 63-car derailment at 65 mph.  The derailment occurred in a small town with a low 
population density by U.S. standards, but resulted in the deaths of 47 people and the destruction 
of much of the downtown area. A year after the event, decontamination of the soil and 
water/sewer systems is still ongoing. Cleanup of the lake and river that flows from it has not 
been completed, and downstream communities are still using alternative sources for drinking 
water.  Initial estimates of the cost of this event were roughly $1 billion, but the cleanup costs 
have doubled from initial estimates of $200 million to at least $400 million, and estimates of the 
total cost to clean up, remediate, and rebuild the town have risen as high as $2.7 billion.35  

The frequency and magnitude of these events is highly uncertain. It is, therefore, difficult to 
predict with any precision how many of these higher consequence events may occur over the 
coming years, or how costly these events may be. In the worst case scenario for a fatal event, the 
results could be several times the damages seen at Lac Mégantic both in loss of life and other 
associated costs.  

In estimating the damages of a higher-consequence event, we begin with $1.2 billion, which are 
the estimated damages of Lac Mégantic. We used this accident to illustrate the potential benefits 
of preventing or mitigating events of this magnitude. It is challenging to use this one data point 
to model potential damages of higher consequence events that differ in nature from the Lac 
Mégantic accident. However, as the volume of crude oil shipped by rail continues to grow, it is 
reasonable to assume that events of this magnitude may occur. To illustrate the uncertainty but 
provide some sense of the damages that could result from higher consequence events, PHMSA 
examines a range of potential outcomes, varying both the frequency and magnitude of these 
events.  To illustrate the possible extent of this range, PHMSA assumed there would be between 
0 and 10 such events over 20 years, in addition to the 5 to 15 annual mainline non-catastrophic 
derailments predicted based on extrapolation of the existing U.S. safety history in the previous 
section.  PHMSA believes that the occurrence of 10 such higher consequence events occurring in 
the U.S. is unlikely – PHMSA considers that to be the upper bound for event frequency. The 
lower bound estimate is zero. Under the lower bound estimate, there are still expected to be rail 
incidents involving flammable liquids, but none that rise to the higher-consequence event level. 

(2B) Estimated Magnitude of a Higher-Consequence Event 

We examined three possible methods for estimating the damages that might result from a higher-
consequence event.  The first method would be to use the existing U.S. safety record and scale 
up the damages of one or several of the larger rail accidents in the record to account for possible 
risk factors which might exacerbate the consequence of the incident if a similar accident were to 

                                                 
35 http://www.pressherald.com/2014/04/17/after‐end‐of‐the‐world‐explosion‐lac‐megantic‐aims‐to‐rebuild/ 
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occur under different circumstances.  Risk factors include condition of the track and supporting 
infrastructure; the presence or absence of signals; past incidents; population density along the 
route; environmentally-sensitive or significant areas; venues along the route (stations, events, 
places of congregation); emergency response capability along the route; measures and 
countermeasures already in place to address apparent safety and security risks; and proximity to 
iconic targets.  For example, a 2009 19-car derailment in Cherry Valley, IL spilled about 230,000 
gallons, caused a fire resulting in 1 fatality, 2 injuries, and $7.9 million in property damages, 
according to the NTSB.  If this event had occurred in a more populated area, the consequences 
could have been significantly larger.  This approach would involve placing such an event in 
another location, and adjusting total costs according to the likely increase in the value of property 
damaged and number of fatalities that may have resulted.  For instance, property values and 
population densities are much higher in Chicago, IL.  If the same event occurred in Chicago the 
value of the property damaged would have been much higher, and the damaged infrastructure 
may have imposed much larger delay costs to commuters and the overall rail network. In 
addition, more injuries and fatalities may have resulted, though it would be difficult to predict 
how many fatalities would result from such an event given that fatalities would depend on the 
exact concentration of people in a particular place at a particular time.  As noted below, we seek 
comment on data sources and approaches we could use to improve the modeling approach for 
estimating damages associated with higher consequence events described below.   

This exercise could be conducted for several other recent events involving crude and ethanol. For 
example, the derailment in Arcadia, OH, occurred very close to a fertilizer plant. Had the 
derailment hit the plant an anhydrous ammonia explosion on the order of that which occurred in 
West, TX,36 may have occurred, resulting in much more severe damages. The train that derailed 
and punched a 35 foot hole in the wall of an industrial facility in Vandergrift, PA this past 
January was carrying heavy crude.37 Had that train been loaded with more easily ignited ethanol 
or light, sweet crude, a violent release of ignited flammable liquid may have occurred, 
potentially killing some or all of the 65 employees working at the facility.  Alternatively if the 
same derailment occurred in the neighboring borough of East Vandergrift the consequences 
might have been much worse.  The derailment in Lynchburg, VA, had it occurred to the town 
rather than river side of the track, may have hit a busy lunchtime eatery, resulting in multiple 
fatalities despite the fact that only one car ruptured. A derailment on a bridge upstream from a 
reservoir that supplies drinking water to several communities or one large city could result in 
extensive costs to the municipality if the reservoir were contaminated and the communities that 
rely on it had to find an alternative supply for drinking water. Scaling up these events based on 
differences in location, tank car contents, or events, would require making assumptions about 
when and where such events might have occurred and what consequences would have resulted 
from those events in alternate locations. Clearly, from the above examples, slight adjustments in 

                                                 
36 http://www.csb.gov/west‐fertilizer‐explosion‐and‐fire‐/ 
37 http://www.reuters.com/article/2014/02/13/us‐energy‐crude‐derailment‐idUSBREA1C13120140213 
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the assumed characteristics of an event could result in dramatic increases in event consequences. 
It is unclear to PHMSA what assumptions would be reasonable. 

PHMSA acknowledges that event severity, especially property damage, is likely to be correlated 
with total quantity of product released, the geographic and environmental aspects of the location 
in which the event occurs, the proximity of high concentrations of people in said vicinity. 
Ideally, given enough information, the PHMSA would adjust high consequence event damages 
for all of these factors.  We seek comment on how better to scale event damages for these 
various parameters. 

For the remaining two methods, PHMSA instead looked to the estimated damages of the 
accident at Lac-Mégantic, Quebec to illustrate the potential benefits of preventing or mitigating 
higher-consequence events. PHMSA believes that no other higher consequence events have 
occurred that could better serve as the basis for estimating the damages from these events. We 
acknowledge that there is uncertainty about the potential magnitude, since there has only been 
one such event in North American rail history.  

PHMSA considers $1.2 billion in damages to be a somewhat conservative measure of the 
damages that could be caused by a higher consequence event. For example, the event at Lac 
Mégantic Quebec produced damages close to half a billion dollars in terms of loss of life. 
Cleanup costs associated with the event, which had initially been estimated at $200 million, are 
now being estimated at twice that amount. It is still unclear when the lake and river that drain 
from the lake will be completely cleaned up, and the nearly the entire downtown has yet to begin 
reconstruction a year later. The value of lost business activity, temporary unemployment of those 
working at the businesses destroyed, etc. may be much more than the initial estimates on which 
the $1.2 billion figure are based suggest.  

We considered several factors when deciding how to scale the damages from Lac Mégantic.  For 
example, it is highly unlikely that there would be a derailment at 65 mph and the tank car 
standards proposed here are not intended to be sufficient to prevent a puncture at this speed and 
force —the highest speed of derailments in the U.S. safety record for ethanol and crude is 48 
mph, and the rail industry has agreed to limit speeds for crude and ethanol unit trains to 50 mph.   
Similarly, it is highly unlikely that a 63-car derailment would occur—the largest derailment in 
the U.S. crude and ethanol record is a 31-car derailment. While speed and number of cars 
derailing will contribute to the severity of an accident and impact damages, we have not scaled 
down the damages from Lac Mégantic to account for a smaller expected number of cars derailed 
and lower speeds for two reasons. First, we believe extraordinary damages could have occurred 
even if the train in Lac-Mégantic had derailed at a slower speed. There have been large pool fires 
in many derailments that occurred at slower speeds. For example the accidents in Arcadia, OH, 
Aliceville, AL and Casselton, ND had pool fires.38 Second, extraordinary damages may have 

                                                 
38 See Appendix B for full details of these events. 
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occurred even if the train in Lac-Mégantic had only involved 20 or 30 cars. The damages were so 
high in Lac-Mégantic in part because the downtown area was so close to the track, where the 
train derailed. PHMSA seeks comment on what factors may contribute to event severity, 
including speed at time of derailment, the number of tank cars derailed, the number of tank cars 
that rupture, and whether it would be appropriate to scale high consequence events by these 
factors.   

One factor which we believe has an important impact on the damages of an ethanol or crude 
accident is the population density where the accident occurs.  The presence of a place of 
congregation was a particularly important factor in the damages from Lac-Mégantic.  While 
imperfect, population density is a proxy for the presence of places of congregation.  Other factors 
may affect the severity of an accident and we seek comment on appropriate factors to inform the 
analysis and sources of data for those factors.  Population density is likely to affect the size of 
any property damages and the number of any injuries or fatalities.  We modify the estimated 
potential damage figure by weighting the estimated damages from the Lac-Mégantic, Quebec rail 
accident (estimated cost of $1.17 billion) by the average track-mile weighted density along crude 
oil and ethanol routes in the U.S. Scaling potential risk by population density is a technique used 
frequently in the literature on the safety of hazardous material shipments. For example Verma 
uses population exposure as a component of a risk assessment framework for hazardous 
materials shipments by rail.39,40 Glickman et al. uses population density as a risk factor to be used 
in making rail routing decisions for hazardous materials shipments.41 Saat and Barkan use the 
number of people affected, which is a function of population density, to scale the consequence 
levels of hazardous materials rail accidents.42 Kawprasert also uses population density as a factor 
that influences hazardous material risk.43 It seems reasonable, given this body of research, to 
scale our damages to the average track mile weighted population density along U.S. crude and 
ethanol routes.  

This population density, generated by a GIS analysis of Census blocks adjacent to crude and 
ethanol routes, is estimated at 141 people per half square km. PHMSA and FRA obtained this 
population density estimate as follows: 

                                                 
39 Verma, Manish. 2009. Railroad transportation of dangerous goods: a conditional exposure approach to minimize 
transport risk. Transportation research part C. 
40 Verma, Manish. 2009. A cost and expected consequence approach to planning and managing railroad 
transportation of hazardous materials. Transportation research part D 
41 Glickman, Theodore S., Erkut, Efhan, and Zschocke, Mark S. 2007. The cost and risk impacts of rerouting railroad 
shipments of hazardous materials. Accident Analysis and Prevention. 39. 1015‐1025. 
42 Saat, M. Rapik, and Barkan, P.L. 2006. The effect of rerouting and tank car safety design on the risk of rail 
transport of hazardous materials. Proceedings of the 7th world congress on railway research. Montreal. June.  
43 Kawprasert, Athaphon. 2010. Quantitative analysis of options to reduce risk of hazardous materials 
transportation by railroad. Ph.D. Dissertation in civil engineering. University of Illinois at Urbana‐Champaign. 
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 Selected appropriate records from the Confidential Surface Transportation Board 
2012 Waybill Sample using Surface Transportation Commodity Codes “1311110” 
for crude oil and “28184” for ethanol.     

 Assigned selected fuel waybill records to a routable rail network (scale 1:100,000) 
based on railroad ownership, trackage rights, and historical route densities.  
Identified all crude and ethanol rail corridors within the United States.  The 
resulting rail fuel network includes all originating, terminating, and intermediate 
stations (nodes) and all rail links traversed by fuel cars.  The process identified 
20,420 rail links totaling 36,500 railroad miles.  Rail link length ranged from .005 
to 25 miles, with average link length at 1.8 miles.  Over 10,500 rail links are less 
than 1 mile long.  

 The 2010 Census Block data provides GIS population data down to the block 
level and includes over 11 million records.   A 1 kilometer-wide buffer zone (1/2 
kilometer on either side of the track) was imposed over the fuel rail network using 
GIS software.    A half kilometer on either side was chosen to reflect the impact 
zone for the Lac-Mégantic incident.44 Then the Census Blocks that overlap with 
that buffer zone are identified. Density was calculated for each Block by dividing 
population by the area, which yields the population per square km.   

 The population per square km was weighted by the length of the rail link yielding 
“average weighted population density per rail route mile.”45  The average 
weighted population density per rail route mile was calculated over the entire 
34,500 mile, 20,420 rail link fuel network.  This calculation yielded an average 
value of 283 persons living within the 1 kilometer-wide buffer zone of the rail 
network (1/2 kilometer on either side of the track).    

 For verifications, these results were compared to Census maps and 2006 Census 
Track Data.   

The population density of Lac Mégantic, Quebec, is 136 people per half square km. The 
weighting factor is calculated by dividing the population density for Lac Mégantic into the 
average track weighted population density for communities along U.S. crude and ethanol routes, 
141/136 (1.035). When multiplied by the total damages from the Lac-Mégantic accident, this 
generates an estimated average cost of $1.21 billion per event. To estimate the high end of the 

                                                 
44 http://www.bloomberg.com/news/2013‐07‐06/train‐carrying‐crude‐derails‐in‐quebec‐town‐sparking‐
explosions.html. This article reports that explosions and fires were concentrated in an area about one square 
kilometer, which indicates that a half‐kilometer on either side of the track is a reasonable assumption. Another 
source provides a map that shows that the blast radius was about 125 meters 
(http://news.nationalpost.com/2013/07/07/graphic‐timeline‐of‐key‐events‐in‐quebec‐train‐disaster/). If PHMSA 
were to choose a smaller distance, the results would be different because there are some Census Blocks that 
would no longer overlap with the buffer zone. The weighted average population density would be larger if areas 
tend to be denser when very close to railroad corridors, and it would be smaller if areas tend to be less dense 
when very close to rail corridors.  
45 For Census Blocks that include an entire rail link, the population density of that Block was applied to the rail link. 
For rail links that include more than one Census Blocks, the population density along the rail link is taken as a 
weighted average of the population density of the Census Blocks—the weighting is for the proportion of the rail 
link’s buffer zone area that each Census Block occupies. 
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range of benefits, we assume 9 events of this higher consequence scale will occur over the next 
20 years in addition to the 5-15 lower consequence accidents.  

In addition, to capture the possibility of an event exceeding the “typical” higher consequence 
event, we assume a 10th  event occurs over the next 20 years in an area that is five times denser 
than average. This one event would produce roughly $6 billion in total undiscounted damages. 
Such an event is unlikely, but such damages could occur when a substantial number of people 
are harmed or a particularly vulnerable environmental area is affected.  PHMSA invites comment 
on these assumptions, and on the extent to which population density may vary between crude oil 
routes and ethanol routes.     

(2C) Potential and Expected Higher-Consequence Damages 

The description above presents the methodology used by PHMSA to generate a range for the 
potential damages caused by higher consequence events. These events exceed the “typical” 
derailment event because they would result either in multiple fatalities or injuries, or would 
cause greater environmental damages than a typical derailment. The upper bound for the 
damages resulting from any one particular event was described as five times as great as the 
damages resulting from the event that occurred at Lac Mégantic, Quebec, adjusted for the track 
weighted population density along U.S. crude oil and ethanol routes. 

Because of the uncertainty in the frequency and magnitude of these events we conducted a 
sensitivity analysis and present a range of potential damages based on a range of event frequency 
and magnitude.  

We present figures for zero events and ten events and the associated undiscounted damages. As 
explained above, we assume that one of those ten events takes place in an area that is five times 
denser than average.  

We expect an enhanced jacketed CPC 1232s (i.e., CPC 1232 cars with upgraded pressure relief 
valves and bottom outlet valve improvements) to be the baseline car going forward for newly 
constructed cars. These cars are estimated to mitigate impacts in comparison to the legacy DOT 
Specification 111 by roughly 40 percent. We reduce damages based on the proportion of 
jacketed CPC 1232 cars in the fleet. The methodology by which this is done is described in more 
detail in the baseline damages section, but we repeat it here: jacketed CPC 1232s are expected, if 
no regulation is imposed, to make up roughly 40 percent of the fleet by 2019. These cars also 
improve safety by roughly 40 percent when compared to legacy DOT Specification 111s. Thus, 
safety performance is expected to improve significantly for 40 percent of the fleet in absence of 
regulation. Expected damages are estimated at actual predicted damages for 60 percent of the 
fleet in absence of regulation. Baseline damages are calculated by the following calculation: (0.6 
(percentage of fleet made up by legacy vehicles) x (lower consequence + higher consequence 
event damages)) + (0.4 x 0.6 x (lower consequence + higher consequence event damages).  In the 
second term of this equation the .6 denotes the percentage of remaining damages after the 
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improved safety performance of the jacketed CPC car are controlled for, and .4 is the percentage 
of jacketed CPC cars in the fleet without regulatory intervention. This calculation is done for the 
20 year analysis period and summed to produce total benefits incorporating the upper end of 
higher consequence event damages. This adjustment puts the damages of 9 events in an average 
area at $1 billion per event, and the event that takes place in an area five times as dense would 
produce roughly $5 billion in total damages. Table B9 below presents upper higher consequence 
event damages over 20 years.  

 

Table B9.  Higher Consequence Event Damages 

 

   

Clearly, events can vary in magnitude. The worst case scenario used in this analysis is a single 
event that resulted in impacts even greater than 5 times the average higher consequence event. 
However, the presentation of a range of figures must be limited by the practicality of presenting 

Year

High Consequence 
Event Damages - 9 
events, 
undiscounted

High Consequence 
Event Damages - 1 
event, 5 x greater 
undiscounted

2015 $456,367,240 $253,537,355
2016 $451,002,580 $250,556,990
2017 $446,317,408 $247,954,112
2018 $442,221,039 $245,678,357
2019 $438,638,756 $243,688,199
2020 $440,778,552 $244,876,968
2021 $442,943,571 $246,079,765
2022 $445,134,162 $247,296,754
2023 $447,350,582 $248,528,104
2024 $449,593,163 $249,773,984
2025 $451,862,217 $251,034,565
2026 $454,158,037 $252,310,021
2027 $456,480,954 $253,600,527
2028 $458,831,262 $254,906,262
2029 $461,209,329 $256,227,404
2030 $463,615,449 $257,564,135
2031 $466,049,951 $258,916,640
2032 $468,513,186 $260,285,105
2033 $471,005,483 $261,669,717
2034 $473,527,195 $263,070,668

Total $9,085,600,117 $5,047,555,634
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and analyzing a finite number of figures. We apply effectiveness rates for the various provisions 
of the proposed rule to these figures to obtain estimated benefits for each provision, and the 
proposed rule as a whole.  

 

 

 

(2D) Monte Carlo Approach 

PHMSA explored a third method to estimate the expected magnitudes associated with the 
projected higher-consequence events and seeks comment on its development.46  This method 
also uses the damage estimates for the Lac-Mégantic accident in conjunction with an estimated 
population density of the areas within a half-square km of crude oil and ethanol routes in the 
U.S.47 The table below provides the summary distribution based on over 20,000 values from 
FRA: 

Table B10.   Distribution of Population Densities along Crude Oil and Ethanol Rail Routes 

                                                 
46 The methodology in this section were not used to calculate the benefits of the proposed rule. 
47 Federal Railroad Administration model and methodology developed for all crude oil and ethanol rail corridors 
and based on 2010 Census Block and Geographic Information System (GIS) population data.      
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The FRA calculations yield an average value of approximately 141 persons per half-square km.  
This estimate is roughly the same as the average population density of the Lac-Mégantic town.  
The blast resulting from the Lac-Mégantic derailment and accident covered a half square km.  
The average population density of the Lac-Mégantic town is approximately 136 people per half-
square km48 (272 people per square kilometer divided by 2).  The number of fatalities as 
percentage of the average population density in the Lac-Mégantic accident is 34% (47 fatalities 
divided by the average population density per half-square kilometer of 136). 

                                                 
48 The town of Lac‐Mégantic has a population of 5,932 aaccording to the Canada 2011 Census. The town occupies a 
land area of 21.77 square kilometer and a population density of 272.5 inhabitants per square kilometer. 

Percentile

Population 

density per 

half‐square 

km

Percentile

Population 

density per 

half‐square 

km

Percentile

Population 

density per 

half‐square 

km

Percentile

Population 

density per 

half‐square 

km

100.0 5525.53 74.0 121.20 49.0 29.08 24.0 4.57

99.0 1507.25 73.0 114.51 48.0 27.44 23.0 4.09

98.0 1096.83 72.0 107.77 47.0 26.00 22.0 3.62

97.0 903.06 71.0 101.36 46.0 24.35 21.0 3.20

96.0 771.85 70.0 95.67 45.0 22.91 20.0 2.85

95.0 683.86 69.0 90.05 44.0 21.70 19.0 2.49

94.0 596.55 68.0 85.27 43.0 20.40 18.0 2.19

93.0 538.13 67.0 80.21 42.0 19.16 17.0 1.91

92.0 485.83 66.0 74.99 41.0 17.96 16.0 1.62

91.0 443.15 65.0 71.11 40.0 16.74 15.0 1.39

90.0 402.73 64.0 67.11 39.0 15.67 14.0 1.17

89.0 365.40 63.0 63.53 38.0 14.56 13.0 0.98

88.0 334.30 62.0 60.02 37.0 13.63 12.0 0.81

87.0 306.59 61.0 56.30 36.0 12.72 11.0 0.65

86.0 285.47 60.0 53.41 35.0 11.78 10.0 0.51

85.0 260.43 59.0 50.57 34.0 10.90 9.0 0.39

84.0 240.50 58.0 47.87 33.0 10.15 8.0 0.29

83.0 223.01 57.0 45.30 32.0 9.42 7.0 0.20

82.0 207.37 56.0 42.97 31.0 8.63 6.0 0.13

81.0 193.38 55.0 40.90 30.0 7.94 5.0 0.08

80.0 180.83 54.0 38.74 29.0 7.32 4.0 0.03

79.0 168.96 53.0 36.43 28.0 6.78 3.0 0.01

78.0 157.02 52.0 34.33 27.0 6.21 2.0 0.00

77.0 146.93 51.0 32.48 26.0 5.66 1.0 0.00

76.0 136.86 50.0 30.72 25.0 5.11 0.0 0.00

75.0 128.78
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PHMSA has projected the number of high-consequence events that are likely to occur over the 
next 20 in the absence of this proposed rule.  This would result in approximately 5 catastrophic 
events over the next 20 years.   

For purposes of this estimation, the costs include fatalities,49 property damage to the town, 
environmental and other cleanup costs, the costs associated with re-routed train traffic, 
evacuation and emergency response costs, and the value of the rail cars and oil that was lost.50  

PHMSA developed a risk model to estimate a range of catastrophic damages by accounting for 
the uncertainties surrounding these estimates and to acknowledge that the cleanup and 
reconstruction efforts are still unfolding one year after the July 6, 2013, derailment and explosion 
in Lac-Mégantic, Quebec.  The fatality and non-fatality damages are dependent on the draw of 
the population density random variable.  Any realized values will be highly correlated.  The 
model represents a Monte Carlo simulation51 by substituting a range of values—a probability 
distribution—for these factors that have inherent estimation uncertainty as seen in the table 
below: 
  

                                                 
49 The U.S. Department of Transportation (USDOT) has established a Value of Statistical Life (VSL) of $9.2 million for 
2014 (http://www.dot.gov/policy).  USDOT’s guidance specifies that the VSL is expected to rise by 1.18 percent per 
year in response to expected increases in real incomes.  That means that, over the 20‐year analysis period, the VSL 
will rise to a value of $11.8 million in the 20th year, and will have an average value over the 20 years of the analysis 
of $10.55 million. PHMSA uses this value to monetize the casualty costs. 
50 PHMSA used an estimate of non‐fatality damages for the Lac‐Mégantic accident of $658,275,160, which 
represents damages other than those associated with lives lost. 
51 Monte Carlo simulation performs an analysis by building models of possible results by substituting a likely range 
of values for any factor that has inherent uncertainty.  The simulation then calculates results over and over, each 
time using a different set of random values from the probability functions, to generate a probability distribution of 
possible outcomes. 
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Table B11. Assumed Distribution of Input Values for Monte Carlo Analysis 

 
Notes: 
 *We chose a triangular distribution for most elements because of its ease of use and because it can show a lower 
limit, an upper limit and a mode for our inputs.  Due to definite lower and upper limits we can avoid extreme values.  
**The population density distribution is a custom distribution with points given by each of the percentiles from 0th 
percentile to 100th percentile in the table above titled “Distribution of Population Densities along Crude Oil and 
Ethanol Rail Routes.” 
 
The model executes 10,000 iterations on the forecasted inputs.  Given the distribution of 
forecasted possible inputs presented in the table above, and assuming an event has an equal 
likelihood of occurrence every year, the following table shows a sampling of 40 possible sets of 
alternative outcomes (and the damages resulting from those outcomes) that might occur over the 
20-year analysis period.   

The scaling factor is calculated by dividing the population density by 136 (which is the 
population density per half-square-km for Lac-Mégantic).  This assumes a linear response to 
changes in population density, a simple but conservative assumption for high-density areas.  The 
non-fatality damage estimates are calculated by multiplying the non-fatality damages by the 
number of events and by the scaling factor relative to Lac-Mégantic.52 The fatality damage 
estimates are calculated by multiplying the number of events by the percent of population 
fatalities, the population density, and the average VSL value over the 20-year period of analysis 
as determined above. 53   
 
 
 
 
 
 
 
 
 
 
 

                                                 
52 For instance, the value calculated for the first iteration $696.6 million = number of events * scaling factor * non‐

fatality damages = (6.36* 0.24 *$647.5 million) 
53 For instance, the value calculated for the first iteration is $981.3 million = number of events * percent of 
population fatalities * population density per half‐square kilometer * average VSL over the 20‐year period of 

analysis = (6.36 * 0.32 * 32.48 * $10.55 million). 

Risk Variables
Probability distribution Point estimate Low Mode High

# of events triangular* 5 2.5 5 7.5

Percent of Population Fatalities triangular* 34% 25.5% 34.0% 37.4%

Baseline Non‐Fatality Value ( $ ) triangular* 658,275,160        493,706,370      658,275,160      822,843,950 

Random Selection of Population Density custom** 141.000               
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Table B12. Sample Outputs of the Risk Model Showing 20-Year Values for Fatality and Non-
Fatality Damages 

 

 

Note: *The value varies randomly according to the triangular distribution of non-fatality damages set forth in table 

titled “Assumed Distribution of Input Values for Monte Carlo Analysis.” 

The distribution of total estimated damages from high-consequence events over 20 years is 
shown as a percentile distribution from 0% to 100% in 5-percentile increments as follows: 
 

# of Events

Percent of 

Population 

Fatalities

Population Density 

per half‐square km
Scaling Factor

Non‐Fatality 

Damages*         

(million) 

Damages‐Fatality 

(million)

Damages‐Non‐

Fatality          

(million)

6.36 0.32 32.48 0.24 $647.5 $981.3 $696.6

5.68 0.35 36.43 0.27 $766.2 $1,163.8 $766.5

5.25 0.32 24.35 0.18 $705.9 $662.7 $429.2

3.84 0.29 157.02 1.15 $691.7 $3,060.8 $1,826.0

5.68 0.32 34.33 0.25 $671.2 $960.3 $651.2

5.14 0.35 29.08 0.21 $759.7 $833.7 $552.0

3.57 0.27 38.74 0.28 $725.8 $737.2 $387.5

5.33 0.31 19.16 0.14 $660.6 $495.5 $332.0

4.14 0.32 157.02 1.15 $745.9 $3,556.7 $2,215.9

3.64 0.31 2.49 0.02 $576.2 $38.4 $29.6

2.97 0.32 0.51 0.00 $640.4 $7.1 $5.1

3.90 0.35 10.90 0.08 $528.2 $164.7 $158.0

5.32 0.34 0.13 0.00 $721.0 $3.7 $2.5

4.73 0.28 5525.53 40.56 $572.7 $109,931.9 $78,343.1

5.83 0.35 107.77 0.79 $672.6 $3,101.3 $2,298.9

4.95 0.31 485.83 3.57 $618.1 $10,919.4 $7,891.8

4.48 0.34 40.90 0.30 $575.0 $773.7 $664.0

4.27 0.31 180.83 1.33 $568.7 $3,221.0 $2,557.9

4.86 0.35 2.19 0.02 $770.3 $60.2 $39.8

4.25 0.35 193.38 1.42 $609.9 $3,681.9 $3,005.5

5.44 0.33 22.91 0.17 $750.4 $686.7 $439.5

5.85 0.33 0.00 0.00 $662.0 $0.0 $0.0

5.61 0.32 38.74 0.28 $694.5 $1,107.5 $741.3

5.83 0.32 0.08 0.00 $628.3 $2.1 $1.6

3.97 0.34 80.21 0.59 $551.3 $1,288.9 $1,147.4

5.09 0.35 1507.25 11.06 $657.4 $37,035.8 $28,002.0

4.78 0.31 6.78 0.05 $587.0 $139.6 $106.0

5.35 0.32 22.91 0.17 $739.0 $664.3 $413.5

5.66 0.35 6.21 0.05 $645.8 $166.4 $128.7

6.94 0.36 402.73 2.96 $688.9 $14,130.8 $10,676.9

5.94 0.35 56.30 0.41 $671.1 $1,646.0 $1,250.9

5.01 0.36 538.13 3.95 $727.1 $14,395.0 $10,167.4

3.10 0.36 8.63 0.06 $579.9 $113.7 $100.9

3.87 0.34 136.86 1.00 $679.2 $2,640.6 $1,877.9

4.49 0.26 0.81 0.01 $654.3 $17.4 $10.0

4.75 0.34 10.90 0.08 $687.2 $261.4 $185.3

4.46 0.31 306.59 2.25 $676.0 $6,784.2 $4,503.5

4.93 0.35 260.43 1.91 $755.1 $7,114.4 $4,710.5

4.58 0.28 5.66 0.04 $516.7 $98.5 $77.8

5.49 0.36 4.57 0.03 $656.5 $120.8 $94.5



49 
 

  



50 
 

Table B13. Distribution of Total Estimated Damages from High-Consequence Events over 20 years 

 

 

The mean of this distribution (i.e., the average estimated non-discounted total damages from 
high-consequence events over 20 years is $7.6 billion.54  The median of the distribution (i.e., the 
50th percentile) is $1.2 billion.  The mean represents the average of all possible future outcomes 
(including some with extremely high damages); the median represents the outcome that has an 
equal probability that the actual outcome will be higher or lower than the median.  The 80th 
percentile value ($7.3 billion) indicates that there is a 20-percent chance that the damages could 
be higher than $7.3 billion. 

                                                 
54 For increased accuracy, this estimate is based on total high‐consequence events damage estimate damage 
estimate over 20 years as a percentile distribution from 0% to 100% in one percentile increments rather than five 
percentile increments. 
 

Percentile
Damages‐Fatality 

(million)

Damages‐Non‐

Fatality          

(million)

Total Damages      

(million)

0% $0 $0 $0

5% $1 $2 $3

10% $8 $11 $18

15% $22 $32 $54

20% $50 $71 $121

25% $89 $126 $215

30% $136 $191 $327

35% $198 $280 $478

40% $280 $400 $681

45% $378 $537 $915

50% $508 $717 $1,225

55% $670 $942 $1,612

60% $892 $1,263 $2,155

65% $1,181 $1,682 $2,862

70% $1,596 $2,268 $3,864

75% $2,167 $3,074 $5,242

80% $3,018 $4,288 $7,306

85% $4,441 $6,346 $10,786

90% $6,924 $9,826 $16,750

95% $12,281 $17,653 $29,934

100% $137,693 $202,848 $340,540
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(2E) Higher Consequence Event Summary 

PHMSA uses the approach described earlier, in which it assumes a specific range of catastrophic 
damages, to estimate the benefits of the provisions of this proposed rule.  PHMSA seeks 
comment on whether the Monte Carlo approach described here might be a better way to produce 
a more accurate estimate of the likelihood of expected benefits. PHMSA also seeks comment on 
what assumptions should be made regarding the central estimates for variables included in the 
analysis, and their probability distributions. 

Table B14 below summarizes the assumptions inherent in both the baseline and catastrophic 
damage estimates.  

Table B14. Comparison of Assumptions: Lower and Higher Consequence Events 
  Lower Consequence Events Higher Consequence Events 

(accidents with significant loss 
of life)

  U.S. Historical 
record (1) 

Projected 2015-
2034 

U.S. 
Historical 
Record

Projected 2015-
2034 (5) 

Number of Annual 
Mainline Crude/ 
Ethanol Derailments  

5 (2)  10.5  0  0 to 0.5 

Number of Mainline 
Crude / Ethanol 
Derailments Per 
Million Carloads 

12.8 (2)  11  0  0 to 0.6 

Population density 
per half sq. km 
along crude/ethanol 
rail lines 

141 Per Half Square 
KM 

 
No change assumed 

 
N/A 

141 (for 9 accidents) 
and 705 (10th 

accident) 

Average Speed at 
Derailment (mph) 

25.1  (2006-13) No change assumed N/A 65 

Average Cars 
Derailed, per 
Mainline 
Derailment 

5 (2006-14) 5 N/A 63 

Average Non-
Medical Cost, Per 
Gallon Released 

 
$5.50(3) 

 
$300 (3)  

 
N/A 

$632 (for 9 
accidents) and 

$3,160 (for 10th 
accident) (6) 

Average Gallons of 
Product Lost, Per 
Mainline 
Derailment 

 
83,602 (2006-14) 

 
83,602   

 
N/A 

 
1,580,000 

Number of non-
hospitalized injuries 
per mainline 
derailment 

 
0.048(4) 

 
.048 

 
N/A 

 
0 

Number of 
Hospitalized 
Injuries Per 

 
0.014 (4) 

 
0.014 

 
N/A 

 
0 
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Mainline 
Derailment 
Number of Fatalities 
Per Mainline 
Derailment 

 .048(4) 0.048 N/A 49 (for 9 accidents) 
and 245 (for 10th 

accident) (7) 
Adjustment to total 
damages made to 
account for industry 
adoption of 
CPC1232 jacketed 
cars 

 
 

N/A 

 
 

.6 x % new CPC in 
year 

 
 

N/A 

 
 

0.6 x % new CPC in 
Year(8) 

(1) As a result of data limitations, estimates use varying source data and time periods to estimate the U.S. historical record. 
See notes (2), (3), and (4). 

(2) Estimate is for 2006 to 2014 is for the number of mainline crude and ethanol derailments and is based on formula 
derived from the derailment rate per million carloads for all commodities, 1995 to 2012. PHMSA uses historical data to 
estimate a linear formula that accounts for a decrease in derailments as a result of regulatory and voluntary safety 
efforts. The formula is: derailment rate = 1.25(year) – 2564.47.   

(3) Based on the Lynchburg, VA accident. PHMSA does not have data on most previous accidents that is sufficiently 
reliable to estimate Non-Medical costs using a greater number of accidents. 

(4) Estimated based on the number of injuries and fatalities per million carloads for crude oil and ethanol, 2006 to 2013. 
PHMSA estimated the number of injuries and fatalities, carloads, and derailments (see note (2) for derailment rate) to 
calculate the rate of injuries and fatalities per derailment. 

(5) The Lac-Mégantic accident in Canada is used as the basis for projecting damages that could occur from a catastrophic 
accident. That accident resulted in the deaths of 47 people and $658.275 million in non-medical damages. Projected 
damages for high-consequence events is scaled based on the difference in population density between the town of Lac-
Mégantic (136), and average population density along crude/ethanol routes in the U.S (141). The scale-up factor for the 
nine high-consequence events is 141/136=1.03. The tenth event is estimated to occur at a population density about five 
times greater than the other nine high-consequence event. 

(6) Estimated as Lac-Mégantic non-medical damages per gallon lost ($658.275 million / 1,580,000 gallons lost) multiplied 
by the scale-up factors described in note (6). See Appendix C for a description of Lac-Mégantic damages. 

(7) Estimated as Lac-Mégantic fatalities per mainline derailment (47, up to 10 derailments) multiplied by the scale-up 
factors described in note (6). This assumes fatalities for 36% of the population within a half-square kilometer of a 
hypothetical accident. See Appendix C for a description of Lac-Mégantic damages.  

(8) Damages were estimated based on accidents involving DOT-111 tank cars. Because PHMSA assumes—in the absence 
of regulations—all newly constructed cars will be Modified CPC 1232s, we adjust the damage pools to reflect higher 
performance standards of the Modified CPC 1232 relative to the DOT-111 car. Enhanced Jacketed CPC 1232’s are 
anticipated to be 40 percent more effective than the DOT-111, and we reduce damages annually based on this 
difference in effectiveness and the proportion of jacketed CPC 1232 cars expected to be in the fleet.  
 

 

PHMSA seeks comments on the following questions regarding our estimates of the number and 
costs of higher-consequence events. The most helpful comments reference a specific portion of 
the proposal, explain the reason for any recommended change, include supporting data, and 
explain the source, methodology, and key assumptions of the supporting data. 

1. What factors should PHMSA consider when estimating the likely number and range of 
higher consequence accidents that may occur over the next 20 years?   

2. Under the second approach outlined above (based on the Lac- Mégantic accident), what 
risk factors, in addition to population density, should PHMSA consider when scaling the 
estimated damages from the Lac-Mégantic accident?  When using population density to 
scale the accident, are there other blast area or methodology PHMSA should consider?  
How should population density factor into estimating fatality rates within the blast area? 
In this analysis, is it reasonable to assume a 34% fatality rate?  

3. In the second approach outlined above, PHMSA assumes that an accident involving 20-
30 cars derailed would generate a similar level of damages to Lac-Mégantic accident, 
which involved over 60 cars derailed.  Is this a reasonable assumption? 
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4. We request comment on the extent to which particular factors impact damages and the 
sources of data available on which PHMSA can evaluate how those factors affect 
damages and to what extent those factors vary along the routes. 

5. Would the Monte Carlo approach using damages associated with the Lac-Mégantic 
accident be a better way to produce a more accurate range of expected benefits? 

6. In a Monte Carlo analysis, what assumptions should PHMSA make regarding what 
variables should be included in the analysis, the central estimates for variables included 
in the analysis, the upper and lower bounds for each variable, and their probability 
distributions? 

7. Another method would be to use the existing U.S. safety record and scale up the damages 
of one or several of the larger incidents in the record to account for possible risk factors 
which might exacerbate the consequence of the incident if a similar accident were to 
occur under different circumstances.  PHMSA seeks comment on what risk factors may 
be appropriate to consider and how they could be expected to increase damages when 
present.   

8. Another method would be to no longer divide the damage pool into higher-consequence 
and lower-consequence events, but instead use the existing U.S. safety record and 
increase the expected damages per derailment to incorporate the potential for higher-
consequence events that are not in that record. 

9. What other strategies for modeling low probability/higher-consequence events should 
PHMSA consider? 

10. To what extent does population density  vary between crude oil routes and ethanol 
routes?  

  

Estimated	Benefits	
 
To estimate the benefits of this proposed rulemaking PHMSA has estimated the effectiveness 
rates of several of the provisions.  The effectiveness rates of the requirements are interdependent 
and some requirements, such as routing, can mitigate both the likelihood and the consequences 
of an accident.  The table below presents the total undiscounted damage pool from which 
benefits are derived.  
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Table B15. Summary of Total Estimated Damages 
 
 
 

 
 

Costs	of	the	Proposed	Requirements		
 
This proposal has six separate requirement areas:  
Requirement Area 1: Rail Routing  
Requirement Area 2: Tank Cars 
Requirement Area 3: Speed Restrictions  
Requirement Area 4: Braking  
Requirement Area 5: Classification of Mined Liquids and Gases  
Requirement Area 6: Notification to SERCs. 
 
In each requirement area the “Proposed Actions” are derived directly from the NPRM.  The 
alternatives considered by PHMSA are discussed separately and include a review of the costs for 
each proposed requirement. PHMSA regards the cost estimate as conservative.  In all likelihood, 
the combined forces of the market and technology may result in costs lower than those 
forecasted. 

Year

High Consequence 
Event Damages - 9 
events, 
undiscounted

High Consequence 
Event Damages - 1 
event, 5 x greater 
undiscounted

Total Upper 
Bound High 
Consequence 
Event Damages

Lower 
Consequence 
Damages, 
Undiscounted

Total Damages, 
undiscounted

2015 456,367,240 253,537,355 709,904,595 324,766,789 1,034,671,384
2016 451,002,580 250,556,990 701,559,570 318,884,170 1,020,443,740
2017 446,317,408 247,954,112 694,271,520 308,663,025 1,002,934,545
2018 442,221,039 245,678,357 687,899,396 298,295,776 986,195,172
2019 438,638,756 243,688,199 682,326,956 288,643,480 970,970,436
2020 440,778,552 244,876,968 685,655,520 281,434,410 967,089,930
2021 442,943,571 246,079,765 689,023,335 270,809,946 959,833,281
2022 445,134,162 247,296,754 692,430,916 260,009,356 952,440,272
2023 447,350,582 248,528,104 695,878,686 247,544,695 943,423,381
2024 449,593,163 249,773,984 699,367,147 235,986,002 935,353,149
2025 451,862,217 251,034,565 702,896,782 222,740,573 925,637,355
2026 454,158,037 252,310,021 706,468,058 207,555,533 914,023,591
2027 456,480,954 253,600,527 710,081,482 194,572,178 904,653,660
2028 458,831,262 254,906,262 713,737,524 181,329,509 895,067,033
2029 461,209,329 256,227,404 717,436,733 168,161,828 885,598,562
2030 463,615,449 257,564,135 721,179,584 155,257,392 876,436,976
2031 466,049,951 258,916,640 724,966,592 143,242,575 868,209,167
2032 468,513,186 260,285,105 728,798,291 131,588,225 860,386,515
2033 471,005,483 261,669,717 732,675,201 120,685,763 853,360,963
2034 473,527,195 263,070,668 736,597,863 110,319,319 846,917,182

Total 9,085,600,117 5,047,555,634 14,133,155,750 4,470,490,543 18,603,646,293
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Requirement	Area	1	–	Rail	Routing	
	

Proposed	Action:	Expansion	of	Hazardous	Materials	Route	Planning	and	Selection		
 
PHMSA is proposing to require rail carriers develop and implement a plan that will result in the 
use of a safer and more secure route for certain trains transporting high hazard flammable liquid.  
 

Determination	of	Need	
 
There has long been considerable public and Congressional interest in the safe and secure rail 
routing of security-sensitive hazardous materials.  In 2008, PHMSA, in coordination with the 
FRA and the Transportation Security Administration (TSA), issued a final rule requiring, among 
other things, that rail carriers compile annual data on certain shipments of explosive, toxic by 
inhalation (TIH or PIH), and Class 7 (radioactive) materials; use the data to analyze safety and 
security risks along rail routes where those materials are transported; assess alternative routing 
options; and make routing decisions based on those assessments (73 FR 20752). These 
requirements were codified at 49 CFR 172.820. 
 
The 2008 rule also requires rail carriers transporting “security sensitive materials” to select the 
safest and most secure route to be used in transporting those materials, based on the carrier’s 
analysis of the safety and security risks on primary and alternate transportation routes over which 
the carrier has authority to operate.  
 
The NTSB report of January 23, 2014 states that at a minimum, the route assessments, 
alternative route analysis, and route selection requirements should be extended to key trains 
transporting large volumes of flammable liquid. NTSB Recommendation R-14-4 recommends 
that PHMSA should: 
  

Work with the Federal Railroad Administration to expand hazardous materials 
route planning and selection requirements for railroads under Title 49 Code of 
Federal Regulations 172.820 to include key trains transporting flammable liquid 
as defined by the Association of American Railroads Circular No. OT-55-N and, 
where technically feasible, require rerouting to avoid transportation of such 
hazardous materials through populated and other sensitive areas. 

 
Although Class I rail carriers committed to voluntarily apply routing requirements to 
trains carrying 20 carloads or more of crude oil as a result of the Secretary’s Call-to-
Action: 
 

 The voluntary actions do not extend beyond Class I railroads;  
 The voluntary actions do not apply to all HHFTs; 
 The proposed routing requirements would provide a check on higher risk routes or 

companies; and  
 The proposed routing requirements would ensure that rail carriers continue their 
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voluntary actions in the future.   

Alternatives	Considered	
	

Alternative	1:	No	Action	Alternative–	Status	Quo	
 
Route planning and route selection provisions currently required for explosive, PIH, or Class 7 
(radioactive) materials are not required for HHFTs.  If the proposed rule is not adopted, railroads 
would not be required to conduct route risk analysis nor are they required to reroute shipments 
over lower-risk routes.  Specific identified criteria for the route and alternate route analyses may 
not be uniformly considered by all railroads, and written analyses of primary and alternate routes 
including safety and security risks would not be required.  While the railroads are expected to 
continue voluntarily implementing these measures for crude oil, they have not made a similar 
commitment for ethanol trains (though PHMSA believes some of them may do so).  The costs to 
society, the government, and the rail industry of an accident involving large shipments of 
flammable liquid are high. If no action is taken, the threat of catastrophic accidents in large 
populated areas or other sensitive environments will continue. 

Alternative	2:		Apply	Routing	to	HHFTs	
  
This alternative would apply safety and security routing assessments and rerouting to HHFTs. 
Railroads would be required to assess current routing of these trains as well as practical 
alternative routes. Railroads would have to choose the lowest risk practical route to move 
HHFTs. This alternative focuses the routing requirements on the flammable liquid shipments that 
pose the greatest risk to public safety.   
 
 
Background	
 
In November 26, 2008 PHMSA issued a final rule that required railroads to select a practicable 
route posing the least overall safety and security risk to transport security sensitive hazardous 
materials (Docket HM-232E: 73 FR 72182).  The final rule implemented regulations requiring 
railroads to compile annual data of current shipment of explosives, PIH and Class 7 (radioactive) 
materials.  The key provisions of that final rule are: 
 

 Rail carriers transporting certain types of hazardous materials (materials that DHS has 
determined to be security-sensitive) must annually compile information and data on the 
commodities transported, including the transportation routes over which these 
commodities are transported.   

 Rail carriers transporting security-sensitive materials must use the data they compile to 
annually analyze the safety and security risks for the route(s) used to transport a security-
sensitive material.  In performing this analysis the rail carrier must seek relevant 
information from State, local, and Native American Indian tribal officials, as appropriate, 
regarding security risks to high-consequence targets and the communities’ emergency 
response capability, along, or in proximity to, the route(s) utilized.  Rail carriers also are 
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required to use the data to analyze the safety and security of all practicable alternative 
routes which the carrier is authorized to use.  When determining practicable alternative 
routes, the rail carrier must consider the use of interchange agreements with other rail 
carriers and the potential economic effects of using the alternative route.  The railroad 
must also consider any remediation measures implemented on a route.  Using this 
process, the carrier must at least annually review and select the practicable route posing 
the least overall safety and security risk.  The initial analysis and route selection must 
include a comprehensive review of a carrier’s entire system.  Subsequent analysis and 
route selection determinations must include a comprehensive, system-wide review of all 
operational changes, infrastructure modifications, traffic adjustments, countermeasures, 
changes in the nature of high-consequence targets located along, or in proximity to, the 
route and changes to community response capabilities, or other changes affecting the 
safety or security of the movements of the security-sensitive materials that were 
implemented during the calendar year.  Rail carriers are required to maintain a copy (or 
electronic image thereof) of the data collected and the routing analysis for at least two 
years and make the records available upon request to authorized officials of the 
Departments of Transportation and Homeland Security.  

 Rail carriers are required to specifically address the security risks associated with 
security-sensitive shipments delayed in transit or temporarily stored in transit as part of 
their security plans. 

 Rail carriers transporting security-sensitive materials are required to notify consignees if 
there is a significant unplanned delay affecting the delivery of the materials. 

 Rail carriers are required to conduct visual security inspections at ground level of rail cars 
containing hazardous materials to inspect for signs of tampering or the introduction of an 
improvised explosive device. 

 
This rule addressed both safety and security concerns associated with the transportation of 
certain types of hazardous materials, particularly PIH materials.  One part of the accompanying 
proposed rule would apply these route analysis, rerouting, and safety and security requirements 
to HHFTs. Because PHMSA believes it is rare that commodities other than crude oil and ethanol 
are shipped in HHFTs, PHMSA restricts the analysis to crude oil and ethanol, though it is 
possible that small quantities of other flammable liquids could be attached to such trains.  
 

AAR	Recommended	Railroad	Operating	Practices	for	Transportation	of	Hazardous	
Materials	
 
At the time that the rail routing rule was promulgated, the rail industry developed a detailed 
protocol on recommended railroad operating practices for the transportation of hazardous 
materials.  The AAR issued Circular No. OT-55-I (OT-55-I), on August 26, 2005.  OT-55-I 
detailed railroad operating practices for:  
 

(1) designating trains as “key trains” that contain  
(i) five tank car loads or more of PIH materials,  
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(ii) 20 car loads or intermodal portable tank loads of a combination of PIH, 
flammable gas, Class 1.1 or 1.2 explosives, and environmentally sensitive 
chemicals, or  
(iii) one or more car loads of spent nuclear fuel or high-level radioactive waste;  

(2) designating operating speed and equipment restrictions for key trains;  
(3) designating “key routes” for key trains, and setting standards for track inspection and 
wayside defect detectors;  
(4) yard operating practices for handling placarded tank cars;  
(5) storage, loading, unloading and handling of loaded tank cars;  
(6) assisting communities with emergency response training and information;  
(7) shipper notification procedures; and  
(8) the handling of time-sensitive materials.  

 
These recommended practices were originally implemented by all of the Class I railroad 
operating in the United States; short line railroads later joined as signatories.  
  
OT-55-I defined a “key route” as: 
 

Any track with a combination of 10,000 car loads or intermodal portable tank 
loads of hazardous materials, or a combination of 4,000 car loadings of PIH 
(Hazard zone A, B, C, or D), anhydrous ammonia, flammable gas, Class 1.1 or 
1.2 explosives, environmentally sensitive chemicals, Spent Nuclear Fuel (SNF), 
and High Level Radioactive Waste (HLRW) over a period of one year.   

 
Any route defined by a railroad as a key route was required to meet the standards contained in 
OT-55-I.  For example, wayside defective wheel bearing detectors should be placed at a 
maximum of 40 miles apart, or an equivalent level of protection may be installed based on 
improvements in technology.  Main track on key routes should be inspected by rail defect 
detection and track geometry inspection cars or any equivalent level of inspection at least twice 
each year.  Sidings on key routes should be inspected at least once a year; and main track and 
sidings should have periodic track inspections that will identify cracks or breaks in joint bars.  
Further, any track that is used for meeting and passing key trains should be FRA Class 2 track or 
higher.  If a meet or pass must occur on less than Class 2 track due to an emergency, one of the 
trains should be stopped before the other train passes.  The rail routing enhancements to the 
existing security rule partly reflected the recommended practices mentioned above, which were 
already in wide use across the rail industry. 
 
On August 5, 2013 the AAR released a new Circular OT-55-N which expanded the definition of 
key trains to include any train with 20 or more carloads of any hazardous material.55 That 
circular placed the following restrictions on such “key trains” which would include any train 
with 20 or more cars of flammable liquid: 
 

1. Maximum speed -- "Key Train" - 50 MPH  

                                                 
55 Available online at http://www.boe.aar.com/CPC‐1258%20OT‐55‐N%208‐5‐13.pdf 
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2. Unless siding or auxiliary track meets FRA Class 2 standards, a Key Train will hold main 
track at meeting or passing points, when practicable.  

3. Only cars equipped with roller bearings will be allowed in a Key Train.  

4. If a defect in a "Key Train" bearing is reported by a wayside detector, but a visual 
inspection fails to confirm evidence of a defect, the train will not exceed 30 mph until it 
has passed over the next wayside detector or delivered to a terminal for a mechanical 
inspection.  If the same car again sets off the next detector or is found to be defective, it 
must be set out from the train.  

In addition to applying a 50-mph speed limit to HHFTs, which is already in effect due to 
universal compliance with Circular OT-55-N, this proposed rule would incorporate the route 
analysis and rerouting requirements, as well as the safety and security requirements described 
above as part of HM-232E to HHFTs. The cost of route analysis and rerouting for PIH trains was 
considered in 2008 in the regulatory evaluation accompanying the final rule.  
	

Route	Analysis	Costs	(Alternative	2)	

	
On February 21, 2014 the AAR committed to apply the existing routing requirements described 
above to unit trains with 20 or more carloads of crude oil.  Class I railroads have signed on to 
this agreement, and will voluntarily apply routing requirements to trains carrying 20 carloads or 
more of crude oil.  Since the Class II and III railroads have not signed on to this commitment, the 
short lines would not voluntarily apply the route analysis requirements to HHFTs, and hence 
would bear costs associated with analyzing their networks, identifying alternative routes, and 
rerouting shipments along lower-risk routes where practicable. However, in practice, Class II and 
III railroads would bear little, if any, cost because much of the work to identify safest routes has 
already been done in compliance with the previous regulation. In addition most short line 
railroads operate along a small number of corridors – often only one – and would therefore not 
have practical alternative routes for HHFTs. These limited networks also mean that analyzing 
primary and alternative routes would be a minor task with de minimis cost for Class III railroads. 
As a result, we assume that the costs associated with this requirement would minimal for Class II 
and III railroads. PHMSA seeks comments on these assumptions.  
 
 This rule applies routing requirements to trains carrying 20 or more carloads of crude oil and 
ethanol.  The AAR voluntary commitment only covers crude oil shipments, which leaves open 
the question of whether any additional burden would be imposed on the requirement to apply 
route analysis and rerouting to ethanol trains as well. PHMSA believes that the cost of covering 
HHFTs containing ethanol, given that railroads are already analyzing their networks to identify 
lower risk routes for PIH and crude oil shipments, would be minimal.  The requirement imposed 
by these regulations is to analyze the entire network to identify lower risk routes.  As described 
in the HM-232E RIA, the per-carrier costs associated with this analysis depend on the size of a 
carrier’s network, which determined the number of primary and alternative routes that must be 
analyzed.  The total costs are influenced by the number of carriers affected – i.e., the number of 
carriers that haul crude oil, PIH, and other high hazard materials covered by current rail routing 
requirements, and should the proposed rule be adopted, HHFTs containing ethanol.  
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PHMSA believes that all Class I and II carriers who haul ethanol also haul these other high-
hazard materials. As a result the inclusion of HHFTs containing ethanol would not result in an 
increase in the number of routes that would have to be analyzed, nor the number of carriers who 
would have to analyze these routes to identify lower-risk alternatives.  Since these networks are 
already being analyzed to identify lower risk routes for PIH and HHFTs containing crude oil, we 
believe that only a minimal amount of additional work, resources, or costs would be imposed by 
the additional requirement of covering high hazard ethanol trains under these requirements. 
PHMSA seeks comment from the industry on whether this assessment is accurate.  
   

Routing	Costs	(Alternative	2)	
 
PHMSA proposes to require rail carriers apply safety and security routing assessments and 
rerouting to HHFTs (Alternative 2).  The routing requirements of this proposed rule require rail 
carriers to use the data it compiles to annually analyze the safety and security risks for the 
transportation route(s) used to transport HHFTs; analyze this data to establish the primary routes 
on which it ships HHFTs; analyze its rail network, consider and weigh 27 risk factors to identify 
any routes that might reduce the risk posed by HHFTs; reassess these risks and routing decisions 
on an annual basis.  Costs associated with the provisions of this NPRM include costs for 
collecting and retaining data and performing the mandated route safety and security analysis if 
not already in place.  When necessary, off-the-shelf software is available to perform routing 
assessments.  There could be additional fuel, maintenance or shipment time if the analysis 
reveals a need to reroute high hazard flammable liquid trains that result in increased mileage.   
 
The costs associated with gathering data and analyzing that data using these new requirements 
are minimal.  Rail carriers and shippers may incur costs associated with rerouting shipments or 
mitigating safety and security vulnerabilities identified as a result of their route analyses.  
However, because this NPRM builds on the current route evaluation and routing practices 
already in place for most, if not all, rail carriers that transport the types of hazardous materials 
covered, we do not expect rail carriers to incur significant costs associated with rerouting.  The 
rail carriers already conduct route analyses and re-routing that provides results in line with what 
this proposed rule is making a standard practice (in accordance with AAR Circular OT-55-N).  
 
The analysis for the HM-232E final rule attributed minimal costs for rerouting shipments to 
lower risk routes.  At the time of publication, PHMSA asked for comment on whether rerouting 
shipments covered under the new proposed regulations would impose an undue burden on the 
industry, and did not receive any adverse comments on the issue. As a result, PHMSA did not 
modify the assumption that rerouting would impose little if any cost on shippers or rail carriers. 
PHMSA and FRA make the same assumption for HHFTs in this RIA. 
 
There is evidence that this assumption is reasonable.  First, the industry has voluntarily agreed to 
apply these same routing requirements to HHFTs containing crude oil, which implies that 
rerouting does not impose a significant burden or at least that the burden does not significantly 
exceed the carriers’ own expected safety benefits from rerouting.  Second, no rerouting would be 
required if no practical alternative route is available. As noted above, the industry has not has not 
expressed concern on this issue in past rulemaking actions.  Thirdly, the routing provisions 
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require the rail carriers to consider various factors when selecting route including length of trip.  
As trip length increases, the exposure to the risk of derailment increases. A shorter route is a 
safer route, all other things held equal.  Rail carriers are required to consider these factors when 
routing the types of hazardous materials covered under the previous rulemaking, and make the 
results of their routing plans available for review. In reviewing these plans, PHMSA and FRA 
observed little if any increase in total shipment mileage as a result of complying with this 
requirement.  
 
Therefore, it seems unlikely that mileage or shipping time increases would impose significant 
costs if routing requirements are applied to HHFTs containing ethanol. Finally, a rail simulation 
study found that substantial risk reduction (reductions in either the likelihood or severity of an 
event) can be achieved through rerouting with very modest increases in shipment mileage. As a 
result, PHMSA does not attribute costs for rerouting of ethanol shipments in this analysis, but 
seeks comment from the industry on this assumption.56  
 
In 2008, PHMSA estimated the cost of compliance with the routing final rule based on the size 
of the company.  In this analysis, Class I and regional railroads (Class II) were considered “large 
railroads” and Class III railroads are considered “small railroads.”  There are 7 Class I railroads, 
10 regional railroads, and more than 500 small railroads.57  Based on consultations with FRA, we 
estimate that only 64 short haul rail carriers haul shipments of flammable liquid large enough to 
fall under the proposed regulations, so the total number of small carriers affected reflects this 
knowledge. 
 
Table R1: Rail Carriers Subject to Routing Requirements 
 

 
Number of Affected Rail Carriers 
by Size
 
17 large rail carriers 
 
64 small rail carriers 
 
81 total 

 
On February 21, 2014 the AAR committed to apply the existing routing requirements described 
above to unit trains with 20 or more carloads of crude oil.  Class I railroads have signed on to 
this agreement, and will voluntarily apply routing requirements to trains carrying 20 carloads or 
more of crude oil.  As a result, no costs are attributed to Class I railroads for developing routing 
plans for crude oil shipments. PHMSA believes Class I railroads may already be applying route 
analysis to ethanol shipments despite the absence of a requirement or commitment to do so. Even 
if this is not the case, we believe there would be a de minimis cost to add ethanol to routing 

                                                 
56 Glickman, Erkut, and Zschocke. 2007. The cost and risk impacts of rerouting railroad shipments of hazardous 
materials. Accident Analysis and Prevention. 39. 1015‐1025. 
57 ‘Railroad Facts’, Association of American Railroads, 2004, p.3. 
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analysis for crude oil. As a result, we attribute no additional cost to Class I railroads to comply 
with these requirements, but seek comments on whether our assumptions are valid.   
 
Since the Class II and III railroads have not signed on to this commitment, we assume Class II 
and III railroads would not voluntarily apply the route analysis requirements to HHFTs, and 
hence would bear costs associated with analyzing their networks, identifying alternative routes, 
and rerouting shipments along lower-risk routes where practicable. In practice, Class II and III 
railroads would bear modest costs because much of the work to identify safest routes has already 
been done in compliance with the previous regulation. In addition, most short line railroads 
operate along a small number of corridors – often only one – and would therefore not have 
practical alternative routes for HHFTs. These limited networks also mean that analyzing primary 
and alternative routes would be a minor task. 
 
The labor rate used to estimate costs is $38.17.  This labor rate is a combination of two employee 
groups listed in the Bureau of Labor Statistics May 2012 Industry-Specific Occupational 
Employment and Wage Estimates.58  The two employee groups used were NAICS 482000-Rail 
Transportation occupational code 11-0000 “Management Occupations” and occupation code 43-
6011 “Executive Secretaries and Executive Administrative Assistants.” To calculate the hourly 
wage rates for every year of the analysis PHMSA takes into consideration an estimated 1.18 
percent annual growth rate in median real wages. 59 After inflating the average hourly wage of 
$38.17 by 1.18%, we get an average hourly wage of $38.62 in 2014. PHMSA then inflates this 
wage by 60 percent to account for fringe benefits and overhead of $23.17 per hour, for a total 
weighted hourly wage of $61.80 in 2014. Following the same series of calculations (and holding 
the fringe benefit constant at $23.17), the total weighted hourly wage in 2015, the first year of 
the analysis, is estimated at $62.25. The resulting average hourly wage rate calculated for the 
subsequent years of the analysis (years 2-20) is $67.21. 
 
PHMSA develops costs analogously to how they were estimated during the HM-232E 
rulemaking. The RIA for that rule presented three cost scenarios, but we present only one here. 
This scenario applies the most pessimistic assumptions from the HM-232E rulemaking about the 
amount of time/labor would be needed to analyze routing of HHFTs. 
 
The routing requirements of this NPRM would require rail carriers to use the data it compiles to 
annually analyze the safety and security risks for the transportation route(s) used to transport 
HHFTs; analyze this data to establish the primary routes on which it ships HHFTs; analyze its 
rail network, and consider 27 risk factors to identify any routes that might reduce the risk posed 
by HHFTs; reassess these risks and routing decisions on an annual basis. We assume that the 
initial incorporation of HHFTs into route analysis would be more resource intensive than 
assessments in later years. This assumption is based on the belief that limited changes in rail 
networks make the task of assessing alternative routes and safety risks easier in later years than 
in the initial year.  

                                                 
58 Available online at http://www.bls.gov/oes/current/oessrci.htm 
59 Based on real wage growth forecasts from the Congressional Budget Office, DOT's guidance estimates that there 
will be an expected 1.18 percent annual growth rate in median real wages over the next 30 years (2013‐2043).  The 
wage rate in 2014 is calculated as follows:  $38.17*1.0118 +$38.17*1.0118*0.6 = $61.80. 
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Annual	Data	Collection	by	Line	Segment	
 
As previously noted, the proposed rule would require a rail carrier transporting HHFTs to use the 
data it compiles to annually analyze the safety and security risks for the transportation route(s) 
used to by these trains. In performing this analysis the rail carrier must consult with state, local, 
and tribal officials, as appropriate, regarding security risks to high-consequence targets, 
countermeasures already in place, and the community emergency response capability along, or in 
proximity to, the route(s) utilized.  
 
Hazmat shipment data is readily available to large railroads.  Because small railroads do not 
frequently carry the hazardous materials addressed in this proposed rule, they may know exactly 
what commodities they carry and when. Small railroads that carry hazmat less frequently may 
not have electronic data and may have to physically search their records for this information.  
Both large and small railroads are assumed to require 40 hours to collect the data with which 
they analyze routes. This data would consist of collecting waybill data on the commodities 
covered by the requirement, examining origins and destinations for these shipments, identifying 
the routes over which these commodities travel, and identifying viable alternative routes. In 
addition, information on the safety characteristics of current routes and alternatives would have 
to be collected. This data includes population densities, derailment rates, track class, etc. These 
costs reoccur annually. The table below presents the estimated costs for this task. 
 
Table R2:  Annual Data Collection by Rail Group   
 

 

Primary	Safety	and	Security	Route	Analyses	(Year	1)	
 
The primary route analyses conducted in year 1 will cost more than the analyses done in 
subsequent years. The cost estimates presented here may overestimate costs for this requirement 
because, as mentioned above, much of the analytical work has already been done to comply with 
previous routing requirements 
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An important determinate of costs is the number of routes that must be analyzed.  An example of 
a route is a major corridor.  Larger railroads carry hazmat farther distances than small railroads.  
Therefore, the large railroads are estimated to have more routes per carrier than the small 
railroads.  It is also anticipated that the larger railroads will have more complex route analyses to 
perform.  Many small railroads do not need to perform sophisticated analyses in order to comply 
with the rule.  In general, it was assumed that the small railroads, due to their limited size, would, 
on average, have no less than one and no more than two primary routes to analyze; so for 64 
small railroads, there is a maximum of 128 primary routes to be analyzed.  Because the distance 
covered by the small railroads’ routes is likely contained within a limited geographic region, the 
hours estimated for analyses are fewer than those estimated for the larger railroads.   
 
The number of routes and hours were used to estimate this cost element to ensure that full costs 
for developing route analyses and choosing alternative routes is captured.  It is assumed that the 
railroads will consider each major corridor as a single route to minimize the number of routes 
analyzed.  The rule does not mandate how the railroads identify each route, but it is reasonable to 
assume that railroads will use economic best practices.  The initial analysis and route selection 
must include a comprehensive review of a carrier’s entire system and include mitigation 
measures that the carrier intends to implement to increase the safety and security of the route(s).   
 
Class II railroads are more likely to have several primary routes; Class III railroads operate over 
less track mileage.  The Class II railroads analyze all alternate routes to determine, given the 
operation knowledge of the carrier, the route of a particular shipment on a particular day. Class II 
railroads are estimated to have a maximum of 50 routes combined.  Class III railroads are 
estimated to have a maximum of 128 routes.  These numbers are high and are not intended to 
suggest that this number of major corridors exist.  The numbers are representative of all possible 
routes for the commodities included in this proposed rule.  These numbers represent existing 
track infrastructure and are overstated to account for further unexpected route changes and 
potential acquisitions that may or may not occur.   
 
Class II railroads are estimated to require 80 hours per route to conduct the initial analysis of 
primary routes.  A Class III railroad is estimated to require 40 hours per route.  The number of 
routes to be analyzed for each Class of railroad is multiplied by the number of hours the primary 
route analyses is anticipated to take, times the hourly labor rate calculated as shown above to 
develop costs for this task. These costs are presented in the table below.  
 
Table R3:  Year 1 Costs of Safety	and	Security	Route	Analyses	
 

 
 

Railroad 
size

Number of 
railroads in class 
affected

Number 
of routes

Number of 
hours per 
route

Labor Rate
Number of routes * 
hours * hourly labor 
rate

Class I 0 0 0 $0.00 $0 
Class II 10 50 80 $62.25 $249,014 
Class III 64 128 40 $62.25 $318,737 

$567,751 

Primary Route Analyses by Rail Group  – Year 1

Total
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Annual	Primary	Safety	and	Security	Route	Analyses	(Years	2‐20)	
 
After the first year’s route analyses are completed, it is expected that analyses performed on the 
same routes in subsequent years will take less time.  We anticipate the majority of the routes 
analyzed in year 1 will continue to be used in future years.  Therefore, these routes would require 
only a review to ensure there have been no changes or planned mitigation measures that would 
impact the analyses in the future years.  It is also assumed that there will be few changes in the 
high-consequence facilities located along or in proximity to these routes.  It is further assumed 
that the railroads would experience some change in commodity flow that will impact their 
primary routes each year.  However, a learning curve is anticipated.  Therefore, the primary route 
analyses would be done every year, but will take fewer hours than the primary route analyses in 
year 1.   
 
Rail companies would analyze the same number of routes in later years as described above in the 
initial year analysis section. Class II railroads are estimated to require 16 hours per route to 
update route analyses on an annual basis.  A Class III railroad is estimated to require 8 hours per 
route.  The number of routes that are to be analyzed for each Class of railroad is multiplied by 
the number of hours the primary route analyses are anticipated to take, times the hourly labor 
rate calculated as shown above. The cost estimates for this task are presented in the table below.  
 
Table R4:  Years 2-20 Costs of Safety and Security Route Analyses 

	
	
	
Alternate	Route	Economic,	Safety,	and	Security	Analyses	(Year	1)	
	
As previously noted, the proposed rule would require a rail carrier operating HHFTs to use the 
data it compiles to annually analyze the safety and security risks for all practicable alternative 
routes which the carrier is authorized to use.  When determining practicable alternative routes, 
the rail carrier would consider the use of interchange agreements with other rail carriers.  We 
expect that rail carriers would also consider the potential economic effects of using the 
alternative route, including, but not limited to, the economics of the commodity, route, and 
customer relationship.  The rail carrier would also consider any remediation measures it intends 
to implement on a route.  Using this process, the carrier would be required, at least annually to 

Railroad 
size:

Number of 
railroads in class 
affected

Number 
of routes

Number of 
hours per 
route

Number of routes * hours 
* hourly labor rate

Class I 0 0 0 $0 
Class II 10 50 16                        1,021,565 
Class III 64 128 8                        1,307,603 

$2,329,169 

Primary Route Analyses by Rail Group – Years 2-20

Total
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compare the safety and security risks on the primary and alternative routes and select the 
practicable route posing the least overall safety and security risk.   
 
When selecting a primary route for the transport of hazmat, rail carriers normally analyze all 
routes they consider commercially and economically practicable.  As stated previously, large rail 
carriers are more likely to have alternate routes than smaller rail carriers, which operate over 
fewer tracks.  The larger rail carriers analyze all practicable alternate routes to determine, given 
the operational knowledge of the rail carrier, the route of a particular shipment on a particular 
day.  The average number of practicable alternate routes analyzed by Class II railroads is 4 per 
railroad.  Larger rail carriers, Class I and Class II, carry hazardous materials farther distances 
than smaller, Class III railroads.  A practicable alternate route may not be available in many 
instances to a Class III railroad.  This analysis conservatively assumes that half of the Class III 
railroads have practicable alternate routes resulting in 32 routes to analyze.  
 
Class II railroads are estimated to require 120 hours to analyze each alternate route in the initial 
year for incorporation of HHFTs into routing plans.  A Class III railroad is estimated to require 
40 hours per alternate route.  The number of routes that are to be analyzed for each class of 
railroad is multiplied by the number of hours the alternate route analyses is anticipated to take, 
times the hourly labor rate calculated as shown above to produce a total cost estimate. These 
figures are presented in the table below.  
	
Table	R5:		Alternate	Route	Analyses	–	Year	1	
	

	
	
Alternate	Route	Economic,	Safety,	and	Security	Analyses	(Years	2‐20)	
	
Subsequent alternative route analysis would include a comprehensive, system-wide review of all 
operational changes; infrastructure modifications; traffic adjustments; changes in the nature of 
high-consequence targets located along, or in proximity to, the routes; and any other changes 
affecting the safety or security of the movements of HHFTs that were implemented during the 
calendar year, as well as mitigation measures the carrier intends to implement. 
 
Performing the alternate route analyses in years 2 through 20 is assumed to require 10 percent of 
the time the first year’s route analyses required.  This is based on estimates of limited changes in 
commodity flow or shipment volume and other changes that would impact practicable alternative 
routes to the primary route.  The previously analyzed alternate routes will require some review to 

Railroad 
size

Number of 
railroads in class

Number 
of routes

Number of 
hours per 
route

Number of routes * hours 
* hourly labor rate

Class I 0 0 0 $0 
Class II 10 40 120 $298,816 
Class III 64 32 40 $79,684 

$378,501 

Alternate Route Analyses by Rail Group – Year 1

Total
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ensure there have been no changes that would impact the analyses in the future years; however, a 
learning curve is anticipated. These costs are presented in the table below.         
 
Table	R6:		Alternate	Route	Analyses	–	Years	2‐20	
	

	
	
Total	Cost.		
	
The table below presents total estimated costs for this proposal over 20 years. These costs reflect 
the resources required to collect data, analyze current shipping routes for flammable liquid 
shipments, and identify alternative routes, where feasible, that lower the overall risk of 
transporting this hazardous material. PHMSA considers these cost estimates to be conservative – 
it is possible that actual costs will be far below those presented here, and unlikely that they 
would be higher.  
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R7:		Annual	Costs	of	Routing	
 

	
	
	
	
	
	
	
	
	
	
	
	
	
	

Year Costs
1 $1,130,522 

2 $338,157 

3 $340,672 

4 $343,218 

5 $345,793 

6 $348,399 

7 $351,036 

8 $353,704 

9 $356,403 

10 $359,134 

11 $361,897 

12 $364,693 

13 $367,522 

14 $370,385 

15 $373,281 

16 $376,211 

17 $379,176 

18 $382,175 

19 $385,211 

20 $388,282 

Totals: $8,015,871 

PV 3% $6,103,093 

PV 7% $4,504,147 

Costs of Regulation by Year
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Table	R8:		Annual	Cost	of	Routing	by	Railroad	Class	
	

	
	

Benefits/Effectiveness	
 
As noted above, Glickman et al analyzed the risk reduction benefits that might be achieved by 
rerouting hazardous material rail shipments to lower risk routes using a rail simulation model.60 
The authors found that substantial risk reductions could be obtained for modest or no increase in 
shipment mileage. In some cases, their modeling identified lower-risk routes that actually 
decreased mileage. Obtainable risk reductions obviously vary depending on the shipment’s 
origin and destination, but the aggregate conclusion for all routes analyzed was that a 22 percent 
risk reduction could be obtained with an increase of roughly 5 percent in total shipment mileage.  

                                                 
60 Glickman,Theodore S. Erkut, Efhan, and Zschocke, Mark S. 2007. The cost and risk impacts of rerouting railroad 
shipments of hazardous materials. Accident Analysis and Prevention. 39. 1015‐1025. 

Year Class II Class III
1           572,731     557,790.36 

2           105,360          232,796 

3           106,144          234,528 

4           106,937          236,281 

5           107,740          238,054 

6           108,552          239,848 

7           109,373          241,663 

8           110,204          243,499 

9           111,045          245,358 

10           111,896          247,238 

11           112,757          249,140 

12           113,628          251,065 

13           114,510          253,012 

14           115,402          254,983 

15           116,304          256,977 

16           117,217          258,994 

17           118,141          261,035 

18           119,075          263,100 

19           120,021          265,190 

20           120,978          267,304 

Totals:        2,718,018       5,297,853 

PV 7%        1,609,436       2,894,711 

Costs of Regulation by Year, by Railroad Class
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It is important to note that risk can be minimized practically in two ways: one is to run shipments 
over the highest-quality track, i.e. track that poses the lowest risk for derailment, collision, or 
other train accident. The other way risk can be reduced is to reduce exposure to train accidents. 
Rerouting can address either or both of these risk factors, but in some cases one factor must be 
traded off against another. 
 
For instance, rail track may be better maintained in high population density areas, therefore, 
accidents may be more likely in a rural area.  However, should a hazardous material train 
accident occur in a high population urban area, the consequences may be much more severe than 
in a less populous area because more people are at risk of exposure, injury or death.  In addition 
property value loss and the amount of infrastructure that may be destroyed is much higher in 
urban, high population areas.  
 
This proposal requires railroads to balance these factors to identify the route that poses the lower 
risk. As such, they may, in certain cases, choose a route that eliminates exposure in areas with 
high population densities but poses a risk for more frequent events in areas with very low 
densities. In other cases the risk of derailment may be so low along a section of track that, even 
though it runs through a densely populated area, it poses the lowest total risk when severity and 
likelihood are considered. Glickman’s estimate of safety improvements achievable by routing 
changes is based on an examination of how routing might vary as a rail carrier applies 
progressively heavier weights on various safety factors. In practice, it is impossible to know how 
much weight rail carriers will give to safety when making routing decisions. As noted above, 
based on past routing plans submitted by rail carriers to FRA for approval, application of the 
routing requirements resulted in modest changes to company routing decisions. It is therefore 
unclear to what extent these requirements would improve safety. However, PHMSA believes 
applying these routing requirements to HHFTs would have some effect. Even if very small, 
reductions in the risk of an adverse event due to the improved routing of HHFTs could produce 
benefits that outweigh the costs. For example, our current estimate of the total undiscounted 
lower-consequence damages of crude and ethanol derailments over the coming 20 years is 
expected to be $4.5 billion.  
 
Using the lower-consequence damages baseline, PHMSA estimates that the Routing 
requirements would break-even if they reduced damages by 0.17%. PHMSA does not conduct a 
break-even analysis based on the combined damages from lower-consequence and higher-
consequence events.  
 
One of the limitations of this break-even analysis is that it compares the costs to a damage pool 
that includes damages that occurred on Class I railroads even though we impute no cost to those 
railroads. While it would be ideal to consider damages involving only class II and III railroads to 
make this comparison, such information has not been developed. If routing were to reduce risk of 
an incident by even one twentieth of one percent, the benefits would outweigh estimated costs 
(excluding the costs of added shipping miles). PHMSA believes this requirement would achieve 
at least that level of effectiveness.  
 
Route planning and route selection provisions currently required for explosive, PIH, or 
radioactive materials are not required on HHFTs.  Although voluntary actions were taken by the 
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crude oil carriers from the Secretary’s Call-to-Action, codification of these provisions is 
necessary.  Codification is also a check on higher risk routes or companies.  There is nothing in 
place/no incentive to require continued compliance with voluntary actions.   
 
If the proposed rule is not adopted, railroads would not be required to conduct route risk analysis 
nor would they be required to reroute shipments over lower-risk routes.  Specific identified 
criteria for the route and alternate route analyses may not be uniformly considered by all 
railroads, and written analyses of primary and alternate routes including safety and security risks 
would not be required.  The costs to society, the government, and the rail industry of an accident 
involving a HHFT are high. If no action to better evaluate routing decisions, the threat of 
catastrophic accidents in large populated areas or other sensitive environments will continue.  

 

Requirement	Area	2	–	Tank	Car	
	
Proposed	Tank	Car	Specification	Requirements	
 
PHMSA is proposing three Options for newly manufactured DOT Specification tank cars that 
will address the risks associated with HHFTs.  In addition, we are proposing to allow for tank 
cars to meet a performance standard equivalent to the selected prescribed tank car standard, 
which could be accomplished by designing a new car or retrofitting existing DOT Specification 
tank cars.  The changes stipulate a new tank car prescribed and performance tank car—the DOT 
Specification 117 tank car—that will be phased in over time depending on the packing group of 
the flammable liquid.  The provisions allow for tank cars to meet a performance standard 
equivalent to the DOT Specification 117, which could be accomplished by retrofitting existing 
DOT Specification 111/CPC-1232 tank cars.  Cars that meet the DOT Specification 117 
performance standard would be designated DOT Specification 117P.  
 
Under the HMR, the offeror must select a packaging that is suitable for the properties of the 
material. The DOT Specification 111 tank car is one of several cars authorized by the HMR for 
the rail transportation of many hazardous materials. The DOT Specification 111 tank car, which 
can be jacketed or unjacketed, is used for the almost all of crude oil and ethanol service by rail. 
 

Table TC1:Current Authorized Tank Cars61 
Flammable 
Liquid, PG I 

Flammable 
Liquid, PG II 
and III 

Combustible 
Liquid 

DOT 103 DOT 103 DOT 103 
DOT 104 DOT 104 DOT 104 
DOT 105 DOT 105 DOT 105 

                                                 
61 Additional information on tank car specifications is available at the following URL: 
http://www.bnsfhazmat.com/refdocs/1326686674.pdf 
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DOT 109 DOT 109 DOT 109 
DOT 111 DOT 111 DOT 111 
DOT 112 DOT 112 DOT 112 
DOT 114 DOT 114 DOT 114 
DOT 115 DOT 115 DOT 115 
DOT 120 DOT 120 DOT 120 
 AAR 206W AAR 206W 
  AAR 203W 
  AAR 211W 

 
 
In 2011, the AAR issued Casualty Prevention Circular (CPC) 1232, which outlines industry 
requirements for certain DOT Specification 111 tanks ordered after October 1, 2011, intended 
for use in ethanol and crude oil service (construction approved by FRA on January 25, 2011 – 
see the Background below for information regarding a detailed description of PHMSA and FRA 
actions to allow construction under CPC-1232).  Key tank car requirements contained in CPC-
1232 include the following: 
 

 PG I and II material tank cars to be constructed to AAR Standard 286; AAR Manual of 
Standards and Recommended Practices, Section C, Car Construction Fundamentals and 
Details, Standard S-286, Free/Unrestricted Interchange for 286,000 lb. Gross Rail Load 
(GRL) Cars (AAR Standard 286); 

 Head and shell thickness must be 1/2 inch for TC-128B non jacketed cars and 7/16 inch 
for jacketed cars;  

 Shells of non-jacketed tank cars constructed of A5l6-70 must be 9/16 inch thick; 

 Shells of jacketed tank cars constructed of A5l6-70 must be 1/2 inch thick; 

 New cars must be equipped with at least 1/2 inch half-head shields; 

 Heads and the shells must be constructed of normalized steel; 

 Top fittings must be protected by a protective structure as tall as the tallest fitting; and 

 A reclosing pressure relief valve must be installed. 

	
The CPC 1232 is a voluntary industry improvement on the DOT Specification 111. The technical 
background for its safety features, as well as the proposed safety features in the three tank car 
options, are described more fully in the preamble to the NPRM. 	
	
In the NPRM, PHMSA proposed the following schedule for continued use of existing DOT 
Specification 111 tank cars in HHFTs, including the recent voluntarily-upgraded CPC 1232 car: 
 
Table TC2:  Effective Dates for New Tank Cars 
 
Packing Group DOT Specification 111 Not 

Authorized After 
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I October 1, 2017 
II October 1, 2018  
III October 1, 2020  

Determination	of	Need 

DOT conducted research on long-standing safety concerns regarding the survivability of the 
DOT Specification 111 tank cars designed to current HMR requirements and used for the 
transportation of crude oil and ethanol. The research found that special consideration is necessary 
for the transportation of crude oil and ethanol in DOT Specification 111 tank cars, especially 
when a train is configured as a HHFT.  It is not possible to completely eliminate the probability 
that an accident involving multiple tank cars will occur.  However, the increased number of 
trains consisting of a large number of tank cars carrying flammable liquid is poses an emergent 
safety risk, as described above.   

We estimate that there are approximately 335,000 tank cars (pressure and non-pressure) in 
today’s fleet, of which 272,000 are DOT Specification 111 tank cars.  Of those 272,000, 
approximately 72,000 cars are used to transport ethanol or crude oil.  Based on the weight of a 
tank car, train speed, and the volume of hazardous materials transported, major derailments often 
result in the release of hazardous materials.  In published findings from the June 19, 2009, train 
accident in Cherry Valley, Illinois, the NTSB indicated that the DOT Specification 111 tank car 
can almost always be expected to breach in the event of a derailment resulting in car-to-car 
impacts or pileups.  

Modeling and simulation of puncture speed velocity of DOT Specification 111 tank cars 
currently used to transport ethanol or crude oil indicate that when struck at  a velocity of 
approximately 7.4 mph at the longitudinal center of the tank shell with a rigid 12” x 12” indenter 
with a weight of 297,000 pounds will result in a puncture.62  Validation of this model has been 
accomplished using the results of puncture tests performed at the Transportation Technology 
Center in Pueblo, CO. Further, based on modeling and simulation, the head of an unjacketed 
DOT Specification 111 tank car, when struck with a 12” x 12” indenter weighing 286,000 
pounds will puncture at 7.6 mph.  Table TC31 provides the tank car shell and head puncture 
velocities of the DOT Specification 117 tank car Options proposed. Similar to the methodology 
for estimating the effectiveness of new cars, PHMSA uses the calculated puncture velocities to 
arrive at risk reduction estimates for retrofits. As discussed below and in the NPRM, these data 
show that the DOT Specification 111 is significantly more likely to puncture than the proposed 
alternatives. 
 
All of the tank car Options discussed in this section are designed to address the survivability of 
the tank car and would mitigate the damages of rail accidents better than the current DOT 
Specification 111.  Specifically, the tank car Options incorporate several enhancements to 
increase puncture resistance; provide thermal protection to survive a 100-minute pool fire; and 
protect top fitting and bottom outlets during a derailment.  Under all Options, the proposed 
system of design enhancements would reduce the consequences of a derailment of tank cars 

                                                 
62 “Detailed Puncture Analyses Tank Cars: Analysis of Different Impactor Threats and Impact Conditions” can be 
found at: http://www.fra.dot.gov/eLib/details/L04420 
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carrying flammable liquids.  There would be fewer car punctures, fewer releases from the service 
equipment (top and bottom fittings), and delayed and reduced volumes of flammable liquid 
releases through the pressure relief devices. 

  

Alternatives	Considered	
 
PHMSA considered the status quo and three tank car options to address this emerging risk and 
they are: 
 
No‐Action	Alternative	
 
This alternative would continue to authorize the use of the non-jacketed and jacketed 
DOT Specification 111 tank cars, including CPC-1232 non-jacketed and jacketed cars, 
for the transportation of crude oil and ethanol. This alternative would impose no benefits 
or costs, because it would require no change in flammable liquid packaging. 
	 
Option	1:	PHMSA	and	FRA	Designed	Tank	Car	
 
This analysis first considers the mandate that both newly manufactured tank cars and 
existing tank cars used for flammable liquids in a HHFT (e.g. crude oil and ethanol) meet 
the Option 1 prescribed car or performance standard with the proposed schedule for 
phasing in the DOT Specification 117, as provided in the table above. 
 
Key features of the Option 1 car include the following: 

 286,000 lb. GRL tank car that is designed and constructed in accordance with AAR 
Standard S-286; 

 Wall thickness after forming of the tank shell and heads must be a minimum of 9/16 inch 
constructed from TC-128 Grade B, normalized steel;  

 Thermal protection system in accordance with § 179.18, including a reclosing pressure 
relief device; 

 Minimum 11-gauge jacket constructed from A1011 steel or equivalent.  The jacket must 
be weather-tight as required in § 179.200-4; 

 Full-height, 1/2 inch thick head shield meeting the requirements of § 179.16(c)(1); 

 Bottom outlet handle removed or designed to prevent unintended actuation during a train 
accident;  

 ECP brakes; and 

 Top fittings protection meeting the requirements of § 179.102-3 (not applicable to 
existing tank cars).	

This option includes the highest safety enhancements of any of the proposed options, and thus is 
expected to yield the highest benefit to safety and the environment. It also has the highest cost of 
any of the three tank car options. 
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Option	2:	AAR	2014	Tank	Car	
 
The second option considered is called the AAR 2014 car. This standard is based on the AAR’s 
recommended new tank car standard, and approximately 5,000 of these new cars have been 
ordered by BNSF Rail Corporation.  
 
The Option 2 car would be required for both newly manufactured tank cars and existing 
tank cars used for flammable liquids in a HHFT.  Tank cars may meet either the 
prescribed car or performance standard with the proposed schedule for phasing in the 
DOT Specification 117, as provided in the table above. 
 
These cars have most of the same safety features as the Option 1 tank car, including the same 
increase in shell thickness, but lack rollover protection and ECP brake equipment.  Installation of 
ECP brake equipment would make the cost differential between the Option 2 car and the Option 
1 car very small. The Option 2 lacks rollover protection, but the additional cost to install rollover 
protection is negligible in comparison to the cost of installing top fittings protection, which is 
standard on a CPC 1232 car. Put another way, PHMSA believes there is little to no marginal cost 
associated with installing rollover protection compared to top fitting protection, but seeks 
comment on whether this belief is accurate. In essence, examining these cars side by side in the 
following analysis provides a de facto comparison of the costs and benefits of equipping HHFTs 
with ECP braking. 
 
This option has the second highest benefits and the second highest costs of the three tank car 
options. 
	
Option	3:	Enhanced	Jacketed	CPC	1232	Tank	Car	
	
The third option is an Enhanced Jacketed CPC 1232 car standard. It is the same as a jacketed 
CPC 1232 standard, described above, but with the same improvements made to the bottom outlet 
handle and pressure relieve valve as with the Option 1 and Option 2 cars.  This standard is the 
car configuration PHMSA believes will be built for HHFT service in absence of regulation, 
based on commitments from two rail car manufacturers/leasers – Greenbrier, Inc. and the 
Railway Supply Institute.  
 
The Option 3 car would be required for both newly manufactured tank cars and existing 
tank cars used for flammable liquids in a HHFT.  Tank cars may meet either the 
prescribed car or performance standard with the proposed schedule for phasing in the 
DOT Specification 117, as provided in the table above.  This alternative would not 
impose new costs for newly manufactured cars, because the industry has committed to 
building Enhanced Jacketed CPC 1232 standard cars for HHFT service, but would 
impose costs associated with retrofitting older DOT Specification 111 cars to meet the 
new performance standard.   
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This car has all of the same safety features of the Option 2 car, except it has 1/8-inch less shell 
thickness. This car also has most of the same safety features of the Option 1 car, but it has 1/8-
inch less shell thickness, does not have ECP brakes, and does not have roll-over protection. 
 
This car is a substantial safety improvement over the current DOT Specification 111 but does not 
achieve the same level of safety as the other two options. It is also the least costly. 
 
Table TC3, below, compares the safety features associated with the three tank car options 
proposed in the NPRM. 
 
 

Table TC3: Safety Features by Tank Car Option (for New Construction) 

 Tank Car 
Bottom 
Outlet 
Handle 

GRL 
(lbs) 

Head 
Shield 
Type  

Pressure 
Relief 
Valve 

Shell 
Thickness 

Jacket 
Tank 

Material 
Top Fittings 
Protection* 

Thermal 
Protection 

System 
Braking 

Option 1: 
PHMSA and 

FRA 
Designed 
Tank Car 

Bottom 
outlet handle 
removed or 
designed to 

prevent 
unintended 
actuation 

during a train 
accident 

286k 

Full-
height, 
1/2 inch 

thick 
head 

shield  

Reclosing 
pressure 

relief 
device 

9/16 inch 
Minimum 

Minimum 11-
gauge jacket 
constructed 
from A1011 

steel or 
equivalent.  The 
jacket must be 
weather-tight  

 TC-128 
Grade B, 

normalized 
steel 

TIH Top fittings 
protection 
system and 

nozzle capable 
of sustaining, 

without failure, a 
rollover accident 
at a speed of 9 

mph 

Thermal 
protection 
system in 

accordance 
with § 
179.18 

ECP 
brakes 

Option 2: 
AAR  2014 
Tank Car 

Bottom 
outlet handle 
removed or 
designed to 

prevent 
unintended 
actuation 

during a train 
accident 

286k 

Full-
height, 
1/2 inch 

thick 
head 

shield  

Reclosing 
pressure 

relief 
device 

9/16 inch 
Minimum 

Minimum 11-
gauge jacket 
constructed 
from A1011 

steel or 
equivalent.  The 
jacket must be 
weather-tight  

 TC-128 
Grade B, 

normalized 
steel 

Equipped per 
AAR 

Specifications 
Tank Cars, 
appendix E 

paragraph 10.2.1 

Thermal 
protection 
system in 

accordance 
with § 
179.18 

In trains 
with DP 
or EOT 
devices 

Option 3: 
Enhanced 
CPC 1232 
Tank Car 

Bottom 
outlet handle 
removed or 
designed to 

prevent 
unintended 
actuation 

during a train 
accident 

286k 

Full 
Height 

1/2 inch 
thick 
head 

shield   

Reclosing 
pressure 

relief 
device 

7/16 inch- 
Minimum  

Minimum 11-
gauge jacket 
constructed 
from A1011 

steel or 
equivalent.  The 
jacket must be 
weather-tight  

 TC-128 
Grade B, 

normalized 
steel 

Equipped per 
AAR 

Specifications 
Tank Cars, 
appendix E 

paragraph 10.2.1 

Thermal 
protection 
system in 

accordance 
with § 
179.18 

In trains 
with DP 
or EOT 
devices 

DOT 
Specification 
111A100W1 
Specification 

(Currently 
Authorized) 

Bottom 
Outlets are 
Optional 

263K 

Optiona
l; Bare 
Tanks 
half 

height; 
Jacket 
Tanks 

full 
height 

Reclosing 
pressure 

relief 
valve 

7/16 inch-
Minimum 

Jackets are 
optional 

TC-128 
Grade B, 

normalized 
steel/ 

Not required, but 
when Equipped 

per AAR 
Specifications 

Tank Cars, 
appendix E 

paragraph 10.2.1 

Optional 
 

Not 
required
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*Please note that PHMSA does not propose to require additional top fittings protection 
for retrofits. While PHMSA expects additional top fittings protection would provide 
enhanced safety protection, the costs of retrofitting existing cars exceed the safety 
benefits by $500 million to $1 billion. Newly constructed cars, however, are required to 
have additional top fittings protection. Except for top fittings protection for retrofits, the 
requirements for newly constructed tank cars and retrofits are the same. 

Baseline	
The baseline for this assessment is the current HMR, with some modifications to account for 
other regulatory initiatives that will reduce the risk of a catastrophic event.  Later in this section 
we use the lower consequence event damages presented as a pool from which to draw benefits. 
At present, we consider the cost of each proposed tank car standard.  

For purposes of analyzing the tank car options, the baseline consists of a forecast of the size of 
the tank car fleet size, and its characteristics, in absence of the proposed tank car standard. 
Regarding the tank car fleet, PHMSA is assuming that all newly constructed tank cars for 
flammable liquid service in HHFTs will adhere to be the Enhanced CPC 1232 standard (Option 
3) in the absence of a revised standard in the HMR.  The CPC 1232 has been the industry 
standard for orders placed after October 2011, and PHMSA assumes that 100 percent of the 
newly constructed tank cars will be CPC 1232 jacketed plus improvements to pressure relief 
devices and bottom outlet values (i.e., the “Enhanced Jacketed CPC 1232”). This an assumption 
based on a commitment recently made by rail car manufacturers.  It is also assumed that the 
DOT Specification 111 and the CPC-1232 cars have life spans of 40 years and 50 years, 
respectively. 
 
These current fleet figures are based on an RSI presentation to NTSB in addition to figures 
supplied by RSI in a Executive Order 12866 meeting with the Department of Transportation and 
the Office of Management and Budget. In the NTSB presentation RSI indicated that as of early 
2014 the combined crude and ethanol fleet stood at approximately 72,000 tank cars. RSI 
indicated an intention of building 37,800 new tank cars meeting either a jacketed or unjacketed 
CPC 1232 standard. The presentation also suggests that the unjacketed cars on order are 
backordered cars, but that going forward the industry plans to build only jacketed CPC 1232 cars 
for all new flammable liquid service orders. That presentation also states that industry capacity is 
approximately 33,800 cars per year. Given the build forecast in that presentation, it is apparent 
that some cars would have to be built in 2014 in order to meet the projected fleet growth by the 
end of 2015. PHMSA assumes that the first orders to be filled will be the unjacketed CPC 1232 
orders, on the assumption that these are the longest outstanding orders. PHMSA assumes these 
cars will be built in 2014, along with an additional 5,000 jacketed CPC 1232 cars. By 2015, the 
earliest year in which this rule is likely to be finalized, PHMSA assumes the remaining 20,300 
jacketed CPC cars on order would be built. These cars, it is assumed, would be built to 
whichever new standard is finalized with promulgation of this rule. PHMSA seeks comment on 
whether the assumptions about fleet composition in 2014-15 are valid, or whether the industry 
might hold off on any new construction until a final tank car standard for HHFTs is promulgated. 
 
Table TC4 shows the current fleet composition:  
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Table TC4: Estimates for current fleet of rail tank cars63 
 

Tank Car Category Population 

Total # of Tank Cars  334, 869 

Total # of DOT Specification 111 272,119 

Total # of DOT Specification111 in 
Flammable Liquid Service 

80,500 

Total # of CPC 1232 in Flammable Liquid 
Service 

17,300 

Total # of Tank Cars hauling Crude Oil  42,550 

Total # of Tank Cars Hauling Ethanol 29,780 

CPC 1232 (Jacketed) in Crude Oil Service 4,850 

CPC 1232 (Jacketed) in Ethanol Service 0 

CPC 1232 (Non-Jacketed) in Crude Oil 
Service 

9,400 

CPC 1232 (Non-Jacketed) in Ethanol 
Service 

480 

DOT Specification 111 (Jacketed) in Crude 
Oil Service 

5,500 

DOT Specification 111 (Jacketed) in 
Ethanol Service 

100 

DOT Specification 111 (Non-Jacketed) in 
Crude Oil Service 

22,800 

DOT Specification 111 (Non-Jacketed) in 
Ethanol Service 

29,200 

 
 
The crude and ethanol fleet is relatively new. Consultation with FRA industry experts, industry 
trade magazines, and crude and ethanol shippers indicates that virtually the entire crude and 
ethanol fleet has been built since 2000.64 The newness of the fleet has implications for retrofit 
costs. Given that these cars have a service life of 40-50 years, we assume that it would be 

                                                 
63 Source: RSI presentation at the NTSB rail safety forum April 22, 2014, update provided on June 18, 2014. 
64 http://ethanolrfa.org/page/‐/rfa‐association‐
site/Industry%20Resources/RFA.Ethanol.Rail.Transportation.and.Safety.pdf?nocdn=1 
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worthwhile to retrofit these cars to a new standard rather than retire them. Hence, PHMSA does 
not consider lost service value due to early retirement of cars. For the same reasons, PHMSA 
assumes no cars would be retired from reaching the end of their service lives, independent of 
retrofit costs. 
 
As a result, our forecast of new construction going forward assumes that no new manufacture 
will be necessary in the next 20 years to replace cars that are retired because they have reached 
the end of their useful life. These cars have a useful lifespan of 40-50 years. If the older cars in 
the fleet are 15 years old, that implies 25 years of useful life remaining for the oldest cars in 
crude and ethanol service. This amount of remaining useful life extends beyond our 20 year 
analysis period. 
 
Based on industry projections, PHMSA estimates that roughly 61,000 new cars will be needed to 
meet demand for increased shipment of crude oil by rail. RSI, in a presentation to the NTSB in 
April of 2014, indicated that they currently have orders for 55,400 tank cars, and intend to build 
37,800 jacketed and non-jacketed CPC 1232 cars by the end of 2015. PHMSA assumes that 
continued growth in crude oil extraction/production will continue to drive new car manufacturing 
at a more modest pace once these outstanding orders are filled, resulting in a total increase of 
61,000 new flammable liquid cars.65 The ethanol fleet is assumed to grow at the same rate as the 
ethanol consumption over the entire forecast period. New construction estimates reflect the 
difference between the fleet sizes each year.  
 
The table below titled, “Fleet Forecasts” presents tank car fleet size forecasts for crude oil and 
ethanol.  Although ethanol shipments are forecast to grow moderately for the coming several 
years, consultation with the industry indicates that the ethanol fleet is large enough at present to 
accommodate the increase in volume. Since there is no demand or need for more ethanol cars 
going forward, PHMSA assumes no growth in the manufacture of ethanol cars. We estimate the 
current ethanol fleet at 30,000 cars. As such, all fleet growth is attributable to the crude oil fleet.  
 
 
 
 
 
 

                                                 
65 See presentation at 
http://www.ntsb.gov/news/events/2014/railsafetyforum/presentations/Panel%201_B_William%20Finn.pdf 
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Table TC5:  Fleet Forecast DOT Specification 111 and CPC 1232 from 2014-2034 

 

Cost	Areas	for	Tank	Car	Options	
 
This section presents the areas of costs associated with the proposed tank car options.  The 
initiative would generate costs in the following areas: 
 

 Incremental cost of newly constructed tank cars: the acquisition cost of the 
PHMSA and FRA design tank car option, compared to the baseline Enhanced 
Jacketed CPC 1232 tank car, is $5,000.  The difference in costs between the two 
cars, multiplied by the forecast of newly constructed tank cars, reflects a societal 
cost; 

 Cost to retrofit existing tank cars: the cost of labor and materials needed to bring 
most of the existing fleet up to the DOT Specification 117P standard. In addition, 
a portion of DOT Specification 111s are projected to be retrofitted with jackets 
and thermal insulation for repurposing to tar sands crude service.  

 Out-of-service costs: in order to implement the retrofits necessary to bring an 
existing car up to the DOT Specification 117P standard, a car will need to be 
taken out of service and cleaned prior to the retrofit.  The lost service value for the 
time needed to complete the retrofits, as well as the cleaning costs, are societal 
costs.  Some retrofits may be conducted during decennial requalification; in these 
cases, the additional time beyond that normally required for a requalification is 
used to develop this cost.  

Total Cars Baseline DOT 111 DOT 111 with Jacket CPC 1232 CPC 1232 with Jacket
2014 89,422                     51,592                  5,600                          22,380                   9,850                           
2015 109,722                   51,592                  5,600                          22,380                   30,150                         
2016 115,544                   51,592                  5,600                          22,380                   35,972                         
2017 121,366                   51,592                  5,600                          22,380                   41,794                         
2018 127,188                   51,592                  5,600                          22,380                   47,616                         
2019 133,010                   51,592                  5,600                          22,380                   53,438                         
2020 133,010                   51,592                  5,600                          22,380                   53,438                         
2021 133,010                   51,592                  5,600                          22,380                   53,438                         
2022 133,010                   51,592                  5,600                          22,380                   53,438                         
2023 133,010                   51,592                  5,600                          22,380                   53,438                         
2024 133,010                   51,592                  5,600                          22,380                   53,438                         
2025 133,010                   51,592                  5,600                          22,380                   53,438                         
2026 133,010                   51,592                  5,600                          22,380                   53,438                         
2027 133,010                   51,592                  5,600                          22,380                   53,438                         
2028 133,010                   51,592                  5,600                          22,380                   53,438                         
2029 133,010                   51,592                  5,600                          22,380                   53,438                         
2030 133,010                   51,592                  5,600                          22,380                   53,438                         
2031 133,010                   51,592                  5,600                          22,380                   53,438                         
2032 133,010                   51,592                  5,600                          22,380                   53,438                         
2033 133,010                   51,592                  5,600                          22,380                   53,438                         
2034 133,010                   51,592                  5,600                          22,380                   53,438                         

Fleet Forecast
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 Repurposing costs: Some of these cars could be transitioned to other services. As 
discussed below, the existing jacketed DOT Specification 111 cars (that do not 
meet CPC 1232 standards) are assumed to be repurposed to haul Alberta tar sands 
crude, which is a combustible rather than flammable liquid. It is believed that 
demand for new cars to haul tar sands crude is sufficient to absorb these jacketed 
cars currently in crude and ethanol service. In addition, we assume that 15 percent 
of older non-jacketed DOT Specification 111s would be repurposed to other uses. 
We assume that all jacketed CPC 1232 cars are also transferred to tar sands 
service. Repurposing involves retrofitting these cars with jackets and thermal 
insulation.  

 Costs resulting from increased weight: the heavier tank cars will lead to increased 
fuel expenditures and more track maintenance. The added weight of the car would 
also likely result in additional fees established by the rail carrier. 

 
Key Assumption: Transfer to Alberta Tar Sands Service. PHMSA expects the demand for tank 
cars to carry heavy crude oil from the Canadian tar sands will start to grow in 2014 and then take 
off in 2016 and 2017.66,67 Tar sands has a high flashpoint and is generally classified as a 
combustible liquid, which means tank cars carrying tar sands will not be covered by this rule. 
While the current fleet has significant useful life remaining, PHMSA assumes that 23,237 
existing cars would be transferred to tar sands service.  
 
First, 7,787 oldest cars in the fleet—unjacketed DOT Specification 111s that do not meet the 
CPC 1232 unjacketed specifications—would be repurposed to Alberta tar sands service rather 
than remaining in flammable liquid service. Retrofitting old DOT Specification 111s to meet the 
DOT Specification 117 standard is expensive—nearly the purchase cost of a DOT Specification 
111. Meanwhile, only jackets and insulation are necessary for tar sands crude service (note: tar 
sands crude is very thick and must be heated to a sufficient temperature to increase its viscosity 
in order to unload the car).  PHMSA assumes that the older cars would be repurposed to tar 

                                                 
66 Tar sands from western Canada produce a heavy crude oil.  The tar sands or oil sands are technically called 
bituminous sands.  Canada has approximately 70 percent of the tar sands in the world.  Until recently the tar sands 
were not considered to be part of the world’s oil reserves.  However, higher oil prices and new technology have 
enabled profitable extraction and processing.   The crude bitumen that is contained in the Canadian oil sands exists 
in the semi-solid or solid phase in natural deposits.  It is a thick and sticky form of a hydrocarbon that is so heavy 
and viscous that it will not flow unless heated or diluted with lighter hydrocarbons.  After the Bakken shale, BNSF 
has noted that the tar sands will be the next big wave which will move from Canada to the U.S. on CN or Canadian 
Pacific then heading to Gulf Coast refineries on BNSF.   It is estimated that the heavy crude oil from the Canadian 
tar sands will start to grow in 2014 and then take off in 2016 and 2017.  The heavy crude oil from the tar sands is 
carbon-heavy and hydrogen-light which is the opposite of light crude which is hydrogen-heavy and carbon-
light.  The high hydrogen content in light crude enables it to flow easily but also makes it very explosive.   The 
bitumen-laden heavy crude from the tar sands is not as volatile as light crude but it may be particularly damaging to 
the environment.   
67 Crude oil forecast from the Canadian Association Petroleum producers 
http://www.capp.ca/getdoc.aspx?DocId=247759&DT=NTV 
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sands crude service because it reduces retrofit costs, is cheaper than buying a new tank car for tar 
sands service, and provides a better return for the remaining service life of the car than fully 
retrofitting the car to keep it in flammable liquid service.  
 
Second, PHMSA expects all 5,600 existing jacketed DOT specification 111 cars (that do not 
meet CPC 1232 standards) would be transferred to tar sands service.  Finally, we assume that 
9,850 jacketed CPC 1232 built before 2015 are also transferred to tar sands service. Since 
transfer of jacketed cars to tar sands service allows these cars to be used, unmodified, for the rest 
of their natural service life, PHMSA assumes the industry would implement this transfer. We 
seek comment on whether these assumptions are valid.  

Costs	of	the	PHMSA	and	FRA	Designed	Tank	Car	(Option	1)	

Unit	Cost	Estimates	

This section presents unit costs used in the analysis to estimate the total costs for the above cost 
areas. We present a cost analysis of the Option 1 tank car, which serves as the basis for the 
analysis of Options 2 and 3. 

 
1.		Incremental	costs	of	Newly	Constructed	Tank	Cars	
 
The cost to manufacture a car to the Option 1 standard is estimated based on the sale price of 
other similar cars, consultation with PHMSA and FRA engineers, and comments received on the 
ANPRM. The Option 1 tank car standard adds several enhancements to a standard DOT 
Specification 111 tank car, resulting in a somewhat higher retail cost.  The difference in costs 
between the Option 1 tank car and the Option 3 tank car is $5,000.  This figure represents the 
incremental costs to a buyer who is required to purchase the Option 1 tank car instead of the 
Option 3 tank car. Relative to the Option 3 tank car, the Option 1 tank car includes: 

 New ECP brakes ($3,000)68 
 An additional 1-8-inch shell thickness ($2,000)69 
 Roll-over protection (roughly equivalent in cost to top fittings protection) 

This $5,000 incremental cost is applied to all new cars. New fleet growth is expected to be: 
14,800 in 2016; 20,720 in 2017; 29,008 in 2018; 675 in 2019; 154 in 2020; and 1,063 in 2021. 
 
As discussed above, PHMSA assumes the 5,600 jacketed DOT Specification 111 and 9,850 
jacketed CPC-1232 tank cars can be repurposed to the demand for heavy crude oil from the 
Canadian tar sands that will start to grow in 2014 and then take off in 2016 and 2017.  Rather 
than purchasing new tank cars to haul tar sands crude, the industry can transition jacketed tank 

                                                 
68 Federal Railroad Administration, ECP Brake System for Freight Service,  Final Report, Booz Allen Hamilton,  
released August 2006. 
69 The extra cost of increased thickness is based on the amount of steel that is required to be added to a 
shell/jacket, and a cost per pound of steel of $0.40 per pound. Source: 
http://www.metalprices.com/p/SteelBenchmarkerFreeChart 
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cars to haul tar sands crude and buy new tank cars to replace the cars lost to flammable liquid 
service. For replacement of these transferred cars, the cost difference is $5,000 per tank car.  
 
In addition, as described above, 7,787 of the oldest unjacketed DOT Specification 111s in crude 
oil and ethanol service are repurposed to tar sands crude by fitting them with jackets and thermal 
insulation. For replacement of these 7,787 transferred cars, the incremental cost for buying a new 
Option 1 tank car rather than an Option 3 tank car is $5,000. Please note that, as described below, 
the DOT Specification 111 transferred to tar sands service would have a retrofit cost of $27,000 
($23,000 for a jacket and $4,000 for thermal insulation). 
 
2.	Cost	of	Retrofitting	Existing	Tank	Cars	

 
The estimated costs to retrofit the various configurations of current in-service tank cars came 
from comments submitted to the docket by Watco and RSI. Both commenters provided detailed 
cost information on each of the enhancements necessary to bring older cars up to the new 
performance standard. These include the cost of top fitting protections, jackets, thermal 
protection or replacement of the pressure relief valve, a new bottom outlet valve handle, full-
height head shields, and ECP brake installation (for Option 1).  

  
Table TC6: Retrofit Costs for Public Comments 
Retrofit Option Cost 
Bottom outlet valve handle $1,200 
Pressure relief valve $1,500 
New truck $16,000 
Thermal protection $4,000 
Full jacket $23,000 
Full height head shield $17,500 
Top fitting protection (if no 
top fitting protection) 

$24,500 

ECP brakes $5,000 
 
Two retrofit options—increased 1/8-inch thickness and roll-over protection—were not included 
in the public comments providing cost estimates. We expect that tank cars will meet the Option 1 
standard by adding 1/8-inch thickness to the retrofitted jacket (increasing the jacket thickness 
from its usual 11-gauge thickness), and we assume this thicker jacket costs an additional $2,000 
(from the estimated $23,000 cost for an 11-gauge jacket). In addition, we do not estimate the cost 
of roll-over protection, because we expect it to be small. 

Key Assumption: No new trucks needed. In consultation with FRA and PHMSA tank car 
engineers, we have made modifications to the costs presented by Watco and RSI. Firstly, the 
crude and ethanol fleet is relatively new—PHMSA believes the vast majority of cars in crude 
and ethanol service have been built in the past 15 years. As a result, cars in this service should 
have a truck which would support the extra weight of the retrofits. PHMSA believes all cars 
manufactured in this time period were built to a 286,000 lbs. weight limit, which would include a 
truck that would support the extra weight of retrofits. The cost of a new truck is therefore not 
incorporated into the cost of retrofits for any configuration of tank car.  
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Key Assumption: Cost of full-height head shield included in $23,400 jacket cost. In addition, all 
retrofit cars will have to have jackets and thermal insulation applied to meet the puncture 
resistance and survivability standards established by this rule. We assume no car would have to 
have full height head shields mounted directly on the body—the cost of new head shields is built 
into the cost of a jacket. It is also PHMSA’s understanding that adding full height head shields to 
a jacket during the manufacturing process would not increase costs other than the cost of 
material. PHMSA estimates the extra material required for full height head shields would be 
approximately 974 pounds of steel, which at $0.40 per pound would cost $386 per jacket. 
PHMSA rounds this figure to $400 and increases retrofit costs by that amount.  

Key Note: No required top fittings for retrofitted tank cars. In addition, as noted in the preamble 
and above, retrofit requirements do not mandate top fittings protection, so those costs are omitted 
from the analysis. All the other tank car models described here have top fittings protections (or 
rollover protection) as a standard feature.  

We expect two types of cars to be retrofitted: the unjacketed DOT Specification 111 and the 
unjacketed CPC-1232. The cost of upgrading an unjacketed DOT Specification 111 to the 
PHMSA and FRA designed car standard is presented in the table below. Please note we assume 
some level of returns to scale given the volume of retrofits, so we apply 10 percent cost reduction 
factor. 

Table TC7: Retrofit Costs for the Unjacketed DOT Specification 111 

Retrofit Option Cost 

Bottom outlet valve handle retrofit cost $1,200  

Pressure relief valve retrofit cost $1,500  

Thermal protection  retrofit cost $4,000  

Full jacket  retrofit cost (assumed to included 
full-height head shield cost) 

$23,400  

Increased 1/8-inch thickness (assumed to be 
added to jacket) 

$2,000 

ECP brakes  retrofit cost $5,000  

Roll-over protection cost Not Required  

Unadjusted Total $37,100 

Economies of scale cost reduction 10% 

Adjusted Total $33,390 

 

Non-jacketed CPC 1232 cars need less extensive retrofits, because they have 1/8-inch greater 
thickness than unjacketed DOT Specification 111s.We again assume some level of returns to 
scale given the volume of retrofits, assuming costs are reduced by 10 percent. The final retrofit 
costs are presented in the table below.  

 

Table TC8:Retrofit Costs for the Unjacketed CPC 1232 
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Retrofit Option Cost 

Bottom outlet valve handle retrofit cost $1,200  

Pressure relief valve retrofit cost $1,500  

Thermal protection  retrofit cost $4,000  

Full jacket  retrofit cost (assumed to included 
full-height head shield cost) 

$23,300*  

Increased 1/8-inch thickness (assumed to be 
added to jacket) 

$1,500* 

ECP brakes  retrofit cost $5,000  

Roll-over protection cost Not Estimated  

Unadjusted Total $36,500 

Economies of scale cost reduction 10% 

Adjusted Total $32,850 

* Because the CPC 1232 has better puncture resistance when compared to a legacy DOT 
Specification 111, we reduced the costs of features that improve puncture resistance for this car 
modestly.  

 
	
3.	Out	of	Service	Costs	(Lost	Service	Value)	
 
PHMSA used a rental price of capital approach to estimate the service value of the tank cars; 
these values are needed to develop cost estimates for taking cars out of service to retrofit them. 
The approach takes into account depreciation and the opportunity costs of the asset, amortizing 
the acquisition costs over the average life span of the cars.  PHMSA assumed a 7 percent interest 
rate, and 40 and 50 year life spans for the DOT Specification 111s and CPC-1232s respectively.  
The acquisition cost of the non-jacketed DOT Specification 111 was assumed to be $60,000, 
with the non-jacketed CPC-1232s being $85,000.  These assumptions produce the annual service 
values listed in the table below. 
 
PHMSA also estimates that retrofitting DOT Specification 111 cars would take an average of 12 
weeks, and retrofitting CPC-1232 cars would take 8 weeks. As shown below, the annual values 
presented above are prorated accordingly and used to value the lost service time. 
 

 
Table TC9:Value of Lost Service 

Tank Car Annual Service Value 
Time Out-Of-
Service from 

Retrofits 

Total Lost Service 
Value from 

Retrofits 

DOT Specification 111 
(Non-Jacketed) 

$4,474 
12 weeks $1,033 
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CPC-1232 (Non-
Jacketed) 

$6,137 
8 weeks $944 

 

PHMSA and FRA solicit comments from industry on how these values compare to the annual 
costs of leasing these types of tank cars. PHMSA and FRA solicit comments on the time out-of-
service estimates and whether they will increase as a result of an industry-wide retrofit. 
 
4.	Cost	of	Repurposing	Existing	Tank	Cars	
 
As mentioned during the discussion of the incremental cost of replacement cars, 7,787 
unjacketed DOT Specification 111 are assumed to be transferred to Alberta tar sands service. 
These cars need retrofitted jackets and thermal insulation for tar sands crude service, because tar 
sands crude is very thick and must be heated to a sufficient temperature to increase its viscosity 
in order to unload the car. The total cost of retrofits and thermal insulation is $27,000. In this 
analysis, PHMSA applies a 10% reduction to account for economies of scale and increased labor 
productivity resulting in a total retrofit cost of $24,300.70   

 
As noted above, PHMSA assumes all 5,600 jacketed DOT Specification 111 cars and 9,850 
jacketed CPC 1232 cars also would be transferred into service hauling Alberta tar sands oil. We 
assume no costs from this transfer. 
 
5.	Costs	Resulting	from	Increased	Weight	 
 
We expect that the Option 1 car will be heavier than all of the existing cars as well as the Option 
3 car that would be newly constructed in the absence of this rule.  We estimate no costs from 
capacity loss, because we find that existing cars and the Option 3 car can withstand modification 
to the PHMSA and FRA designed car and still fall under the 286,000 GRL level. The additional 
safety features of the proposed new tank car standard could increase the weight of an unloaded 
tank car.  For instance, all proposed Options for the DOT Specification 117 car include head 
shields, a jacket, thicker tank shell steel, and other safety features not required in DOT 
Specification 111 tank cars.  Additional weight for the tank car could lead to a reduction in 
lading capacity per tank car, as rail cars must be under the applicable gross rail weight (GRL) 
when fully loaded.  However, PHMSA and FRA believe there will not be less capacity in 
practice, for the following reasons: 

1. PHMSA is proposing a performance standard and expects that the regulations will spur 
innovation in tank car design and construction.  Industry is currently evaluating new, 
tougher steels as well as composite materials and crash energy management systems 
intended to improve energy absorption with little or no weight penalty. Innovation will be 
driven by a desire to decrease the tare weigh of the tank car.  Assuming the market will  
be interested if the new materials will restore the pre-117 tare weight, the reduction will 
be at least 9%.  This decrease in the tare weight will increase the load limit (carrying 

                                                 
70 Jackets ($23,000) + Thermal Insulation ($4,000) – 10% for economies of scale and increased labor productivity 
($2,700) = $24,300 
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capacity) of the car by 9%.  Accordingly a shipper will need a smaller fleet and will pay 
for fewer shipments.  These savings will negate the cost of innovative materials. 

2. When considering risk associated with decreased tank car load limit it is the number of 
trains and derailment rate that is relevant.  DOT believes the railroads will optimize unit 
train length which may result in longer trains.  Optimization will be based on a number of 
factors including train length, available horse power, grade along route, required speed, 
loading rack capacity and loop size.  Because there are so many variables it is difficult to 
predict the change in operations resulting from a potential decrease in load limit.  As 
such, DOT is seeking comment on the issue.     

3. The DOT Specification 117 is authorized operate at a GRL of 286,000 lbs.  The 
regulations currently authorize the DOT Specification 111 to operate at a GRL of 
263,000 lbs. However, DOT Specification 111 tank cars that meet the minimum 
standards provided in FRA’s Federal Register Notice of January 25, 201171 are permitted 
to operate at a GRL of up to 286,000 lbs.  The proposed tank car specifications meet 
those minimum requirements and PHMSA and FRA believe that the additional weight of 
the safety features will be accommodated by the increase in allowable GRL and will not 
decrease the load limit (or innage) as indicated in the table below.  For example, a 
jacketed CPC 1232 can be loaded to 1% outage and not weigh 286,000 pounds 
(approximately 281,000 pound) and as such, there is no capacity gain to be had unless the 
allowable GRL is increased beyond 286,000. 

4. Primarily bridge capacity along the routes limits the GRL of a particular railroad or 
segment of rail.  The primary concern for this issue is the terminal railroads.  DOT 
believes all of the Class I RRs are capable of 286K.  The ASLRRA, website indicates that 
nearly half of its member railroads are capable of moving tank cars with a gross rail load 
of 286K.  There is very little specific information provided and perhaps a RR has a trestle 
on a line not capable of handling a 286,000 car that would not necessarily affect the 
delivery of crude oil to a customer because the trestle exists beyond the delivery 
point.  DOT is requesting information from industry that will provide a better 
understanding of the capacity of the terminal railroads.  

 
The increased weight is estimated in the table below: 
 
Table TC 10: Estimated Weight of Tank Cars 
Tank Car Characteristics Gross 

Rail 
load 

Estimate
d Tare 
Weight 

Ethanol 
Allowable 
Innage* 
(6.58 
lbs./gallon) 

Crude Oil 
Allowable 
Innage 
(6.78 
lbs./gallon
) 

GRL 
Ethanol 

GRL 
Crude 

                                                 
71 This FR Notice required compliance with AAR standard S286.  AAR Standard S‐286 applied to four axel freight 
cars designed and designated to carry a gross rail load of greater than 268,000 pounds and up to 286,000 pounds.  
The standard includes requirements for car body design loads, fatigue design, brake systems. Bearings, axels, 
wheels, draft system, springs, trucks, and stenciling. 
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DOT Specification  111 
specification non-jacketed 

263K 67,800 29,666  28,790 263,000 263,000 

286K 67,800 29,700 29,700 233,226 269,166 
DOT111/Enhanced 
CPC1232 non jacketed 

263K 75,200 28,540 27,699 263,000 263,000 
286K 75,200 29,700 29,700 270,626 276,566 

DOT111/Enhanced 
CPC1232 jacketed 

263K 80,800 27,690 26,873 263,000 263,000 
286K 80,800 29,700 29,700 276,226 282,166 

DOT117 263K 85,500 26,976 26,180 263,002 263,000 
286K 85,500 29,700 29,572 280,926 286,000 

Innage is the volume of material in the tank car tank.  29,700 gallons is the minimum 
allowable outage (1%) on a 30,000 gallon capacity car. 
 
PHMSA expects increased weight would have two primary effects: (1) increase in fuel expenses 
and (2) increase in repair and maintenance expenses, including track maintenance. 
 
To estimate the increase in fuel expenses required for the additional weight of the retrofits, 
PHMSA developed an estimate of rail fuel expenditures per ton-mile.  To develop the estimate, 
PHMSA relied on CSX data indicating that the railroads can move a ton of freight 450 miles 
using one gallon of fuel,72 or that 1 ton-mile requires 1/450 gallons of fuel.  To value this figure, 
PHMSA assumed an average retail price for diesel of $3.51 per gallon73—$3.90 reduced by 10 
percent to allow for bulk purchase discounts.  The resulting cost per ton-mile is estimated to be 
$0.0078.74 

To estimate the increase in repair and maintenance expenses resulting from the additional weight 
of the retrofits, PHMSA developed an estimate of the railroads repair and maintenance 
expenditures per ton-mile.  Operating expenditures by the railroads were obtained from STB’s 
Statistics of Class I Railroads; PHMSA used the repair and maintenance line items for rails and 
tracks, ties, bridges and culverts, roadways, and tunnels and subways.  These expenses were then 
divided by total freight ton-miles in the U.S., estimated using the rail public waybill data, and 
inflated to 2013 using BLS’ producer price index for railroads.  The cost per ton-mile is 
estimated to be $0.000826. 

Table TC11: Increased Fuel and Maintenance Costs 

Tank Car 

Increased 
weight to 
achieve 
PHMSA 
and FRA 
designed 

Miles Per 
Year, Per Car

Additional 
Fuel Costs 
per Ton-

Mile 

Additional 
Maintenance 

Cost per 
Ton-Mile 

Annual 
Additional 
Fuel and 

Maintenance 
Costs 

                                                 
72 See http://www.csx.com/index.cfm/about‐csx/projects‐and‐partnerships/fuel‐efficiency/ 
73 Energy Information Administration. Gasoline and Diesel Fuel Update. Available online at 
http://www.eia.gov/petroleum/gasdiesel/ 
74 Extra ton‐miles total 77.6 billion over 20 years. The associated cost was calculated as follows: Each car is 
estimated to make nine 1,100 mile trips per year. The cost of extra fuel is calculated by multiplying the number of 
trips (9) by the miles per trip (1,100) by the average extra weight per car (7.65 tons) by the cost of fuel per ton mile 
($0.0078) or extra maintenance ($0.00083) by the number of cars.   
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car 
standard 

Retrofitted 
Unjacketed DOT 
Specification 111  

11.93 tons 9,900 $0.0078 $0.00083 $1,019 

Retrofitted 
Unjacketed CPC 
1232  

7.5 tons 9,900 $0.0078 $0.00083 $641 

Enhanced 
Jacketed CPC 
1232 

3 tons 9,900 $0.0078 $0.00083 $256 

 

Development	of	Total	Cost	
 
In this section, PHMSA combines the per unit cost estimates with quantity estimates to produce 
total costs estimates for the different cost factors. 
 
There is a relationship between retrofitting costs, new construction costs, out-of-service costs and 
lost value of service; therefore, it is necessary to present these costs as a group, together with the 
methodology used to develop them. 

Timing Assumptions 
 
1. Tar Sands Service Transfer: Occurs in 2017 for Jacketed Cars and in 2018 for Unjacketed 
Cars: First, PHMSA assumed that the jacketed tank cars are transferred to transport Alberta tar 
sands crude oil, which can be transported as a combustible liquid under the HMR. This implies 
that these cars will have to be replaced with new construction by October 1, 2017.  Since the 
transferred jacketed cars would still be hauling crude oil the replacement cars are factored into 
our fleet forecast figures. Unjacketed DOT Specification 111s would be transferred in 2018, for 
the reasons outlined in the following assumptions, and their replacement cars would be 
constructed in the same year. 
 
2. Retrofitting: All Unjacketed Cars are in PG II and III Service, which has a 10/1/18 deadline 
Second, PHMSA assumed that non-jacketed cars are used for both Package Groups II and III, 
and that shippers would adhere to the October 1, 2018 deadline rather than trying to reserve cars 
specifically for Package Group III (which would allow them to extend their deadline to 2020).  
 
3. Retrofitting: Occurs from 2016 to 2018 (one-third in each year).  Third, due to the large 
number of retrofits, we assumed that companies would begin retrofitting tank cars in 2016 for the 
2018 compliance date. In all PHMSA estimates that 66,185 cars would need to be retrofit and 
believes that insufficient shop space is available to retrofit that many cars in a single year. We 
therefore assume retrofitting would phase in over 3 years, with a third of the cars being retrofit in 
each year.  
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4. New Construction: Production of cars constructed to the new standard are assumed to be 
produced beginning in early 2015. As noted above, PHMSA assumes that beginning in 2015 cars 
would be constructed to the new standard, at a $5,000 cost differential compared to a jacketed 
CPC 1232 car. We forecast that 20,300 cars would be built in this year. In later years, new 
construction due to continued growth in demand for cars moderates to 5,800 cars constructed per 
year in years 2016 – 2019. These cars are in addition to newly constructed cars to replace those 
transferred to tar sands service 

Methodology	
To facilitate the calculations, the same methodology was used to develop estimates for the 
following four groups: 

 Jacketed Ethanol Fleet 

 Jacketed Crude Petroleum Fleet 

 Non-Jacketed Ethanol Fleet 

 Non-Jacketed Crude Petroleum Fleet 
 
The methodology consists of the following five (5) steps.  The computations for these five steps 
are listed below: 
 

Step 1: Calculate the Cost of Building New Cars for Replacements: As noted above, 
roughly 15,450 jacketed cars are assumed to be transferred to Canadian tar sands crude 
service in 2017. This implies that these cars will have to be replaced with new 
construction by October 1, 2017.  In addition, 7,787 unjacketed cars are assumed to be 
transferred to Canadian tar sands crude service. This implies that these cars will have to 
be replaced with new construction by October 1, 2018.  The incremental cost to replace 
these cars with the Option 1 car, instead of Option 3, is $5,000.  

Step 2: Calculate the Cost of New Construction for Non-Replacement Growth: The 
demand for new tank cars is based on two sources: replacement investment and new 
investment. Replacement investment occurs when companies purchase a new car to 
replace one they are transferring to a different service.  New investment occurs when 
companies increase the size of their fleet to accommodate growth in the markets they 
serve.  Replacement investment was addressed in Step 1 above.  New investment was 
calculated in a similar fashion.  Again, PHMSA assumed that all buyers would have 
purchased Option 3 car instead of the Option 1 car. For each year in the forecast horizon 
PHMSA multiplied the growth in the fleet by the incremental acquisition cost of $5,000.   

Step 3: Calculate Retrofitting Costs: For the retrofitting costs PHMSA used the unit cost 
presented in table above titled, “Retrofitting Costs by Car Type” combined with cost 
estimates for taking the cars out-of-service to conduct the retrofits. PHMSA calculated 
that 14,601 unjacketed DOT Specification 111 cars would be retrofitted annually 
beginning in 2016 – October of 2018 at a cost of $34,433 per retrofit, including unit costs 
($33,390) and out of service costs ($1,033). PHMSA calculated that 7,460 unjacketed 
CPC 1232 cars would be retrofitted per year over this same time frame at a cost of 
$33,844 per retrofit, including unit costs ($32,850) and out of service costs ($944).  
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For the unit costs, PHMSA took the adjusted totals presented in Tables TC8 and TC9. 
For the out-of-service costs, as explained above and shown in Table TC10, PHMSA 
divided the values in table titled “Annual Service Values per Car”  by 52 to put them on a 
weekly basis, and then multiplied them by the estimated number of weeks needed to 
conduct the retrofits (12 weeks for unjacketed DOT Specification 111s, 8 weeks for 
unjacketed CPC-1232s). Thus, PHMSA calculated that unjacketed DOT Specification 
111 cars would have an out-of-service cost of $1,033. PHMSA calculated that unjacketed 
CPC 1232 cars would have an out-of-service cost of $944.  

In addition, as explained above, there is a $24,300 retrofit cost to jacket and insulate the 
7,787 unjacketed DOT Specification 111s that are transferred to tar sands crude service. 
There are no costs for the jacketed DOT Specification 111s and jacketed CPC 1232s that 
are transferred to tar sands service. 

Step 4: Compute Total Increased Operating Expenditures. Total increased operating 
expenditures resulting from the increased weight of the retrofits were estimated for fuel 
and for repair and maintenance.  The cost estimates were developed by multiplying the 
number of retrofitted tank cars operating each year by the per-unit costs, the additional 
weight of the retrofits (in tons), the average number of carloads per tank car, and an 
estimate of the average miles per carload.  The average number of carloads per tank car 
was estimated by dividing total crude oil and ethanol carloads (from the waybill) by the 
respective fleet size.  Estimates for average miles per carload were developed using the 
waybill data. As shown in Table TC 12, this methodology generates an increase in annual 
operating expenditures of $1,019 for retrofitted unjacketed DOT Specification111 cars 
(starting in 2018), $641 for retrofitted unjacketed CPC 1232 cars (starting in 2018), and 
$256 for newly constructed cars (starting in 2016). 

Step 5: Compute Present Values: The yearly costs over the forecast horizon were 
converted to present values using a 7 percent discount rates. 

 
 
Total	Cost	Estimates	
	
 
The following table summarizes the key inputs and sources into our total cost estimates: 
 
Table TC12: Summary of Cost Estimates 
Tank Car Option 1: FRA and PHMSA Designed Car 
Variable Formula/Input Source 
Number of DOT Specification 111 Unjacketed 
Retrofitted 2016-2018 

43,805 tank cars DOT Estimate 

Unit Cost Per Retrofit of DOT Specification 
111 Unjacketed 

$33,390 DOT Adaptation of Watco 
Companies, L.L.C. Public Comment 
on the 2013 APRM 

Time Out-of-Service Cost of DOT 
Specification 111 Unjacketed 

$1,033 DOT Adaptation of Watco 
Companies, L.L.C. Public Comment 
on the 2013 APRM 

Additional Fuel and Maintenance Costs Per 
Year, Relative to FRA and PHMSA Designed 
Car(based on 11.93 tons of additional weight) 

$1,019 DOT Adaptation of EIA and CSX 
Corporation Data 
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Tank Car Option 1: FRA and PHMSA Designed Car 
Variable Formula/Input Source 
Number of DOT Specification 111 Unjacketed 
Transferred to Tar Sands Service in 2018 

7,787 tank cars DOT Estimate 

Unit Cost Per Retrofit of DOT Specification 
111 Unjacketed 

$24,300 DOT Adaptation of Watco 
Companies, L.L.C. Public Comment 
on the 2013 APRM 

Time Out-of-Service Cost of DOT 
Specification 111 Unjacketed 

$1,033 DOT Adaptation of Watco 
Companies, L.L.C. Public Comment 
on the 2013 APRM 

Additional Fuel and Maintenance Costs Per 
Year, Relative to FRA and PHMSA Designed 
Car 

Not Estimated N/A 

Number of DOT Specification 111 Jacketed 
Retrofitted 2016-2018 

None DOT Estimate 

Unit Cost Per Retrofit of DOT Specification 
111 Jacketed 

N/A N/A 

Time Out-of-Service Cost of DOT 
Specification 111 Jacketed 

N/A N/A 

Additional Fuel and Maintenance Costs Per 
Year, Relative to FRA and PHMSA Designed 
Car 

N/A N/A 

Number of DOT Specification 111 Jacketed 
Transferred to Tar Sands Service in 2016 

5,600 tank cars DOT Estimate 

Unit Cost Per Retrofit of DOT Specification 
111 Jacketed 

$0 DOT Estimate 

Time Out-of-Service Cost of DOT 
Specification Jacketed 

$0 DOT Estimate 

Additional Fuel and Maintenance Costs Per 
Year, Relative to FRA and PHMSA Designed 
Car 

Not Estimated N/A 

Number of CPC 1232 Unjacketed Retrofitted 
2016-2018 

22,380 tank cars DOT Estimate 

Unit Cost Per Retrofit of CPC 1232 
Unjacketed 

$32,850 DOT Adaptation of Watco 
Companies, L.L.C. Public Comment 
on the 2013 APRM 

Time Out-of-Service Cost of CPC 1232 
Unjacketed 

$944 DOT Adaptation of Watco 
Companies, L.L.C. Public Comment 
on the 2013 APRM 

Additional Fuel and Maintenance Costs Per 
Year, Relative to FRA and PHMSA Designed 
Car (based on 7.5 tons of extra weight) 

$641 DOT Adaptation of EIA and CSX 
Corporation Data 

Number of CPC 1232 Unjacketed Transferred to 
Tar Sands Service in 2018 

None DOT Estimate 

Unit Cost Per Retrofit of CPC 1232 
Unjacketed 

N/A N/A 

Time Out-of-Service Cost of CPC 1232 
Unjacketed 

N/A N/A 

Additional Fuel and Maintenance Costs Per 
Year, Relative to FRA and PHMSA Designed 
Car 

N/A N/A 

Number of CPC 1232 Jacketed Retrofitted 2016-
2018 

None DOT Estimate 

Unit Cost Per Retrofit of CPC 1232 Jacketed N/A N/A 
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Tank Car Option 1: FRA and PHMSA Designed Car 
Variable Formula/Input Source 

Time Out-of-Service Cost of CPC 1232 
Jacketed 

N/A N/A 

Additional Fuel and Maintenance Costs Per 
Year, Relative to FRA and PHMSA Designed 
Car 

N/A N/A 

Number of CPC 1232 Jacketed Transferred to 
Tar Sands Service in 2017 

9,850 tank cars DOT Estimate 

Unit Cost Per Retrofit of CPC 1232 Jacketed $0 DOT Estimate 
Time Out-of-Service Cost of CPC 1232 
Jacketed 

$0 DOT Estimate 

Additional Fuel and Maintenance Costs Per 
Year, Relative to FRA and PHMSA Designed 
Car 

Not Estimated N/A 

Number of New PHMSA and FRA Designed 
Cars Constructed, 2015-2019 

66,825 tank cars DOT Estimate 

Incremental Cost of New PHMSA and FRA 
Designed Cars, Relative to Enhanced Jacketed 
CPC 1232 

$5,000 DOT Estimate 

Other Costs from Factory Re-Tooling or 
Capacity Issues 

Not Estimated N/A 

Additional Fuel and Maintenance Costs Per 
Year, Relative to FRA and PHMSA Designed 
Car (based on 3 tons of extra weight) 

$256 DOT Adaptation of EIA and CSX 
Corporation Data 

Tank Car Capacity Loss from Enhanced Tank 
Car Standards 

None DOT Estimate 

Number of Tank Car Early Retirements (as a 
result of the cost of retrofits), 2015-2034 

None DOT Estimate 

Number of Tank Car Retirements from End-of-
Service Life, 2015-2034 

None DOT Estimate 

Number of Retrofitted Cars Needing New Trucks 
(for all tank car options) 

None DOT Estimate 

Loading Facility Capacity Decrease None DOT Estimate 

Percentage of Track Capable of Handling 
286,000 pounds of Gross Rail Load (GRL) 

100% DOT Estimate 

Percentage of DOT Specification 111 Unjacketed 
and CPC 1232 Unjacketed in PG II and PG III 
service 

100% DOT Estimate 
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Table TC13: Undiscounted Costs for the PHMSA/FRA Design Car 
 

 
 
 
 
 

 
 
 

Table TC14: Total Present Value Costs for PHMSA and FRA Designed Tank Car 
 

Year New Construction
111 Tar Sands 
Transfer

Retrofits (Includes 
Jacketed Tar 
Sands Transfer

Fuel and 
Maintenance Total

2015 $101,500,000 $0 $0 $9,579,054 $111,079,054
2016 $29,110,000 $0 $754,730,980 $30,723,567 $814,564,548
2017 $29,110,000 $0 $831,980,980 $57,499,754 $918,590,735
2018 $29,110,000 $38,935,000 $951,995,407 $82,254,978 $1,102,295,385
2019 $29,110,000 $0 $0 $83,746,453 $112,856,453
2020 $0 $0 $0 $83,746,453 $83,746,453
2021 $0 $0 $0 $83,746,453 $83,746,453
2022 $0 $0 $0 $83,746,453 $83,746,453
2023 $0 $0 $0 $83,746,453 $83,746,453
2024 $0 $0 $0 $83,746,453 $83,746,453
2025 $0 $0 $0 $83,746,453 $83,746,453
2026 $0 $0 $0 $83,746,453 $83,746,453
2027 $0 $0 $0 $83,746,453 $83,746,453
2028 $0 $0 $0 $83,746,453 $83,746,453
2029 $0 $0 $0 $83,746,453 $83,746,453
2030 $0 $0 $0 $83,746,453 $83,746,453
2031 $0 $0 $0 $83,746,453 $83,746,453
2032 $0 $0 $0 $83,746,453 $83,746,453
2033 $0 $0 $0 $83,746,453 $83,746,453
2034 $0 $0 $0 $83,746,453 $83,746,453
Total $217,940,000 $38,935,000 $2,538,707,368 $1,520,000,610 $4,315,582,977

Undiscounted PHMSA and FRA Design Cost Stream
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Year New Construction
111 Tar Sands 
Transfer

Retrofits (Includes 
Jacketed Tar 
Sands Transfer

Fuel and 
Maintenance Total

1 $94,859,813 $0 $0 $8,952,387 $103,812,200
2 $25,425,801 $0 $659,211,268 $26,835,154 $711,472,223
3 $23,762,431 $0 $679,144,308 $46,936,927 $749,843,666
4 $22,207,880 $29,703,325 $726,272,738 $62,751,929 $840,935,871
5 $20,755,028 $0 $0 $59,710,064 $80,465,092
6 $0 $0 $0 $55,803,798 $55,803,798
7 $0 $0 $0 $52,153,082 $52,153,082
8 $0 $0 $0 $48,741,198 $48,741,198
9 $0 $0 $0 $45,552,522 $45,552,522
10 $0 $0 $0 $42,572,450 $42,572,450
11 $0 $0 $0 $39,787,337 $39,787,337
12 $0 $0 $0 $37,184,427 $37,184,427
13 $0 $0 $0 $34,751,801 $34,751,801
14 $0 $0 $0 $32,478,319 $32,478,319
15 $0 $0 $0 $30,353,569 $30,353,569
16 $0 $0 $0 $28,367,821 $28,367,821
17 $0 $0 $0 $26,511,982 $26,511,982
18 $0 $0 $0 $24,777,554 $24,777,554
19 $0 $0 $0 $23,156,592 $23,156,592
20 $0 $0 $0 $21,641,675 $21,641,675

Total $187,010,953 $29,703,325 $2,064,628,313 $749,020,588 $3,030,363,180

PHMSA and FRA Design Cost Stream, Discounted at 7%
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Costs	of	Enhanced	CPC1232	Standard	(Option	3)	

PHMSA also considers another standard that mandates all cars to meet or exceed the 
performance achieved by an Option 3 tank car (described above). This car is already in 
production and is the standard the tank car manufacturers have committed to build to for 
flammable liquid unit train service. The costs for mandating this standard are developed in this 
section. The cost analysis is similar to that for the Option 1, with the following changes: 

1. Our baseline assumption is that this car would be the car that is produced in the in 
absence of regulation. As a result, we assume no incremental costs associated with 
building new cars to satisfy growing demand for tank cars to ship crude oil and ethanol in 
unit trains. 

2. The industry would either produce new Option 3 car for tar sands, or use the jacketed 
DOT Specification 111s unmodified for tar sands service and build a new Option 3 car 
for flammable liquid service. Since transfer of jacketed 111s to tar sands service allows 
these cars to be used, unmodified, for the rest of their natural service life, PHMSA 
assumes the industry would implement this transfer. Therefore, we estimate no costs for 
replacing transferred jacketed cars. 

3. The retrofit costs for both the DOT Specification 111 unjacketed and CPC 1232 
unjacketed costs would be lower, because the Option 3 tank car does not require ECP 
brakes, roll-over protection, or increased shell thickness. 

4. The additional fuel and maintenance costs would decrease for all retrofitted and newly 
constructed cars, because the Option 3 tank car is lighter than the Option 1 tank car. 

5. Legacy Jacketed CPC 1232 cars would also be transferred to tar sands service. These cars 
would need to be retrofitted with a modified BOV handle and better PRV to remain in 
HHFT service. PHMSA assumes transfer to tar sands service would be possible at 
negligible cost but seeks comment on whether altering leasing agreements impose costs 
not anticipated by PHMSA. Since installing an alternative BOV handle and PRV on a 
new car is assumed not to impose costs when compared to installing the old PRV and 
BOV handle, we do not attribute any marginal cost to replacing these cars with Option 3 
cars. There are 9,850 cars that were built with the older-design PRV and BOV handle.  

We continued all other assumptions listed in the cost analysis for the Option 1 car. For example, 
we continue to assume unjacketed DOT Specification 111s mentioned would require more 
substantial retrofits to remain in flammable liquid service than would be the case if they are 
jacketed with thermal protection for tar sands service, so we continue to estimate these cars 
would be jacketed and used in tar sands service. The table below summarized the information 
that feeds into the cost analysis for this tank car option. 
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Table TC15: Retrofit Costs for the Unjacketed DOT Specification 111 (to 
Option 3 Tank Car) 

Retrofit Option Cost 

Bottom outlet valve handle retrofit cost $1,200  

Pressure relief valve retrofit cost $1,500  

Thermal protection  retrofit cost $4,000  

Full jacket  retrofit cost with half height head shields $23,000  
Unadjusted Total $29,700  

Economies of scale cost reduction 10% 

Adjusted Total $26,730  
  

 

Table TC16: Retrofit Costs for the Unjacketed CPC 1232 (to Option 3 Tank 
Car) 

Retrofit Option Cost 

Bottom outlet valve handle retrofit cost $1,200  

Pressure relief valve retrofit cost $1,500  

Thermal protection  retrofit cost $4,000  

Full jacket  retrofit cost* $22,400  
Unadjusted Total $29,100  

Economies of scale cost reduction 10% 

Adjusted Total $26,190  
* Because the CPC 1232 already has better puncture resistance and half-height 
head shields the jacket retrofit cost is assumed to be somewhat lower than for the 
DOT Specification 111 
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Table TC17:Increased Fuel and Maintenance Costs, Option 3 Tank Car 

Tank Car 

Increased 
weight to 
achieve 

Enhanced 
Jacketed 

CPC 1232 

Miles 
Per 

Year, 
Per 
Car 

Additional 
Fuel Costs 
per Ton-

Mile 

Additional 
Maintenance 

Cost per 
Ton-Mile 

Annual 
Additional 
Fuel and 

Maintenance 
Costs 

Retrofitted Unjacketed 
DOT Specification 111 

8.93 tons 9,900 $0.01  $0.00  $763  

Retrofitted Unjacketed 
CPC 1232 

4.5 tons 9,900 $0.01  $0.00  $384  

  

TC18: Summary of Cost Estimates for an Option 3 Tank Car 
Tank Car Option 3: Enhanced Jacketed CPC 1232 Car 
Variable Formula/Input Source 
Number of DOT Specification 111 Unjacketed 
Retrofitted 2016-2018 

43,805 tank cars DOT Estimate 

Unit Cost Per Retrofit of DOT Specification 
111 Unjacketed 

$26,730 DOT Adaptation of Watco 
Companies, L.L.C. Public Comment 
on the 2013 APRM 

Time Out-of-Service Cost of DOT 
Specification 111 Unjacketed 

$1,033 DOT Adaptation of Watco 
Companies, L.L.C. Public Comment 
on the 2013 APRM 

Additional Fuel and Maintenance Costs Per 
Year, Relative to Enhanced Jacketed CPC 
1232 (based on 8.93 tons of extra weight) 

$763 DOT Adaptation of EIA and CSX 
Corporation Data 

Number of DOT Specification 111 Unjacketed 
Transferred to Tar Sands Service in 2018 

7,787 tank cars DOT Estimate 

Unit Cost Per Retrofit of DOT Specification 
111 Unjacketed 

$24,300 DOT Adaptation of Watco 
Companies, L.L.C. Public Comment 
on the 2013 APRM 

Time Out-of-Service Cost of DOT 
Specification 111 Unjacketed 

$1,033 DOT Adaptation of Watco 
Companies, L.L.C. Public Comment 
on the 2013 APRM 

Additional Fuel and Maintenance Costs Per 
Year, Relative to Enhanced Jacketed CPC 
1232 

Not Estimated N/A 

Number of DOT SPECIFICATION 111 
Jacketed Retrofitted 2016-2018 

None DOT Estimate 

Unit Cost Per Retrofit of DOT Specification 
111 Jacketed 

N/A N/A 

Time Out-of-Service Cost of DOT 
Specification 111 Jacketed 

N/A N/A 

Additional Fuel and Maintenance Costs Per 
Year, Relative to Enhanced Jacketed CPC 
1232 

N/A N/A 
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Tank Car Option 3: Enhanced Jacketed CPC 1232 Car 
Variable Formula/Input Source 
Number of DOT Specification 111 Jacketed 
Transferred to Tar Sands Service in 2017 

5,600 tank cars DOT Estimate 

Unit Cost Per Retrofit of DOT Specification 
111 Jacketed 

$0 DOT Estimate 

Time Out-of-Service Cost of DOT 
Specification 111 Jacketed 

$0 DOT Estimate 

Additional Fuel and Maintenance Costs Per 
Year, Relative to Enhanced Jacketed CPC 
1232 

Not Estimated N/A 

Number of CPC 1232 Unjacketed Retrofitted 
2016-2018 

22,380 tank cars DOT Estimate 

Unit Cost Per Retrofit of CPC 1232 
Unjacketed 

$24,300 DOT Adaptation of Watco 
Companies, L.L.C. Public Comment 
on the 2013 APRM 

Time Out-of-Service Cost of CPC 1232 
Unjacketed 

$944 DOT Adaptation of Watco 
Companies, L.L.C. Public Comment 
on the 2013 APRM 

Additional Fuel and Maintenance Costs Per 
Year, Relative to Enhanced Jacketed CPC 
1232 (based on 4.5 tons of extra weight) 

$641 DOT Adaptation of EIA and CSX 
Corporation Data 

Number of CPC 1232 Unjacketed Transferred 
to Tar Sands Service in 2018 

None DOT Estimate 

Unit Cost Per Retrofit of CPC 1232 
Unjacketed 

N/A N/A 

Time Out-of-Service Cost of CPC 1232 
Unjacketed 

N/A N/A 

Additional Fuel and Maintenance Costs Per 
Year, Relative to Enhanced Jacketed CPC 
1232 

N/A N/A 

Number of CPC 1232 Jacketed Retrofitted 
2016-2018 

None DOT Estimate 

Unit Cost Per Retrofit of CPC 1232 Jacketed N/A N/A 
Time Out-of-Service Cost of CPC 1232 
Jacketed 

N/A N/A 

Additional Fuel and Maintenance Costs Per 
Year, Relative to Enhanced Jacketed CPC 
1232 

N/A N/A 

Number of CPC 1232 Jacketed Transferred to 
Tar Sands Service in 2017 

9,850 tank cars DOT Estimate 

Unit Cost Per Retrofit of CPC 1232 Jacketed $0 DOT Estimate 
Time Out-of-Service Cost of CPC 1232 
Jacketed 

$0 DOT Estimate 

Additional Fuel and Maintenance Costs Per 
Year, Relative to Enhanced Jacketed CPC 
1232 

Not Estimated N/A 

Number of New CPC 1232 Jacketed 
Constructed, 2015-2019 

66,825 tank cars DOT Estimate 

Incremental Cost of CPC 1232 Jacketed, 
Relative to Enhanced Jacketed CPC 1232 

$0 N/A 

Other Costs from Factory Re-Tooling or 
Capacity Issues 

Not Estimated N/A 
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Tank Car Option 3: Enhanced Jacketed CPC 1232 Car 
Variable Formula/Input Source 

Additional Fuel and Maintenance Costs Per 
Year, Relative to Enhanced Jacketed CPC 
1232 

$0 N/A 

Tank Car Capacity Loss from Enhanced Tank 
Car Standards  

None DOT Estimate 

Number of Tank Car Early Retirements (as a 
result of the cost of retrofits), 2015-2034 

None DOT Estimate 

Number of Tank Car Retirements from End-of-
Service Life, 2015-2034 

None DOT Estimate 

Number of Retrofitted Cars Needing New Trucks 
(for all tank car options) 

None DOT Estimate 

Loading Facility Capacity Decrease None DOT Estimate 

Percentage of Track Capable of Handling 
286,000 pounds of Gross Rail Load (GRL) 

100% DOT Estimate 

Percentage of DOT Specification 111 
Unjacketed and CPC 1232 Unjacketed in PG II 
and PG III service 

100% DOT Estimate 

 

Tables TC 19 and TC 20 summarize the 20 year cost streams for this tank car option. The first 
table presents undiscounted costs, the second costs discounted at a 7 percent discount rate. 

TC19: Undiscounted Costs for the Option 3 Tank Car  

 



101 
 

 

TC20: Costs for the Option 3 Tank Car Discounted at 7% 

 

Year

Retrofit Costs 
(including tar 
sands transfer) Fuel and MaintenanTotal

2015 $0 $0 $0
2016 $607,800,280 $14,001,296 $621,801,577
2017 $607,800,280 $28,002,592 $635,802,873
2018 $805,064,707 $45,614,599 $850,679,306
2019 $0 $45,614,599 $45,614,599
2020 $0 $45,614,599 $45,614,599
2021 $0 $45,614,599 $45,614,599
2022 $0 $45,614,599 $45,614,599
2023 $0 $45,614,599 $45,614,599
2024 $0 $45,614,599 $45,614,599
2025 $0 $45,614,599 $45,614,599
2026 $0 $45,614,599 $45,614,599
2027 $0 $45,614,599 $45,614,599
2028 $0 $45,614,599 $45,614,599
2029 $0 $45,614,599 $45,614,599
2030 $0 $45,614,599 $45,614,599
2031 $0 $45,614,599 $45,614,599
2032 $0 $45,614,599 $45,614,599
2033 $0 $45,614,599 $45,614,599

2034 $0 $45,614,599 $45,614,599
Total $2,020,665,268 $817,452,074 $2,838,117,342

Undiscounted 20 Year Cost Stream for CPC 1232 Standard
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Year

Retrofit Costs 
(including tar 
sands transfer) Fuel and MaintenanTotal

2015 $0 $0 $0
2016 $530,876,304 $12,229,274 $543,105,578
2017 $496,146,078 $22,858,457 $519,004,535
2018 $614,180,010 $34,799,159 $648,979,170
2019 $0 $32,522,579 $32,522,579
2020 $0 $30,394,933 $30,394,933
2021 $0 $28,406,480 $28,406,480
2022 $0 $26,548,112 $26,548,112
2023 $0 $24,811,320 $24,811,320
2024 $0 $23,188,149 $23,188,149
2025 $0 $21,671,167 $21,671,167
2026 $0 $20,253,428 $20,253,428
2027 $0 $18,928,437 $18,928,437
2028 $0 $17,690,128 $17,690,128
2029 $0 $16,532,830 $16,532,830
2030 $0 $15,451,243 $15,451,243
2031 $0 $14,440,414 $14,440,414
2032 $0 $13,495,714 $13,495,714
2033 $0 $12,612,817 $12,612,817
2034 $0 $11,787,679 $11,787,679

Total $1,641,202,393 $398,622,320 $2,039,824,712

20 Year Cost Stream for CPC 1232 Standard, Discounted at 7%
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Costs	of	the	AAR	2014	Standard	(Option	2)	

PHMSA also considers another standard that mandates all cars to meet or exceed the 
performance achieved by a Option 2 - AAR 2014 tank car (described above). The costs for 
mandating this standard are developed in this section.  

The cost analysis is similar to that for the Option 1 car, with the following changes: 

1. The incremental cost for newly constructed car—relative to the baseline Option 3 tank 
car—would be lower, because the Option 2 does not require ECP brakes or roll-over 
protection. Because PHMSA estimates the cost of ECP brakes on a new car at $3,000, 
and does not estimate the cost of roll-over protection, the incremental cost for a new 
Option 2 is $2,000 (instead of $5,000 for an Option 1 car). 

2. The retrofit costs for both the DOT Specification 111 unjacketed and CPC 1232 
unjacketed costs would be lower, because the Option 2 car does not require ECP brakes. 

 

Table TC 21: Unit Cost of Retrofitting Unjacketed DOT Specification 111 (to Option 2 
Tank Car) 

Retrofit Option Cost 

Bottom outlet valve handle retrofit cost $1,200  

Pressure relief valve retrofit cost $1,500  

Thermal protection  retrofit cost $4,000  

Full jacket  retrofit cost (assumed to included 
full-height head shield cost) 

$23,400  

Increased 1/8-inch thickness (assumed to be 
added to jacket) 

$2,000 

ECP brakes  retrofit cost $0  

Roll-over protection cost Not Required 

Unadjusted Total $32,100 

Economies of scale cost reduction 10% 

Adjusted Total $28,890 
 

Table TC 22: Unit Cost of Retrofitting an Unjacketed CPC 1232 (to Option 2 Tank Car) 

Retrofit Option Cost 

Bottom outlet valve handle retrofit cost $1,200  

Pressure relief valve retrofit cost $1,500  
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Thermal protection  retrofit cost $4,000  

Full jacket  retrofit cost (assumed to included 
full-height head shield cost) 

$23,300  

Increased 1/8-inch thickness (assumed to be 
added to jacket) 

$1,500 

ECP brakes  retrofit cost $0  

Roll-over protection cost Not Estimated  

Unadjusted Total $31,500 

Economies of scale cost reduction 10% 

Adjusted Total $28,350 
 

We continued all other assumptions listed in the cost analysis for the PHMSA and FRA designed 
car. For example, we continue to assume unjacketed DOT Specification 111s mentioned would 
require more substantial retrofits to remain in flammable liquid service than would be the case if 
they are jacketed with thermal protection for tar sands service, so we continue to estimate these 
cars would be jacketed and used in tar sands service. 

Table TC23:Increased Fuel and Maintenance Costs, Option 2 Tank Car 

Tank Car 

Increased 
weight to 
achieve 

AAR 
2014 car 

Miles 
Per 

Year, 
Per 
Car 

Additional 
Fuel Costs 
per Ton-

Mile 

Additional 
Maintenance 

Cost per 
Ton-Mile 

Annual 
Additional 
Fuel and 

Maintenance 
Costs 

Retrofitted 
Unjacketed 
DOT 
Specification 
111  

11.5 tons 9,900 $0.01  $0.00  $945  

Retrofitted 
Unjacketed 
CPC 1232  

7.07 tons 9,900 $0.01  $0.00  $546  

Modified 
Jacketed 
CPC 1232 

2.57 tons 9,900 $0.01  $0.00  $199  
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Table TC24: Summary of Cost Estimates for Option 2 Tank Car	
Tank Car Option 2: AAR 2014 Car 
Variable Formula/Input Source 
Number of DOT Specification 111 Unjacketed 
Retrofitted 2016-2018 

43,805 tank cars DOT Estimate 

Unit Cost Per Retrofit of DOT Specification 
111 Unjacketed 

$28,890 DOT Adaptation of Watco 
Companies, L.L.C. Public Comment 
on the 2013 APRM 

Time Out-of-Service Cost of DOT 
Specification 111 Unjacketed 

$1,033 DOT Adaptation of Watco 
Companies, L.L.C. Public Comment 
on the 2013 APRM 

Additional Fuel and Maintenance Costs Per 
Year, Relative to AAR 2014 car (based on 
11.5 tons of extra weight) 

$945 DOT Adaptation of EIA and CSX 
Corporation Data 

Number of DOT Specification 111 Unjacketed 
Transferred to Tar Sands Service in 2018 

7,787 tank cars DOT Estimate 

Unit Cost Per Retrofit of DOT Specification 
111 Unjacketed 

$24,300 DOT Adaptation of Watco 
Companies, L.L.C. Public Comment 
on the 2013 APRM 

Time Out-of-Service Cost of DOT 
Specification 111 Unjacketed 

$1,033 DOT Adaptation of Watco 
Companies, L.L.C. Public Comment 
on the 2013 APRM 

Additional Fuel and Maintenance Costs Per 
Year, Relative to  AAR 2014 car 

Not Estimated N/A 

Number of DOT Specification 111 Jacketed 
Retrofitted 2016-2018 

None DOT Estimate 

Unit Cost Per Retrofit of DOT Specification 
111 Jacketed 

N/A N/A 

Time Out-of-Service Cost of DOT 
Specification 111 Jacketed 

N/A N/A 

Additional Fuel and Maintenance Costs Per 
Year, Relative to  AAR 2014 car 

N/A N/A 

Number of DOT Specification 111 Jacketed 
Transferred to Tar Sands Service in 2017 

5,600 tank cars DOT Estimate 

Unit Cost Per Retrofit of DOT Specification 
111 Jacketed 

$0 DOT Estimate 

Time Out-of-Service Cost of DOT 
Specification 111 Jacketed 

$0 DOT Estimate 

Additional Fuel and Maintenance Costs Per 
Year, Relative to  AAR 2014 car 

Not Estimated N/A 

Number of CPC 1232 Unjacketed Retrofitted 
2016-2018 

22,380 tank cars DOT Estimate 

Unit Cost Per Retrofit of CPC 1232 
Unjacketed 

$28,350 DOT Adaptation of Watco 
Companies, L.L.C. Public Comment 
on the 2013 APRM 

Time Out-of-Service Cost of CPC 1232 
Unjacketed 

$944 DOT Adaptation of Watco 
Companies, L.L.C. Public Comment 
on the 2013 APRM 

Additional Fuel and Maintenance Costs Per 
Year, Relative to AAR 2014 car (based on 
7.07 tons of extra weight) 

$546 DOT Adaptation of EIA and CSX 
Corporation Data 
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Tank Car Option 2: AAR 2014 Car 
Variable Formula/Input Source 
Number of CPC 1232 Unjacketed Transferred to 
Tar Sands Service in 2018 

None DOT Estimate 

Unit Cost Per Retrofit of CPC 1232 
Unjacketed 

N/A N/A 

Time Out-of-Service Cost of CPC 1232 
Unjacketed 

N/A N/A 

Additional Fuel and Maintenance Costs Per 
Year, Relative to AAR 2014 car 

N/A N/A 

Number of CPC 1232 Jacketed Retrofitted  
2016-2018 

None DOT Estimate 

Unit Cost Per Retrofit of CPC 1232 Jacketed N/A N/A 
Time Out-of-Service Cost of CPC 1232 
Jacketed 

N/A N/A 

Additional Fuel and Maintenance Costs Per 
Year, Relative to AAR 2014 car 

N/A N/A 

Number of CPC 1232 Jacketed Transferred to 
Tar Sands Service in 2017 

9,850 tank cars DOT Estimate 

Unit Cost Per Retrofit of CPC 1232 Jacketed $0 DOT Estimate 
Time Out-of-Service Cost of CPC 1232 
Jacketed 

$0 DOT Estimate 

Additional Fuel and Maintenance Costs Per 
Year, Relative to  AAR 2014 car 

Not Estimated N/A 

Number of New AAR 2014 Constructed, 2015-
2019 

66,825 tank cars DOT Estimate 

Incremental Cost of AAR 2014 Cars, Relative 
to AAR 2014 car 

$2,000 DOT Estimate 

Other Costs from Factory Re-Tooling or 
Capacity Issues 

Not Estimated N/A 

Additional Fuel and Maintenance Costs Per 
Year, Relative to AAR 2014 car (based on 
2.57 tons of extra weight) 

$199 DOT Adaptation of EIA and CSX 
Corporation Data 

Tank Car Capacity Loss from Enhanced Tank 
Car Standards 

None DOT Estimate 

Number of Tank Car Early Retirements (as a 
result of the cost of retrofits), 2015-2034 

None DOT Estimate 

Number of Tank Car Retirements from End-of-
Service Life, 2015-2034 

None DOT Estimate 

Number of Retrofitted Cars Needing New Trucks 
(for all tank car options) 

None DOT Estimate 

Loading Facility Capacity Decrease None DOT Estimate 

Percentage of Track Capable of Handling 
286,000 pounds of Gross Rail Load (GRL) 

100% DOT Estimate 
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Tank Car Option 2: AAR 2014 Car 
Variable Formula/Input Source 
Percentage of DOT Specification 111 Unjacketed 
and CPC 1232 Unjacketed in PG II and PG III 
service 

100% DOT Estimate 
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The 20 year undiscounted and discounted costs for this option are presented in the tables below.   

Table TC 25:  Total Undiscounted Cost for the Option 2 Tank Car 

 

 

 

	

	

	

	

	

	

	

	

	

Year New Construction
111 Tar Sands 
Transfer

Retrofits (Includes 
Jacketed Tar 
Sands Transfer)

Fuel and 
Maintenance Total

2015 $40,600,000 $0 $0 $8,206,057 $48,806,057
2016 $11,644,000 $0 $655,453,480 $28,326,709 $695,424,189
2017 $11,644,000 $0 $686,353,480 $53,511,725 $751,509,206
2018 $11,644,000 $15,574,000 $852,717,907 $77,243,088 $957,178,995
2019 $11,644,000 $0 $0 $78,520,785 $90,164,785
2020 $0 $0 $0 $78,520,785 $78,520,785
2021 $0 $0 $0 $78,520,785 $78,520,785
2022 $0 $0 $0 $78,520,785 $78,520,785
2023 $0 $0 $0 $78,520,785 $78,520,785
2024 $0 $0 $0 $78,520,785 $78,520,785
2025 $0 $0 $0 $78,520,785 $78,520,785
2026 $0 $0 $0 $78,520,785 $78,520,785
2027 $0 $0 $0 $78,520,785 $78,520,785
2028 $0 $0 $0 $78,520,785 $78,520,785
2029 $0 $0 $0 $78,520,785 $78,520,785
2030 $0 $0 $0 $78,520,785 $78,520,785
2031 $0 $0 $0 $78,520,785 $78,520,785
2032 $0 $0 $0 $78,520,785 $78,520,785
2033 $0 $0 $0 $78,520,785 $78,520,785
2034 $0 $0 $0 $78,520,785 $78,520,785
Total $87,176,000 $15,574,000 $2,194,524,868 $1,423,620,144 $3,720,895,011

Undiscounted AAR 2014 Cost Stream
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Table	TC	26:		Total	Cost	for	the	Option	2	Tank	Car	Discounted	at	7%	

	

	
 

Request	for	Comments	on	Tank	Car	Cost	Analysis	
	

1. PHMSA assumes no unjacketed tank cars would be in PG I service in 2015 and 2016, in 
the absence of this rule. Does this assumption match the expected service of unjacketed 
tank cars? 

2. To what extent would the timing estimates in the cost analysis differ from the expected 
implementation of the rule?  

3. PHMSA expects about 23,000 cars will be transferred to Alberta tar sands service as a 
result of this rule. PHMSA also expects no cars will be retired as a result of this rule. As a 
result of this rule, how many crude oil and ethanol cars would be repurposed to tar sands 
service? How many would be repurposed to carry other commodities? 

4. PHMSA estimates the cost to transfer jacketed tank cars to Alberta tar sands service is 
zero.  We seek information to support or revise this estimate and the extent to which cars 
will either be retrofitted rather than repurposed.  
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5. PHMSA assumes no tank car early retirements from retrofitting costs or retirements from 
end of service life. Would any crude oil and ethanol tank cars be retired over the next 20 
years? 

6. PHMSA assumes all newly constructed cars would be Option 3 – Enhanced Jacketed 
CPC 1232 tank cars. Would all newly constructed tank cars, in the absence of this rule, 
meet the standard of an Option 3 tank car (i.e., would they have a jacket, thermal 
protection, TC-128 Grade B normalized steel, full height head shield, enhanced top 
fittings protection, and bottom outlet valve reconfigurations). Would any new crude oil or 
ethanol tank cars, manufactured in 2015 and beyond, not have all of these features?  If so, 
please provide specific data on missing features and the numbers of cars in each category.  

7. PHMSA estimates no decrease in tank car capacity from the increased weight of Options 
1 and 2.  However, some commenters on the ANPRM suggested otherwise.  PHMSA 
solicits data and other relevant information in order to be able to fully evaluate such 
claims. What would be the benefits and costs of any decrease in capacity? 

8. Are any of the cost estimates provided in this RIA inconsistent with expected market 
prices? Regarding out-of-service times and values, would tank car owners experience any 
bottleneck issues related to tank car shop capacity? Is the rental price of capital approach, 
as opposed to lease rates, the best way to capture the service value of existing tank cars? 

9. To what extent would the rule generate additional costs not discussed or accounted for in 
this RIA? 

10. This analysis assumes a 10 percent reduction on retrofit and new tank car costs due to 
“economies of scale.”  Economies of scale is the phenomenon of average (per unit) costs 
of production declining with higher rates of production.  This usually occurs because 
fixed costs (i.e., costs that don’t vary with production volumes, such as capital equipment 
in some cases) remain constant as production increases.  Increasing labor productivity 
may also reduce costs as the facility acquires more experience with the retrofit process.  
To the extent that this may occur with respect to retrofits and tank car production, it may 
be offset if timeframes for compliance with this regulation are not be long enough to 
ramp up production in the most cost-effective manner, thus offsetting possible economies 
of scale.  PHMSA seeks comment and data on the effect of this proposal on the average 
costs of retrofits and new tank car production.   

 

Identification	of	Impacted	Entities	
 
Most rail cars are owned by shippers and companies that lease cars to shippers: not the railroads. 
Therefore, the entities affected by the proposed amendments impacting tank car design are 
primarily shippers that use rail to transport flammable liquid.  Flammable liquid includes a wide 
variety of chemical products.   
 
As shown in the table below, approximately 68% of the flammable liquids transported by rail are 
comprised of crude oil, ethanol, and petrochemical or petroleum refinery products.  These 
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include UN 1987 Alcohols, n.o.s. 75, UN1170 Ethanol, UN1219 Isopropanol, UN1230 Methanol, 
UN1267 Petroleum crude oil, UN1238 Petroleum distillates, n.o.s. and UN3295 Hydrocarbons 
liquid n.o.s.  Petrochemical or petroleum refinery products would include commonly shipped 
items like NA1993 Diesel fuel, UN1202 Diesel fuel, Gas oil, UN1203 Gasoline and UN1863 
Fuel, aviation, turbine engine.  The table titled “Number of Firms by NAICS Industry and 
Enterprise Employment Size” and Appendix A provides summary information for the industries 
that produce most these major products.  Significant differences exist in terms of the industry 
distributions across employment size classes; however, both crude petroleum extraction and 
ethanol manufacturing both show that over 90 percent of the firms in those industries have less 
than 500 employees.  Of course, not all of these firms use rail to ship their products.  Based on an 
analysis of PHMSA’s Hazardous Materials Registration Database, PHMSA estimates that there 
are over 400 companies who use rail to ship flammable liquid, of which over 250 are self-
reported to be small firms. 

                                                 
75 Alcohols n.o.s. is a generic proper shipping name used to cover a variety of mixtures of alcohols such as ethanol 
mixed with methanol or isopropanol. 
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Table TC 27: 2012 Class 3 Tank Car Originations by Commodity76 

 
 

                                                 
76 Source: Annual Report of Hazardous Materials Transported by Rail by Association of American Railroads and 
Bureau of Explosives 
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Table TC 28: Number of Firms by NAICS Industry and Enterprise Employment Size 

 

 
 

Benefits	for	Tank	Car	Options	
This section analyzes the benefits for the three tank car Options by considering the expected 
effectiveness of the enhancements in reducing the expected damages of crude oil and ethanol 
accidents. All of the Options are designed to address the survivability of the tank car and would 
mitigate the damages of rail accidents better than the current DOT Specification 111.  
Specifically, the tank car Options incorporate several enhancements to increase puncture 
resistance; provide thermal protection to survive a 100-minute pool fire; and protect top fitting 
and bottom outlets during a derailment.  Under all Options, the proposed system of design 
enhancements would reduce the consequences of a derailment of tank cars carrying crude oil or 
ethanol.  There would be fewer car punctures, fewer releases from the service equipment (top 
and bottom fittings), and delayed release of flammable liquid from the tank cars through the 
pressure relief devices.   
 
We explain the benefits calculation for the Option 1 car first, as the benefits to the Option 2 and 
Option 3 cars were calculated in a similar way. 
 
 

ECP	Benefits	of	Option	1	Tank	Car	(ECP	Applicable	to	Option	1	Only)	
 
PHMSA begins the analysis by considering the effectiveness of Electronically Controlled 
Pneumatic (ECP) braking in improving braking; this requirement is applicable only to Option 1, 
the PHMSA and FRA Designed Car. ECP braking equipment—which must be on installed all 
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cars in a train in order to work—enables faster brake signal propagation throughout the entire 
length of the train, thereby reducing kinetic energy and the likelihood of cars colliding with one 
another in the event of an incident that calls for emergency braking. (See Section 4 of the RIA, 
Braking for more detail). 

Relative to two-way EOT devices and DP, ECP results in substantially greater reductions in 
kinetic energy reduction. The modelling suggests an additional 18 percent marginal improvement 
over two-way EOT and DP. We use this effectiveness to estimate the benefits that would result 
from deployment of ECP braking on unit trains of flammable liquid.    

Please see Section 4 of the RIA, Braking, for more detail on the marginal effectiveness of 
various braking systems. PHMSA will place into the docket for this rulemaking a technical 
supplement that describes the model inputs and assumptions that were used to develop the 
effectiveness rates for each brake option. 

The analysis of these benefits begins with the adjusted lower consequence damages, presented in 
the damages section. These figures are presented again here to make the description easier to 
follow.  
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Table TC 29: Lower Consequence Damages, Undiscounted 2015-2034

 

 

For the Option 1 tank car, these figures are multiplied by the percentage of cars equipped with 
ECP brakes in each year and by the effectiveness of ECP braking compared to alternative brake 
signal propagations systems such as two-way EOT or DP. As described in the braking section 
below, the effectiveness of ECP braking relative to these alternatives is 18 percent. Because 
roughly 80 percent of the costs of deploying ECP braking are the costs of equipping tank cars 
with ECP equipment, we multiply damages by .8 x .18 = .144 x the percentage of the fleet that is 
ECP equipped to generate estimated benefits. These calculations are presented in the table below 
for the 20 year analysis period 

 

Year

Lower 
Consequence 
Event Damages 
Uniscounted 

2015 $324,766,789
2016 $318,884,170
2017 $308,663,025
2018 $298,295,776
2019 $288,643,480
2020 $281,434,410
2021 $270,809,946
2022 $260,009,356
2023 $247,544,695
2024 $235,986,002
2025 $222,740,573
2026 $207,555,533
2027 $194,572,178
2028 $181,329,509
2029 $168,161,828
2030 $155,257,392
2031 $143,242,575
2032 $131,588,225
2033 $120,685,763
2034 $110,319,319

Total $4,470,490,543
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Table	TC30:	Benefits	of	ECP	Braking	for	the	Option	1	Tank	Car	

	

		

Using	Marginal	Effectiveness	Rates	

	
PHMSA assumes that all DOT unjacketed 111 and CPC 1232 unjacketed cars would be retrofit 
to meet one of the three DOT Specification 117 Options under consideration, so we adjust these 
figures by the accident mitigation ratio of a DOT Specification 111 and the new standard car. 
Thus, the benefits of retrofitting existing cars (DOT Specification 111 unjacketed and CPC 1232 
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unjacketed) is the effectiveness differential between existing cars and the DOT Specification 
117.  

For new construction – those cars that are built to satisfy growing demand going forward – the 
benefits are calculated using the effectiveness differential between an Option 3 tank car and the 
standard under consideration. Because an Option 3 tank car is the baseline newly constructed car, 
there will be no mitigation differential for new cars under Option 3.  	

Determining	Effectiveness	Rates		

 
Table TC31 summarizes the effectiveness of the proposed elements of each option.  The 
effectiveness was calculated using the following assumptions: 

 PHMSA examined the 13 accidents provided in Table 1 to arrive at its effectiveness 
rates.  This subset of 13 accidents used to calculate effectiveness rates may not be 
representative of all 40 mainline accidents, from 2006 to 2013, for trains carrying 
crude oil and ethanol. (see Appendix B for a complete listing of the 40 mainline train 
accidents during this timeframe).  However, PHMSA uses this subset because the 
data has been verified and demonstrative of HHFT risk. 

 DOT Specification 111 tank cars composed the vast majority of the type of tank cars 
involved in the derailments listed in Table 1.  The type of damages these tank cars 
experienced were used to design the tank car options proposed in the NPRM.    

 The volume of lading lost from each tank car in the derailments indicated in Table 1 
compiled relative to the documented damage to each tank car that lost lading.  These 
values were used as the baseline for tank car constructed to the current DOT 
Specification 111. 

 Improvement in performance was based on the following assumptions. 
o The ratio of puncture force (DOT Specification 111/option) was used as a 

multiplier to determine the reduction in lading loss. 
o Thermal protection prevented thermal damage that results in loss of 

containment. 
o Top fittings protection halves the damage to service equipment. 
o BOV modification prevents lading loss through valve.  

  The reduced volume of lost lading relative to each enhancement was compared to the 
baseline to calculate respective reduction or effectiveness.    
 

The ratio of puncture force was developed using the analytical method developed by E.I. DuPont 
de Nemours and Company and validated by full scale testing performed at the Transportation 
Technology Center in Pueblo, CO, available for review in the public docket for this rulemaking, 
FRA calculated the shell puncture resistance of all three Options compared to the DOT 
Specification 111 tank car.77   

                                                 
77 “Detailed Puncture Analyses Tank Cars: Analysis of Different Impactor Threats and Impact Conditions” can be 
found at: http://www.fra.dot.gov/eLib/details/L04420 
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Table TC 31: Effectiveness of newly constructed tank car options relative to the 
non-jacketed DOT111 specification tank car
Tank Car  Total  Head 

puncture 
Shell 
puncture

Thermal 
damage

Top 
fittings

BOV 

Option 1  55  21  17 12 4 <1 
Option 2  51.3  21  17 12 1.3 <1 
Option 3  41.3  19  9 12 1.3 0 
 
The rollover protection for the Option 1 tank car is based on the load conditions described in 
179.102-3.  The top fittings protection for the Options 2 and 3 cars must meet the load conditions 
in M-1002 Appendix E, 10.2.  The former is a dynamic load and the latter is a static 
load.  Modeling indicates the stresses imparted in the tank shell during the dynamic loads are 
three times those encountered during the static load.  Therefore, DOT assumes the effectiveness 
of top fittings for the Option 1 tank car is three times that of the other tank car options.   
 
PHMSA will place into the docket for this rulemaking a technical supplement that describes the 
model inputs and assumptions that were used to develop the effectiveness rates in TC30. 
 
The proposed materials, minimum thickness of 9/16 inch, and jacket provide a 68 percent 
improvement in the puncture force for Options 1 and 2 relative to the current specification 
requirements for a DOT Specification 111 tank car.  This translates to a 17 percent effectiveness 
rate.  A tank car constructed to the proposed requirements of Option 3, would have a 35 percent 
improvement in puncture force relative to the current DOT Specification 111 tank car.78  This 
translates into a 9 percent effectiveness rate. 
 
The combination of the shell thickness and head shield of Options 1 and 2 provide a head 
puncture resistance velocity of 18.4 mph (21% effectiveness rate).  Because the Option 3 tank 
car has a 7/16 inch shell, as opposed to the 9/16 inch shell in Options 1 and 2, it has a head 
puncture resistance velocity of 17.8 mph.    
 
The results of this modeling are described in Table TC32. 

Table TC32: Shell and Head Puncture Velocities by Tank Car Option 

Tank Car 
Shell Puncture Velocity 

(improvement relative to 
DOT111 non-jacketed) 

Head Puncture Velocity 
(improvement relative to 
DOT111 non-jacketed) 

 

                                                 
78 Modeling and simulation of puncture velocity indicate a puncture velocity of approximately 7.4 mph for a legacy 
DOT Specification 111; 9.6 mph for Option 3; and 12.3 mph for the cars under Options 1 and 2.  Puncture velocity 
is based on an impact with a rigid 12” x 12” indenter with a weight of 297,000 pounds.     
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Option 1  12.3 mph (66%)  18.4 mph (114%)   

Option 2  12.3 mph (66%)  18.4 mph (114%)   

Option 3  9.6 mph (30%)  17.8 mph (107)   

CPC-1232 
unjacketed 

8.5 mph (15%) 
Top – 10.3 (20%) 

Bottom – 17.6 (105%) 
 

DOT-111 
jacketed  

9.3 mph (26%)  11.6 mph (35%)   

 
The proposed changes for existing tank cars are based on comments discussed above, 
simulations, and modeling.  Modeling and simulation of puncture speed velocity of DOT 
Specification 111 tank cars currently used to transport ethanol or crude oil indicate that a 
velocity of approximately 7.4 mph will puncture the shell of the tanks when struck with a rigid 
12” x 12” indenter with a weight of 297,000 pounds.  Validation of this model has been 
accomplished using the results of puncture tests performed at the Transportation Technology 
Center in Pueblo, CO.79  Further, based on modeling and simulation, the head of an 
unjacketed  DOT Specification 111 tank car, when struck with a 12” x 12” indenter weighing 
286,000 pounds will puncture at 7.6 mph.  Table TC31 provides the tank car shell and head 
puncture velocities of the DOT Specification 117 tank car Options proposed in the NPRM.  
 

Table TC33: Effectiveness of existing tank car options relative to the non-
jacketed DOT111 specification tank car 

Tank Car  Total  Head 
puncture

Shell 
puncture

Thermal 
damage

Top 
fittings 

BOV 

Option 1  51  21  17 12 N/A <1 
Option 2  50  21  17 12 N/A <1 
Option 3  40  19  9 12 N/A 0 

     

Similar to the methodology for estimating the effectiveness of new cars, PHMSA uses these 
puncture velocities to arrive at risk reduction estimates for retrofits.   
 
In evaluating train accidents involving HHFTs listed in Table 1 above, we found that all but one 
of the derailments occurred in excess of 20 mph.  Only two of the derailments occurred at a 
speed of between 20 mph and 30 mph, four occurred between 30 and 40 mph and six occurred at 

                                                 
79 “Detailed Puncture Analyses Tank Cars: Analysis of Different Impactor Threats and Impact Conditions” can be 
found at: http://www.fra.dot.gov/eLib/details/L04420 
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speeds in excess of 40 mph.  The documented derailment speeds exceed the puncture velocity of 
both the DOT Specification 111 tank car and the options proposed in this rule.  However, during 
a derailment the speeds of impacts will vary considerably between cars, and many of those 
impacts will not result in a puncture.  The portion of those impacts that could result in a puncture 
would decline with the higher puncture velocity of the DOT Specification 117 tank car options 
proposed in this NPRM.  As a result of use of the proposed DOT Specification 117 tank cars, we 
would expect the volume of flammable liquid released into the environment, and the overall 
consequences of a train accident, to be reduced.  
 
Table TC34: Comparison of Effectiveness Rates 

Tank Car Option 1:  

PHMSA/FRA designed Car 

Variable Formula/Input Source 

Risk Reduction, DOT 
SPECIFICATION 111 Unjacketed to 
PHMSA/FRA designed Car 

51% Applied Research and Associates, Puncture 
Resistance Model; DOT Estimate for Top 
Fittings, Bottom Outlet Valve, Pressure Release 
Valve, and Thermal Protection Enhancements 

Risk Reduction, DOT 
SPECIFICATION 111 Jacketed to 
PHMSA/FRA designed Car 

28% Applied Research and Associates, Puncture 
Resistance Model; DOT Estimate for Top 
Fittings, Bottom Outlet Valve, Pressure Release 
Valve, and Thermal Protection Enhancements 

Risk Reduction, CPC 1232 Unjacketed 
to PHMSA/FRA designed Car 

 
 

 

21% Applied Research and Associates, Puncture 
Resistance Model; DOT Estimate for Top 
Fittings, Bottom Outlet Valve, Pressure Release 
Valve, and Thermal Protection Enhancements 

Risk Reduction, CPC 1232 Jacketed to 
PHMSA/FRA designed Car 

10% N/A 

 

PHMSA does not propose to impose additional top fittings protection requirements on retrofits 
of existing DOT Specification 111 Unjacketed cars. Thus, the effectiveness rate of 51 percent—
going from the 111 unjacketed to the Option 1 tank car—does not include additional top fittings 
protection. In addition, as a result of the uncertainty surrounding the marginal effectiveness of 
additional top fittings protection (estimated between 1 and 4 percentage points), PHMSA does 
not adjust other effectiveness estimates for retrofitted and newly constructed cars that would 
require additional top fittings protection. In other words, all effectiveness rates presented do not 
include any benefits from additional top fittings protection, because those benefits are relatively 
small and uncertain and would apply only to new construction.  

Calculating	Remaining	Damages	Pool	(After	ECP)	
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The ECP benefits calculated earlier in the tank car benefit section are subtracted from total lower 
consequence damages to generate the remaining damage pool from which the benefits of other 
improvements to the tank car can be drawn.  

Calculating	Tank	Benefits 

The other tank car benefits are calculated by multiplying the percentage of the fleet made up by 
each of the 4 variations of tank cars currently in flammable liquid service by the marginal 
effectiveness of the Option 1 tank car relative to each of these cars. The table below presents the 
expected fleet composition in each year. 

Table TC35:  Projected Fleet Composition 2014-2034 

 

The next table presents the percentage of the fleet made up by each of the tank car types 
currently in service. These are calculated by dividing the relevant tank car type column by the 
total car figure column. These figures have been adjusted from those presented earlier in the 
document. The percentage of jacketed CPC 1232s is slightly lower than the actual number of 
CPC 1232s for 2015 and 2016. This is because those figures are used to calculate the benefits of 
the improved car over those that would obtain if a CPC 1232 were built instead of the improved 
cars. In order not to attribute benefits to the 9,850 CPC 1232s built before 2015, the ratio that 

Year Total Cars BaselinDOT 111 DOT 111 with JackeCPC 1232 
CPC 1232 with 
Jacket

2014 89,422                 51,592                 5,600                      22,380                9,850                      
2015 109,722               51,592                 5,600                      22,380                30,150                    
2016 115,544               51,592                 5,600                      22,380                35,972                    
2017 121,366               51,592                 5,600                      22,380                41,794                    
2018 127,188               51,592                 5,600                      22,380                47,616                    
2019 133,010               51,592                 5,600                      22,380                53,438                    
2020 133,010               51,592                 5,600                      22,380                53,438                    
2021 133,010               51,592                 5,600                      22,380                53,438                    
2022 133,010               51,592                 5,600                      22,380                53,438                    
2023 133,010               51,592                 5,600                      22,380                53,438                    
2024 133,010               51,592                 5,600                      22,380                53,438                    
2025 133,010               51,592                 5,600                      22,380                53,438                    
2026 133,010               51,592                 5,600                      22,380                53,438                    
2027 133,010               51,592                 5,600                      22,380                53,438                    
2028 133,010               51,592                 5,600                      22,380                53,438                    
2029 133,010               51,592                 5,600                      22,380                53,438                    
2030 133,010               51,592                 5,600                      22,380                53,438                    
2031 133,010               51,592                 5,600                      22,380                53,438                    
2032 133,010               51,592                 5,600                      22,380                53,438                    
2033 133,010               51,592                 5,600                      22,380                53,438                    
2034 133,010               51,592                 5,600                      22,380                53,438                    
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applies is the percentage of cars built to the higher standard, which are reflected in the 
percentages below.  

 

Table TC36:  Projected Fleet Composition by % 2015-2034 

 

In order to calculate benefits, we multiply the effectiveness rate for each car relative to the 
Option 1 car presented above by the percentage of cars of that type to get weighted effectiveness 
rates, which are applied to the remaining damage pool after ECP benefits have been removed.  

To provide a concrete example, unjacketed DOT Specification 111s make up 41 percent of the 
fleet in 2018. Retrofitting a 111 to the Option 1 tank car standard, or replacing it in flammable 
liquid service with an Option 1 car, would improve its safety performance by 51 percent. The 
benefits of converting DOT Specification 111s to the higher standard car in 2018 are calculated 
by multiplying .41 x .51 x remaining damages in 2018 once ECP benefits have been removed. 
The other tank car types are treated analogously to produce total benefits, which are presented 
below along with ECP benefits, and total benefits for this tank car standard, which are simply the 
ECP and Tank benefits added together.  

Year DOT 111 No Jacket DOT 111 Jacket CPC 1232 No Jacket CPC 1232 Jacket
2014 0.58                            0.06                            0.25                         0.11                     
2015 0.47                            0.05                            0.20                         0.19                     
2016 0.45                            0.05                            0.19                         0.23                     
2017 0.43                            0.05                            0.18                         0.34                     
2018 0.41                            0.04                            0.18                         0.37                     
2019 0.39                            0.04                            0.17                         0.40                     
2020 0.39                            0.04                            0.17                         0.40                     
2021 0.39                            0.04                            0.17                         0.40                     
2022 0.39                            0.04                            0.17                         0.40                     
2023 0.39                            0.04                            0.17                         0.40                     
2024 0.39                            0.04                            0.17                         0.40                     
2025 0.39                            0.04                            0.17                         0.40                     
2026 0.39                            0.04                            0.17                         0.40                     
2027 0.39                            0.04                            0.17                         0.40                     
2028 0.39                            0.04                            0.17                         0.40                     
2029 0.39                            0.04                            0.17                         0.40                     
2030 0.39                            0.04                            0.17                         0.40                     
2031 0.39                            0.04                            0.17                         0.40                     
2032 0.39                            0.04                            0.17                         0.40                     
2033 0.39                            0.04                            0.17                         0.40                     
2034 0.39                            0.04                            0.17                         0.40                     

Tank Car Fleet Makeup, by Percentage
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For retrofits, one further adjustment must be described to arrive at final benefit figures. As noted 
in the cost section, we assume companies will begin retrofitting non-jacketed cars in 2016 and 
continue with this task through 2018. We assume 1/3rd of retrofits will be implemented in each 
year. Because of this phase in period, benefits for unjacketed cars must be adjusted as follows: 
for unjacketed DOT Specification 111s and CPC 1232s, 1/3rd of the cars would be retrofit in 
2016. The percentages of cars from which benefits are derived in 2016 therefore must be divided 
by three to account for the fact that only a third of these cars are retrofit in that year before 
conducting the other calculations above. In 2017, 2/3rds of these cars would be retrofit, so the 
percentages of each car type are reduced to 2/3rds of their total. In 2018 the rest of the 
unjacketed cars are retrofit so the unadjusted percentage is applied in that and all later years.  

For newly constructed cars, we make a similar adjustment. As noted above, we expect all new 
cars beginning in early 2015 to be built to the new standard promulgated by this rule. This leaves 
roughly 9,850 jacketed CPC 1232s that would not meet the new standard. These cars must be 
subtracted from the total number of jacketed CPC cars in 2015 to avoid applying benefits to 
unimproved cars. This calculation is reflected in the percentage of jacketed CPC 1232s in the 
table above for 2015 and 2016. In 2017 these cars are transferred to tar sands service and 
replaced by new tank cars that would meet the new standard, so the straight percentage can be 
applied in that and all later years. No benefits are claimed for jacketed 111 cars until 2017 when 
they are assumed to be transferred to tar sands service in 2018. The benefits from the non-ECP 
tank car enhancements are presented below, along with the ECP benefits and total benefits for 
the Option 1 tank car standard.   

Table TC37: Benefits of the Option 1 Tank Car 
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 The benefits for the Option 1 tank car presented above do not include the benefits of higher 
consequence event risk. The costs presented do include the cost of retrofitting ECP brakes on the 
cars remaining in flammable liquid service as well as the cost of putting ECP brakes on all newly 
constructed Option 1 tank cars.  

To account for higher consequence event risk, we calculate an overall effectiveness ratio for the 
DOT Specification117 using total non-catastrophic societal damages and non-catastrophic 
benefits. We divide total discounted non-catastrophic benefits in each year by total discounted 
expected lower consequence event societal damages for that year to get an effectiveness ratio for 
that year. The effectiveness ratio for each year is multiplied by catastrophic damages for that 
year to get higher consequence events benefits. We conduct this calculation for each of the 2 
higher consequence event scenarios presented above those for baseline costs, assuming 0 higher 
consequence events, and 10 higher consequence events with one of those events being 5 times 
larger than the estimate for a typical high consequence event. The table below presents the full 
20 year figures for the 2 event scenarios for the Option 1 tank car.  

Year
Tank Enhancement 
Baseline Benefits

ECP Brake Baseline 
Benefits

Lower Consequence 
Event Benefits

2015 $5,848,528 $8,652,397 $14,500,925
2016 $31,514,243 $19,137,157 $50,651,400
2017 $55,381,806 $33,494,122 $88,875,928
2018 $79,015,137 $37,370,495 $116,385,632
2019 $74,216,828 $36,161,255 $110,378,083
2020 $72,363,212 $35,258,103 $107,621,315
2021 $69,631,420 $33,927,070 $103,558,490
2022 $66,854,341 $32,573,972 $99,428,313
2023 $63,649,392 $31,012,399 $94,661,792
2024 $60,677,389 $29,564,326 $90,241,715
2025 $57,271,686 $27,904,939 $85,176,625
2026 $53,367,266 $26,002,557 $79,369,823
2027 $50,028,949 $24,376,003 $74,404,952
2028 $46,623,956 $22,716,961 $69,340,917
2029 $43,238,245 $21,067,314 $64,305,559
2030 $39,920,220 $19,450,646 $59,370,866
2031 $36,830,936 $17,945,430 $54,776,366
2032 $33,834,337 $16,485,373 $50,319,709

2033 $31,031,065 $15,119,512 $46,150,577
2034 $28,365,615 $13,820,804 $42,186,420

Total $999,664,572 $502,040,835 $1,501,705,406
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Table TC38: Option 1 Tank Car Benefits, Undiscounted 2015-2034 

 

Total benefits considering higher consequence events are calculated by adding the Lower 
Consequence Event Benefits column in the table above to the Higher Consequence Event Benefit 
column. Total discounted 20 year benefits and costs for this option are presented below 

Table TC39: Option 1 Tank Car Benefits, 2015-2034, 7 Percent Discount 

 

It is important to note that the tank car enhancements would produce slightly higher benefits if 
they were considered prior to ECP benefits. The order in which these two components of the 
Option 1 tank car are considered would not affect overall benefits for this tank car standard, but 
do affect the share of benefits attributed to the tank enhancements vs. the ECP braking effects. 
Whichever aspect of this standard is considered first appears to be marginally more effective 
because the effectiveness is being applied to a larger damage pool.  

Year
Tank Enhancement 
Baseline Benefits

ECP Brake Baseline 
Benefits

Lower Consequence 
Event Benefits

High Consequence with 1 
Event 5 x Average Effectiveness

High 
Consequence 
Event Benefits

2015 $5,848,528 $8,652,397 $14,500,925 $709,904,595 4% $31,697,432
2016 $31,514,243 $19,137,157 $50,651,400 $701,559,570 16% $111,435,368
2017 $55,381,806 $33,494,122 $88,875,928 $694,271,520 29% $199,907,408
2018 $79,015,137 $37,370,495 $116,385,632 $687,899,396 39% $268,396,713
2019 $74,216,828 $36,161,255 $110,378,083 $682,326,956 38% $260,923,758
2020 $72,363,212 $35,258,103 $107,621,315 $685,655,520 38% $262,196,611
2021 $69,631,420 $33,927,070 $103,558,490 $689,023,335 38% $263,484,473
2022 $66,854,341 $32,573,972 $99,428,313 $692,430,916 38% $264,787,541
2023 $63,649,392 $31,012,399 $94,661,792 $695,878,686 38% $266,105,978
2024 $60,677,389 $29,564,326 $90,241,715 $699,367,147 38% $267,439,976
2025 $57,271,686 $27,904,939 $85,176,625 $702,896,782 38% $268,789,718
2026 $53,367,266 $26,002,557 $79,369,823 $706,468,058 38% $270,155,384
2027 $50,028,949 $24,376,003 $74,404,952 $710,081,482 38% $271,537,168
2028 $46,623,956 $22,716,961 $69,340,917 $713,737,524 38% $272,935,249
2029 $43,238,245 $21,067,314 $64,305,559 $717,436,733 38% $274,349,837
2030 $39,920,220 $19,450,646 $59,370,866 $721,179,584 38% $275,781,113
2031 $36,830,936 $17,945,430 $54,776,366 $724,966,592 38% $277,229,276
2032 $33,834,337 $16,485,373 $50,319,709 $728,798,291 38% $278,694,528

2033 $31,031,065 $15,119,512 $46,150,577 $732,675,201 38% $280,177,070
2034 $28,365,615 $13,820,804 $42,186,420 $736,597,863 38% $281,677,107

Total $999,664,572 $502,040,835 $1,501,705,406 $14,133,155,750 $4,947,701,708

PHMSA and FRA Design Tank Car Benefits, Undiscounted

0 High Consequence 
Events

10 High Consequence 
Events*

Benefits $822,050,966 $3,256,102,069
Costs $3,030,363,180 $3,030,363,180
Net Benefits -$2,208,312,214 $225,738,889

20 Year Costs and Benefits, PHMSA and FRA Design, 7 Percent Discount Rate 

* 1 event of the 10 assumed to be 5x the average high consequence event in magnitude. 
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Benefits	of	the	Enhanced	Jacketed	CPC	1232	(Option	3)	
 
Benefits for the Option 3 tank car are calculated analogously to those for the Option 1 car. 
Because ECP braking is not required by this standard, no ECP braking benefits are estimated for 
this standard. The Option 3 tank car produces lower safety benefits for two reasons.  

First, it is more likely to release contents if involved in an accident because it lacks rollover 
protection, lacks ECP brakes, and also has a thinner shell which is less puncture resistant.  

Secondly, there are no benefits (or costs) associated with construction of an Option 3 tank car to 
satisfy new demand, because this is the car PHMSA assumes would be built for HHFT service in 
absence of regulation. The benefits therefore are only attributed to upgrading the safety of the 
cars that are retrofit and improving the safety of cars that get transferred to less hazardous tar 
sands service. Higher consequence event benefits are also estimated as described above for the 
Option 1 tank car. The effectiveness rates for upgrading other cars to this standard are presented 
in the table below.  

Table TC 40: Relative Effectiveness of the Option 3 Tank Car 

Tank Car Option 3: Enhanced Jacketed CPC 1232 Car 
Variable Formula/Input Source 
Risk Reduction, DOT Specification 111 
Unjacketed to Enhanced Jacketed CPC 1232 Car 

40% Applied Research and Associates, 
Puncture Resistance Model; DOT 
Estimate for Top Fittings, Bottom 
Outlet Valve, Pressure Release Valve, 
and Thermal Protection Enhancements 

Risk Reduction, DOT Specification 111 Jacketed 
to Enhanced Jacketed CPC 1232 Car 

11% Applied Research and Associates, 
Puncture Resistance Model; DOT 
Estimate for Top Fittings, Bottom 
Outlet Valve, Pressure Release Valve, 
and Thermal Protection Enhancements 

Risk Reduction, CPC 1232 Unjacketed to 
Enhanced Jacketed CPC 1232 Car 

18% Applied Research and Associates, 
Puncture Resistance Model; DOT 
Estimate for Top Fittings, Bottom 
Outlet Valve, Pressure Release Valve, 
and Thermal Protection Enhancements 

Risk Reduction, CPC 1232 Jacketed to Enhanced 
Jacketed CPC 1232 Car 

0 N/A 

 

These effectiveness rates are used analogously to the way they were applied above for the Option 
1 tank car standard. The fleet composition and all other parameters affecting benefits are 
assumed to be the same for this standard as for the Option 1 car so those tables are not repeated 
here. 

The Table Below presents 20 year costs, benefits, and net benefits for this standard over 20 
years, discounted at a 7 percent discount rate.  
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Table TC41:  Costs and Benefits of the Option 3 Tank Car, 2015-2034, 7 Percent Discount  

 

	
Benefits	of	the	AAR	2014	Tank	Car	(Option	2)	

The Option 2 car benefits were calculated analogously to the Option 1 and 3 tank cars using the 
third group of effectiveness ratings. The only differences between the Option 2 car and the 
Option 1 car are rollover protection and ECP brakes. Accordingly, the effectiveness differences 
between this car and the Option 1 tank car are very slight until ECP effects are factored in. The 
differences in cost between the two cars, excluding ECP brakes, are also fairly minimal. The 
effectiveness rates of upgrading other tank car designs to this standard are presented in the table 
below. 

Table TC 42: Relative Effectiveness of the Option 2 Tank Car 

Tank Car Option 2: AAR 2014 Car 
Variable Formula/Input Source 
Risk Reduction, DOT Specification 111 
Unjacketed to AAR 2014 Car 

50% Applied Research and Associates, 
Puncture Resistance Model; DOT 
Estimate for Top Fittings, Bottom 
Outlet Valve, Pressure Release Valve, 
and Thermal Protection Enhancements 

Risk Reduction, DOT Specification 111 Jacketed 
to AAR 2014 Car 

21% Applied Research and Associates, 
Puncture Resistance Model; DOT 
Estimate for Top Fittings, Bottom 
Outlet Valve, Pressure Release Valve, 
and Thermal Protection Enhancements 

Risk Reduction, CPC 1232 Unjacketed to AAR 
2014 Car 

28% Applied Research and Associates, 
Puncture Resistance Model; DOT 
Estimate for Top Fittings, Bottom 
Outlet Valve, Pressure Release Valve, 
and Thermal Protection Enhancements 

Risk Reduction, CPC 1232 Jacketed to AAR 
2014 Car 

10% Applied Research and Associates, 
Puncture Resistance Model; DOT 
Estimate for Top Fittings, Bottom 
Outlet Valve, Pressure Release Valve, 
and Thermal Protection Enhancements 

 

Baseline - 0 High 
Consequence Events 10 High Consequence Events*

Benefits $393,330,520 $1,569,543,743
Costs $2,039,824,712 $2,039,824,712
Net Benefits -$1,646,494,193 -$470,280,969

20 Year Costs and Benefits, CPC 1232 w Jacket, 7 Percent Discount Rate 

* 1 event of the 10 assumed to be 5x the average high consequence event in magnitude
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Benefits for this car are calculated analogously to the methodology described for tank car 
Options 1 and 3. Estimated benefits for this tank car standard are presented below.  

Table TC43:  Costs and Benefits of the Option 2 Tank Car, 2015-2034, 7 Percent Discount  

 

Request	for	Comment	on	Tank	Car	Benefits	Analysis:	
 

1. What other methodology could PHMSA use to evaluate effectiveness? To what extent 
could conditional probability of release (CPR) data, based on the historical safety record 
for all tank cars, be used to calculate effectiveness? If CPR data is used, to what extent 
are release rates for cars within a unit train interdependent? 

2. Would the increased size and weight of the tank car Options have any other effects not 
discussed in RIA? To what extent would they affect braking effectiveness? To what 
extent would they affect track safety performance? To what extent would they affect 
loading practices?  

3. What additional safety features not discussed here, if any, should PHMSA consider? If 
so, please provide detailed estimates on the costs and benefits of individual safety 
features. 

4. Do any of the safety features included in any of the Options have costs that are likely to 
exceed benefits? If so, please provide detailed estimates on the costs and benefits of 
individual safety features. 

5. PHMSA requests any available detailed data set on the safety features of the existing 
fleet. 

                 

Requirement	Area	3	–	Speed	Restrictions	
Proposed	Action	for	Speed	Restrictions	
  
PHMSA is proposing to require a 50-mph speed restriction for HHFTs in all areas.  This action 
aligns with the existing requirements imposed by AAR Circular No. OT-55-N.  PHMSA believes 
that there will be no costs associated with a speed restriction of 50 mph, as this codifies current 
industry best practices.   

Baseline - 0 High 
Consequence Events 10 High Consequence Events*

Benefits $609,983,048 $2,426,336,087
Costs $2,570,892,039 $2,570,892,039
Net Benefits -$1,960,908,991 -$144,555,952

* 1 event of the 10 assumed to be 5x the average high consequence event in magnitude

20 Year Costs and Benefits, AAR 2014, 7 Percent Discount Rate 
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PHMSA is also proposing to limit any HHFT to a speed of 40 mph in select areas unless the tank 
cars meet the new DOT Specification 117 standard. PHMSA is considering three Options for 
implementation of the 40-mph speed restriction and requesting comments on which Option 
would have greatest net social benefits and whether the 40-mph speed restriction is necessary.  
Further, any HHFT that does not meet the braking requirements in Requirement Area 4 -- 
Braking, discussed below, would be restricted to 30 mph.  This section of the analysis will look 
at the costs associated with the slowdown of the rail network and the benefits from reducing the 
potential harm of HHFT accidents.   
 
A train collision or derailment which occurs at 40 mph rather than 50 mph would be less 
severe.80    PHMSA anticipates the efforts made by reducing the speed of trains with less safe 
tank cars and braking systems will prevent fatalities and other injuries, and limit the amount of 
property damage done in an accident.  PHMSA anticipates additional safety benefits will be 
realized as the tank car fleet meets the proposed integrity standards.  The trains will no longer be 
subject to the speed restrictions discussed here, in Requirement Area 3, but will accrue the 
benefits discussed above, in Requirement Area 2, Tank Cars, and below, in Requirement Area 4, 
Braking.  PHMSA believes that with the enhanced braking, and greater car integrity, the risk 
from a derailment of a train that is authorized to travel at 50 mph is less than the risk from a train 
not so equipped with a maximum authorized speed of 40 mph.  PHMSA believes the enhanced 
braking is likely to reduce the speed at which the train enters an accident from the maximum 
authorized speed, and to do so more effectively than conventional braking would allow.  Once 
the tank cars have enhanced integrity and braking systems they will be less likely to release 
product when involved in a derailment or collision.  PHMSA expects reduced benefits 
attributable to speed restrictions as new tank cars make up a larger portion of the fleet and the 
reduction in risk is realized by the new tank cars.  As a result PHMSA phases out the speed 
restriction as the new tank cars are introduced.   

Determination	of	Need	
 
Speed is a factor that may contribute to derailments.  Speed can influence the probability of an 
accident, as slower speeds may allow for a brake application to stop the train before a collision.  
Speed also increases the kinetic energy of a train, resulting in a greater possibility of the tank 
cars being punctured in the event of a derailment.    Under the current packaging requirement and 
until the new tank cars are fully in use PHMSA believes reduced speed is warranted.   
 
Further, despite existing voluntary action, additional regulatory action on the 50 mph speed limit 
is necessary because OT-55 is a recommended practice and, as such, does not carry the weight of 
law.  A subscribing railroad can, without concern of a penalty, move these trains at speeds 
exceeding the industry standard and as discussed previously, increase the energy and likelihood 
of catastrophic damage to tank cars involved in a train accident.  Codifying this voluntary 
commitment will ensure that the benefits  of these speed restrictions are realized indefinitely.  
Without codification of these requirements the speed restrictions could be subsequently lifted 
                                                 
80 Kinetic energy varies directly with the square of speed (velocity).   [Kinetic energy = ½ Mass x (Velocity)2]  Forty 
mph is 80% of 50 mph.  Assuming equal mass, the resulting change in energy is the square of the difference in 
velocity (0.82 = 0.64) or a reduction of 36% (100 - 0.64 = 0.36). 
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prematurely and increase risk.   
 
 
Alternatives	Considered	
 
Alternative	1:	50	Miles	Per	Hour	in	All	Areas	
 
Currently there is no regulatory prohibition on speeds of HHFTs in excess of 50 mph (up to 79 
mph).  For purposes of this rulemaking and analysis PHMSA assumes that, in the absence of any 
regulatory action, all affected railroads will continue indefinitely to abide by the voluntary 
agreement currently in place to limit speeds to no more than 50 mph.  Therefore, codification of 
the current 50 mph speed will result in the same level of damages occurring from derailments 
and the same probability of a higher consequence event, and there will be no marginal costs or 
benefits from this requirement.  PHMSA believes the 50 mph is a current business practice 
adopted to reflect market pressures.  Under these circumstances, this alternative would be, in 
effect, a “No Action” status quo alternative. 

PHMSA asked several questions regarding AAR Circular No. OT-55-N in the September 6, 
2013 ANPRM.  Specifically, PHMSA asked if the Circular adequately addressed speed 
restrictions.  The majority of the commenters indicated that the current self-imposed 50-mph 
speed restriction is acceptable.  Further, during the recent industry Call-to-Action the rail and 
crude oil industries agreed to voluntarily consider potential improvements including speed 
restrictions in high-threat urban areas (HTUA), similar to the requirements that are established 
by the routing requirements in Part 172, Subpart I of the HMR.   

Alternative	2:	Additional	Speed	Reductions	 
 
The laws of physics indicate that if an accident occurred at 40 mph instead of 50 we should 
expect a reduction of kinetic energy by 36%.   After consultations with engineers and subject 
matter experts, we can assume that this would translate to the severity of an accident being 
reduced by 36%. A slower speed may allow a locomotive engineer to identify a safety problem 
ahead and stop the train before an accident, which could lead to accident prevention. PHMSA 
only quantifies benefits in this proposed rule from mitigating the severity of accidents. With 
respect to prevention, PHMSA notes that reduced speeds will reduce the risk of accidents on net, 
though some risks could increase under limited circumstances.   

PHMSA uses a ten mile speed differential in calculating an effectiveness rate for the 40 mph 
speed restriction options, which assumes that at the time of an accident trains would be going 10 
mph slower if the speed restriction were at 40 mph rather than 50 mph. Braking is often applied 
before an accident occurs, and the speed differential at the time of an accident that results from 
trains operating at top speeds of 50 mph and 40 mph could be different than 10. Furthermore, in 
some cases other restrictions on speed that may apply, as well as congestion, would affect speed 
at the time of the accident. PHMSA lacks a basis to modify the assumption that speeds would be 
10 mph different at the time of accidents and seeks comment on how we may better determine 
how speed restrictions would affect actual speed at the time of an accident. 
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FRA used simulation software81 to estimate the effects of a 40 mph speed limit on delays of all 
crude and ethanol traffic traversing typical crude and ethanol corridors.  The simulation software 
is based on long-standing industry standard approaches to analyzing train movements along a 
network.  The initial data entered into the simulation is based on data from the Surface 
Transportation Board’s 2012 Waybill Sample, the U.S. Energy Information Administration, and 
observations of FRA inspectors in the field.  Separate simulations were done for crude oil (STC 
Code 13111) and ethanol (STC code 28184).    
 
The waybill sample’s total distance field was used to estimate the average length of haul of both 
crude oil and ethanol. FRA found that an average crude oil train travels over 1,000 miles on the 
rail network and an average ethanol train travels over 1,300 miles on the rail network, though as 
noted below, FRA estimated that each type of train is on transcontinental for 5/7 of each trip.  
FRA estimated the delay costs for each fuel train move were estimated by combining the results 
of two separate simulations to account for the different conditions when entering and exiting the 
major transcontinental corridors. FRA assumed that three hundred miles of each trip, at the 
origin and destination, takes place on double track territory with Centralized Traffic Control 
(CTC) signaling and 6 HHFTs operating reduced speeds.  FRA assumed that the remainder of 
the trip takes place on the major transcontinental corridors, with CTC signaling and ten HHFTs 
operating at lower speeds.  In both cases, FRA assumed that track grade and curvature have 
minor effects on train speed. FRA expertise provides the basis for these assumptions. 
 
Passenger trains and intermodal are granted priority, so that fuel and general merchandise trains 
bear the majority of the delay. Taking into consideration the close proximity of waybill 
originations and assuming crude oil/ethanol trains would be routed to move as quickly as 
possible to major corridors, FRA grouped crude and ethanol traffic into sixteen and six separate 
smaller corridors, respectively, for the first 300 miles of the trip.  FRA assumed crude oil trains 
travel across six major transcontinental corridors and ethanol trains are restricted to two.   
 
FRA assumed moderate traffic densities for each of the subdivisions on the corridor but does not 
account for seasonal variation or extraordinary circumstances.  As the number of fuel trains 
increased, net delay82 increased exponentially.    
 
This analysis provides an estimate of train delay at the corridor level.  FRA does not have 
sufficient data to estimate the full impact of speed restrictions on the US railroad network.  To 
the extent that HHFTs traverse the major U.S. railroad transcontinental corridors, the network 
impact could be significant.  Other factors such as the demand and supply of crude oil and 

                                                 
81 The Federal Railroad Administration, Generalized Train Movement Simulator or (GTMS). This software in not 
publicly available and is based on the Train Performance System (TPS). TPS underlies all railroad simulation 
models including the Rail Traffic Controller (RTC) software used by the Class 1 railroads. The TPS model was 
documented by Transportation Systems Center, U.S. Department of Transportation. "USDOT/TSC Train 
Performance Simulator (TPS) User's Manual, Version 5." Manual, 1988.   
 
82 Net delay is the delay encountered in sidings, while stopped on the main line, due to schedule delay, or time spent 
waiting to be authorized to enter the territory. 
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ethanol would impact the outcome of this analysis. PHMSA and FRA specifically request 
comment on the assumptions used in modeling the impacts of speed restrictions, including output 
of other validated rail network models, and alternative input assumptions, or comments on the 
inputs themselves. 
 
The following table shows the total daily train hours of slow down per corridor as estimated by 
FRA’s simulation.  The number of trains is the number of crude oil or ethanol trains in a single 
day over the corridor analyzed.  For example, if there is one crude oil train on the corridor on one 
day, slowed to 40 mph, then all of the trains on the corridor will experience a total among them 
of 84 hours of delay in that one day. 
 
Table S1.  Time Impacts of a 40 mph Maximum Speed 
 

Crude Oil 
Trains per 
day 

Daily 
hours of 
delay for 
all trains 

Ethanol 
Trains per 
day 

Daily 
hours of 
delay for 
all trains 

1 84 1 92
2 181 2 228
4 233 4 250
6 385 6 576
8 534 8 721

10 770 10 1522
         
   
The beginning years of the restriction would be the most burdensome as the industry works to 
build or retrofit tank cars to the required specifications.   
 
The tables in the Slowdown sections below demonstrate the estimated number of hourly trains on 
each corridor on the first day that the speed restriction is in effect for each given year.  The total 
delay hours for the slowdown to 40 mph in the first year are calculated by multiplying the 
number of corridors by the number of hours, times the percentage of usage, and (100% – the 
voluntary action reduction). For example, for the hours of delay from crude oil in start and end 
corridors, the calculation is 16 corridors x 385 hours of delay per corridor x 2/7 of train time 
spent in start and end corridors x (100% minus 1.78% for the existing voluntary action in 
HTUAs) = 1,729.   
 
The “number of hours” of delay column is determined by referencing Table S1 above.  The 
“percentage of usage” field weights the calculation based on the proportion of time that crude oil 
and ethanol trains spend on each type of track; the column in Table S2 shows that trains spend 
2/7 of their time on start-end corridors and 5/7 of their time in the middle of the corridor.  This 
ratio was calculated by considering usage characteristics to define two segments (start/end of a 
corridor and middle of a corridor), and then quantifying the proportion in terms of time that 
traffic within our sample spent on each type of corridor. PHMSA assumed that the crude and 
ethanol routes would have similar start-middle-end ratios. The distances were based on the 
average corridor mileage for ethanol and crude oil, described above.  
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The HTUA reduction removes from the cost of slowing crude DOT Specification 111 unit trains 
to 40 mph in HTUAs, because that is being done voluntarily (see further description below for 
how this was calculated).  The total daily cost is determined by multiplying the total hours of 
delay by $500 per hour, which PHMSA estimates is the average cost of an hour of delay (see 
discussion below, in the Slowdown section). 
 
To calculate the total annual cost of delay from a 40 mph speed limit in all areas for HHFTs, 
PHMSA multiplied the daily cost of delay by the number of days in a week and by the number of 
weeks in a year.  
 
The phase in of DOT Specification 117 train sets is assumed to result in one-third of unit trains 
using only DOT Specification 117 tank cars to transport Class 3 flammable liquids by the 
beginning of year 2, two-thirds by year 3, and 100 percent by Year 4.  This is expected to result 
in 4 trains per day affected on start-end corridors and 8 trains per day affected on middle 
corridors in Year 2, and in 2 trains per day affected on start-end corridors and 6 trains per day 
affected on middle corridors in Year 3. 
 
Speed	Analysis	Limitations	
	
This is a simplified analysis with several limitations. First, the analysis extrapolates from the 
geometric characteristics of a single 124-mile subdivision, which may not be representative.   It 
is also possible that slower traffic along crude oil and ethanol corridors would lead to delays for 
the network overall.  Further, the analysis does not take into account diversion of rail traffic from 
the rail line on which the speed restriction occurs to other rail lines. Such diversion would slow 
traffic on other lines, but speed traffic on the line with the speed restrictions (and speed the 
traffic diverted).  Overall the effect of the diversion would be to reduce delays, because the 
railroad would presumably only divert traffic if it reduced delays.   
 
This analysis also does not take into account the possibility of rail traffic, particularly intermodal 
traffic, being diverted onto truck or other modes of transit as a result of rail delays.  This could 
have adverse safety, environmental, and state-of-good-repair costs.  PHMSA does not believe 
that the speed limitations and potential resulting delays will have a large effect on unit costs of 
shipping by rail, and therefore any potential modal diversion would be minimal.   
 
As discussed above, the impact of speed at accident is difficult to interpret as the speed 
immediately prior to the accident speed differential at different train speeds. PHMSA uses a ten 
mile speed differential in calculating an effectiveness rate for the 40 mph speed restriction 
options, which assumes that at the time of an accident trains would be going 10 mph slower if 
the speed restriction were at 40 mph rather than 50 mph. 
 
Option	1:	Restrict	Speed	to	40	mph	in	All	Areas	
	
Costs 
 
The economic impact of slowing trains depends upon multiple factors including other types of 
trains, other train speeds, dispatching requirements, work zones, and topography.  Looking at a 
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numerous variables, for purposes of this particular analysis, DOT estimated the average cost of a 
train delay  to be$500 per hour.  This cost estimate was determined by reviewing costs associated 
with crew members, supply chain logistic time delays based on various freight commodities, and 
passenger operating costs for business and other travel.  PHMSA seeks comments on this 
estimate/assumption.   
 
Slowdown	
 
DOT assumed that crude oil fuel trains travel across six major transcontinental corridors and 
ethanol trains travel across two.  This assumption is based on observations and inferences drawn 
from the STB Waybill Sample.   In the first day of the implementation of this rule, PHMSA 
estimates that crude oil traffic would be slowed down by 4,970 hours, as 10 trains would delay 
traffic on six transcontinental corridors and six trains would delay traffic on 16 smaller corridors, 
the start or end corridors.   The total costs of crude oil train delay for the first day would be 
approximately $2.5 million.83  PHMSA estimates that ethanol traffic would be slowed down by 
3,162 hours as 10 trains would delay traffic on two transcontinental corridors and six trains 
would delay traffic on six smaller corridors.   The total ethanol train delay costs for the first day 
would be approximately $1.6 million.84  The total cost for the first year would be $1.5 billion.85   
 
Note that PHMSA took account of the voluntary compliance with a 40 mph speed limit for crude 
oil in HTUA.  The voluntary compliance is limited to 2 percent of trackage, the proportion of 
trackage in HTUAs, and is limited to those shipments made in cars that do not comply with 
CPC-1232, which are not subject to the voluntary compliance.  PHMSA’s estimate of the 
proportion of CPC-1232 cars is based on the proportion in effect at the effective date of the rule, 
which PHMSA estimates will be 11% of the HHFT fleet in 2015.  For the purposes of this 
analysis the number of CPC-1232 cars is held constant.  PHMSA believes that the voluntary 
compliance amounts to 1.78 percent of crude oil shipments.  This percentage is deducted from 
burdens (i.e., costs) estimated below and is also used to reduce the benefit estimates.  PHMSA 
request comments on the ratio of the HHFT fleet that are currently CPC-1232 tank cars. 
 
The phase in of ECP compliant train sets is assumed to result in equipping one third in year 2, 
two thirds in year 3, and 100 percent in Year 4.  This is expected to result in 4 trains per day 
affected on start-end corridors and 8 trains per day affected on middle corridors in Year 2, and in 
2 trains per day affected on start-end corridors and 6 trains per day affected on middle corridors 
in Year 3. 
 
Table S2. Cost of 40 mph Speed Limit, Year 1 
Cost of slowdown to 40 mph 

  

Number 
of 
Corridors 

Number 
of 
Trains 

Number 
of 
Hours 

Percentage 
of Usage 

Small 
City 
Reduction

Total 
Hours 

Total 
Daily Cost 

                                                 
83 4,970 (Hours delayed) * $500 (Train delay hourly cost) = $2,484,966 
84 3,247 (Hours delayed) * $500 (Train delay hourly cost) =  $1,580,857 
85 [$2,484,966 (Daily slowdown cost for Crude Oil) + $1,580,857 (Daily slowdown cost for Ethanol)]*7 (Days in a 
week) * 52 (Weeks in the year) =  $1,479,959,624. 
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Crude Traffic at 40 mph 
Start-
End 16 6 385 29% 1.78%

     
1,729  $864,336

Middle 6 10 770 71% 1.78%
     
3,241  $1,620,630

          Total 
     
4,970  $2,484,966

                
Ethanol Traffic at 40 mph 
Start-
End 6 6 576 29% 0%

        
987  $493,714

Middle 2 10 1,522 71% 0%
     
2,174  $1,087,143

          Total 
     
3,162  $1,580,857

 
 
Table S3. Cost of 40 mph Speed 
Limit, Year 1 
Total Daily Cost $4,065,823
Total Weekly Cost $28,460,762
Total Annual Cost $1,479,959,624

 
 
Table S4. Cost of slowdown to 40 mph Speed Limit, Year 2 

  

Number 
of 
Corridors 

Number 
of 
Trains 

Number 
of 
Hours 

Percentage 
of Usage 

Small 
City 
Reduction

Total 
Hours 

Total 
Daily Cost 

Crude Traffic at 40 mph 
Start-
End 16 4 233 29% 1.78%

    
1,046  $523,092

Middle 6 8 534 71% 1.78%
    
2,248  $1,123,917

          Total 
    
3,294  $1,647,009

                
Ethanol Traffic at 40 mph, Year 2 
Start-
End 6 4 250 29% 0%

       
429  $214,286

Middle 2 8 721 71% 0%
    
1,030  $515,000

          Total 
    
1,459  $729,286
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Table S5. Cost of 40 mph Speed 
Limit Year 2 
Total Daily Cost $2,376,295
Total Weekly Cost $16,634,064
Total Annual Cost $864,971,307

 
 
Table S6. Cost of slowdown to 40 mph, Year 3 

  

Number 
of 
Corridors 

Number 
of 
Trains 

Number 
of 
Hours 

Percentage 
of Usage 

Small 
City 
Reduction

Total 
Hours 

Total 
Daily Cost 

Crude Traffic at 40 mph 
Start-
End 16 2 181 29% 1.78%

       
813  $406,350

Middle 6 6 385 71% 1.78%
    
1,621  $810,315

          Total 
    
2,433  $1,216,665

                
Ethanol Traffic at 40 mph, Year 3 
Start-
End 6 2 228 29% 0%

       
391  $195,429

Middle 2 6 576 71% 0%
       
823  $411,429

          Total 
    
1,214  $606,857

 
 
Table S7. Cost of 40 mph Speed 
Limit, Year 3 
Total Daily Cost $1,823,522
Total Weekly Cost $12,764,656
Total Annual Cost $663,762,122

 
As the industry builds or retrofits cars that meet the specifications of a tank car as proposed by 
this rule, PHMSA estimates that the delay in traffic will decrease.  The tables below show that 
average cost of the slowdown by year.  PHMSA anticipates that by the end of year 3, all cars 
would meet these standards; therefore, there would be no additional slowdown costs. 
 
Table S8. Annual costs of Speed Reduction @40 mph in all areas – traffic slowed down 
over a 3-year period 
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Slow to 40 mph, All Tracks 
    Discounted Value 
    Discount Factor 
Year Cost 7% 3%
2015 $1,479,959,624 $1,383,139,836 $1,436,854,004
2016 $864,971,307 $755,499,439 $815,318,416
2017 $663,762,122 $541,827,611 $607,436,370
2018 $0 $0 $0
Total $3,008,693,054 $2,680,466,885 $2,859,608,790

 
Over a three year period, PHMSA estimates that the total costs associated with a 40 mph speed 
restriction would be $3.0 billion.  Discounting the cost at 3 and 7 percent the cost would be $2.9 
billion and $2.9 billion respectively.  PHMSA seeks comments on all of these cost estimates. 
 
Benefits 
 
 
For each scenario, we did not account for benefits from slowing crude oil traffic in DOT 
Specification 111 tank cars in HTUAs, just as we did not account for costs from this slowdown, 
because industry is already voluntarily slowing these cars down in HTUAs.  The effectiveness 
rates are presented in the table below.  
 
Table S9.  Speed Benefits Effectiveness Rates 40 mph in all areas 
 
Year Effectiveness Rate 
2015 34.67% 
2016 23.11% 
2017 11.56% 
 
The benefits of a 40 mph speed restriction in all areas for HHFTs that do not contain all tank cars 
meeting the new construction standard are presented below. 
 
Table S10. Costs and Benefits of 40 mph Speed Limit, 7 Percent Discount 

 

 
 

If the industry builds or retrofit cars more rapidly, the costs and benefits associated with this 

0 High Consequence Events
Benefits with Lower Consequence Events 
+ 10 High Consequence Events*

Benefits $198,718,478 $635,852,405
Costs $2,680,466,885 $2,680,466,885
Net Benefits -$2,481,748,407 -$2,044,614,480

20 Year Benefits, Costs, and Net Benefits for System Wide 40 MPH Speed Limit, 7 Percent Discount Rate

* 1 event of the 10 assumed to be 5x the average high consequence event in magnitude
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component of the proposed rule would decrease proportionally and dramatically.   
 
	
Option	2:	Restrict	speed	to	40	mph	in	Cities	with	a	Population	Greater	than	100,000	
Under this alternative, PHMSA would require HHFTs to operate at speeds no greater than 40 
mph only when transiting cities with a population greater than 100,000.  PHMSA estimates that 
approximately 10% of the track miles for crude oil and ethanol traffic are traversed in cities, 
areas with a population greater than 100,000 people.  We seek comments on this assumption.  
Therefore, only 10% of the track miles would be impacted, resulting in a 90% reduction of costs.  
The delay costs in cities may not be proportional to miles affected, because in and near cities 
congestion is more common.  Where lines are congested and very few trains can reach track 
speed, the impact of a speed restriction is dramatically less per mile. 

Calculations are performed as above, with a subtraction for the 1.78 percent of crude already 
covered by voluntary compliance in HTUAs and for the track miles not covered by this Option.  
To calculate the total hours of delay per day, the number of corridors are multiplied by the 
number of hours of delay times the percentage of usage times (100% minus the track miles 
covered reduction minus the voluntary action reduction).  The tables below show the average 
cost of the slowdown by year, over a three year period.   
 
 
Table S11. Cost of slowdown to 40 mph, Cities Only, Year 1 

  

Number 
of 
Corridors 

Number 
of 
Trains 

Number 
of 
Hours 

Percentage 
of Usage 

Small 
City 
Reduction

Total 
Hours 

Total 
Daily 
Cost 

Crude Traffic at 40 mph 
Start-
End 16 6 385 29% 1.78%

       
145  $72,336

Middle 6 10 770 71% 1.78%
       
271  $135,630

          Total 
       
416  $207,966

                
Ethanol Traffic at 40 mph 
Start-
End 6 6 576 29% 0%

         
99  $49,371

Middle 2 10 1,522 71% 0%
       
217  $108,714

          Total 
       
316  $158,086

 

Table S12. Cost of slowdown, Cities 
Only,Year 1 
Total Daily Cost $366,052
Total Weekly Cost $2,562,362
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Total Annual Cost $133,242,824
 

 
Table S13. Cost of slowdown to 40 mph, Cities Only, Year 2 

  

Number 
of 
Corridors 

Number 
of 
Trains 

Number 
of 
Hours 

Percentage 
of Usage 

Small 
City 
Reduction

Total 
Hours 

Total 
Daily 
Cost 

Crude Traffic at 40 mph 
Start-
End 16 4 233 29% 1.78%

         
88  $43,777

Middle 6 8 534 71% 1.78%
       
188  $94,060

          Total 
       
276  $137,838

                
Ethanol Traffic at 40 mph 
Start-
End 6 4 250 29% 0%

         
43  $21,429

Middle 2 8 721 71% 0%
       
103  $51,500

          Total 
       
146  $72,929

 

 

Table S14. Cost of 40 mph Speed Limit, Cities 
Only, Year 2 
Total Daily Cost $210,766
Total Weekly Cost $1,475,364
Total Annual Cost $76,718,907

 
Table S15. Cost of slowdown to 40 mph Speed Limit, Cities Only, Year 3 

  

Number 
of 
Corridors 

Number 
of 
Trains 

Number 
of 
Hours 

Percentage 
of Usage 

Small 
City 
Reduction

Total 
Hours 

Total 
Daily 
Cost 

Crude Traffic at 40 mph 
Start-
End 16 2 181 29% 1.78%

         
68  $34,007
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Middle 6 6 385 71% 1.78%
       
136  $67,815

          Total 
       
204  $101,822

                
Ethanol Traffic at 40 mph 
Start-
End 6 2 228 29% 0%

         
39  $19,543

Middle 2 6 576 71% 0%
         
82  $41,143

          Total 
       
121  $60,686

 

 

Table S16. Cost of 40 mph Speed 
Limit, Cities Only, Year 3 
Total Daily Cost $162,508
Total Weekly Cost $1,137,556
Total Annual Cost $59,152,922

 
 
Table S17. Cost 40 mph Speed Limit, Cities Only 
    Discounted Value 
    Discount Factor 
Year Cost 7% 3%
2015 $133,242,824 $124,526,004 $129,361,965
2016 $76,718,907 $67,009,265 $72,314,928
2017 $59,152,922 $48,286,405 $54,133,304
2018 $0 $0 $0
Total $269,114,654 $239,821,673 $255,810,197

 
 
Over a three year period, PHMSA estimates that the total costs associated with this section of the 
proposed rule would be $269.1 million if a 40 mph speed restriction were imposed only in cities 
with 100,000 people or more.  Discounting the costs at 3 and 7 percent, the 20 year cost would 
be $255.8 million and, $239.8 million, respectively.   
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PHMSA believes that any accident prevented in a city with a population of more than 100,000 
would have a greater than average impact in the total benefit pool. The average population 
density in these cities is approximately ten times higher than the average area, but there are other 
mitigating factors, such as reduced speed, that could mitigate damages.  To account for this, 
PHMSA doubles its estimate of the damages per track mile in cities with more than 100,000 
people.   
 
Only 10% of the track miles considered in the overall benefit pool are covered by this speed 
restriction option, and therefore no benefits are estimated for land outside of cities.  Note that the 
city track miles also include all of the miles where crude oil HHFTs are currently voluntarily 
reducing their speed. Therefore, we estimate the benefits of speed restriction Option 2 by 
multiplying the benefits of a speed restriction in all areas in the absence of any voluntary action 
by 10% (to remove uncovered miles), doubling the damages (to account for the greater threat in 
these cities), and then subtracting the benefits attributable to the voluntary slowing of select 
crude oil trains. The effectiveness rates are presented in the table below. 
 
Table S18.  Speed Benefits Effectiveness Rates 40 mph, Cities Only 
Year Effectiveness Rate 
2015 5.87% 
2016 3.91% 
2017 1.96% 
 
 
The discounted costs and benefits associated with Option 2 are shown in the table below. 
 
Table S19.  Costs and Benefits of 40 mph Speed Limit in Cities with a Population of 
Greater than 100K; 7 Percent Discount 

 
 
 
 
 

 
 
Option	3:	Restrict	speed	to	40	mph	in	High	Threat	Urban	Areas	

Baseline - 0 High 
Consequence Events

Benefits with Lower Consequence Events 
+ 10 High Consequence Events*

Benefits $33,639,410 $107,638,199
Costs $239,821,673 $239,821,673
Net Benefits -$206,182,264 -$132,183,474

20 Year Benefits, Costs, and Net Benefits for 40 MPH Speed Limit in Cities with >100K Pop, 7 Percent 
Discount Rate

* 1 event of the 10 assumed to be 5x the average high consequence event in magnitude
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High Threat Urban Area (HTUA) means an area comprising one or more cities and surrounding 
areas including a 10-mile buffer zone as  designated by the Department of Homeland Security 
see: 49 CFR part 1580—RAIL TRANSPORTATION SECURITY.   

On February 21, 2014 the AAR signed a letter to DOT discussing the transportation of crude oil.  
One of the commitments that they made was: 
 

“Railroad Subscribers commit to continue to adhere to a speed restriction of 50 
mph for any Key Crude Oil Train.  By no later than July 1, 2014, Railroad 
Subscribers will adhere to a speed restriction of 40 mph for any Key Crude Oil 
Train with at least one “DOT Specification 111” tank car loaded with crude oil 
or one non-DOT specification tank car loaded with crude oil while that train 
travels within the limits of any high-threat urban area as defined by 49 C.F.R. § 
150.3.  For purposes of these commitments, “DOT Specification 111” tank cars 
are those cars that meet DOT Specifications 111 standards but do not meet the 
requirements of AAR Circular CPC-1232 or any new standards adopted by DOT 
after the date of this letter.” 

 
In the call to action, there was voluntary compliance on the transportation of crude oil, however 
this did not include jacketed CPC-1232 tank cars, which incorporate around 11 percent of the 
fleet.  Therefore, except for jacketed CPC-1232, PHMSA does not anticipate any new costs 
associated with the slowdown of traffic in a HTUA when transporting crude oil.  Although the 
simulation only looks at a small segment of a subdivision, PHMSA estimates that around 2% of 
a crude oil corridor would have traversed through a HTUA.  PHMSA seeks comments on this 
assumption. 
 
Calculations are again performed as above, with the same reduction in costs to account for 
voluntary compliance for crude oil in HTUAs. 
 
 
Table S20. Cost of 40 mph Speed Limit, HTUAs Only, Year 1 

  

Number 
of 
Corridors 

Number 
of 
Trains 

Number 
of 
Hours 

Percentage 
of Usage 

Small 
City 
Reduction

Total 
Hours 

Total 
Daily 
Cost 

Crude Traffic at 40 mph 
Start-
End 16 6 385 29% 1.78%

           
4  $1,936

Middle 6 10 770 71% 1.78%
           
7  $3,630

          Total 
         
11  $5,566

                
Ethanol Traffic at 40 mph 
Start-
End 6 6 576 29% 0%

         
20  $9,874

Middle 2 10 1,522 71% 0%          $21,743
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43  

          Total 
         
63  $31,617

 
 

Table S21. Cost of 40 mph Speed Limit, 
HTUAs Only, Year 1 
Total Daily Cost $37,183
Total Weekly Cost $260,282
Total Annual Cost $13,534,664

 
 
Table S22. Cost of 40 mph Speed Limit, HTUAs Only, Year 2 

  

Number 
of 
Corridors 

Number 
of 
Trains 

Number 
of 
Hours 

Percentage 
of Usage 

Small 
City 
Reduction

Total 
Hours 

Total 
Daily 
Cost 

Crude Traffic at 40 mph 
Start-
End 16 4 233 29% 1.78%

           
2  $1,172

Middle 6 8 534 71% 1.78%
           
5  $2,517

          Total 
           
7  $3,689

                
Ethanol Traffic at 40 mph 
Start-
End 6 4 250 29% 0%

           
9  $4,286

Middle 2 8 721 71% 0%
         
21  $10,300

          Total 
         
29  $14,586

 
 

Table S23. Cost of 40 mph Speed 
Limit, HTUAs Only, Year 2 
Total Daily Cost $18,275
Total Weekly Cost $127,924
Total Annual Cost $6,652,027

 
 
Table S24. Cost of 40 mph Speed Limit, HTUAs Only, Year 3 

  
Number 
of 

Number 
of 

Number 
of 

Percentage 
of Usage 

Small 
City 

Total 
Hours 

Total 
Daily 
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Corridors Trains Hours Reduction Cost 

Crude Traffic at 40 mph 
Start-
End 16 2 181 29% 1.78%

           
2  $910 

Middle 6 6 385 71% 1.78%
           
4  $1,815 

          Total 
           
5  $2,725 

                
Ethanol Traffic at 40 mph 
Start-
End 6 2 228 29% 0%

           
8  $3,909 

Middle 2 6 576 71% 0%
         
16  $8,229 

          Total 
         
24  $12,137 

 
 

Table S25. Cost of 40 mph Speed Limit, 
HTUAs Only, Year 3 
Total Daily Cost $14,862
Total Weekly Cost $104,036
Total Annual Cost $5,409,882

 
 
Table S26. Cost of 40 mph Speed Limit, HTUAs Only 
    Discounted Value 
    Discount Factor 
Year Cost 7% 3%
2015 $13,534,664 $12,649,219 $13,140,450
2016 $6,652,027 $5,810,138 $6,270,174
2017 $5,409,882 $4,416,076 $4,950,809
2018 $0 $0 $0
Total $25,596,574 $22,875,432 $24,361,433

 
Over a three year period, PHMSA estimates that the total costs associated with this section of the 
proposed rule would be $25.6 million if a 40 mph speed restriction were imposed only HTUAs.  
Discounting the costs at 3 and 7 percent, the 20 year cost would be $24.4 million and, $22.9 
million, respectively.   
 
PHMSA believes that although only 2% of the track would have costs associated with them, any 
accident prevented would have a greater impact in the total benefit pool. Population densities in 
HTUAs are 10 to 100 times or more the average for smaller communities, and property values in 
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these largest US cities are higher. As a result, more people in these areas will be affected by 
evacuation notices, damage to the transportation network, buildings and other infrastructure. We 
estimate the benefits of speed restriction Option 3 by multiplying the benefits of a speed 
restriction in all areas in the absence of any voluntary action by 2% (to remove uncovered miles), 
multiplying the damages avoided by 3.5 (to account for the likely greater harm that might result 
in these HTUAs), and then subtracting the benefits attributable to the voluntary slowing of select 
crude oil trains. The effectiveness rates are presented in the table below. 
 
Table S27.  Speed Benefits Effectiveness Rates 40 mph, HTUA 
Year Effectiveness Rate 
2015 1.19% 
2016 0.79% 
2017 0.40% 
 
 
PHMSA applies effectiveness rates here in the same manner as described in the sections above. 
  
Table S28. Costs and Benefits of 40 mph Speed Limit in HTUA; 7 Percent Discount  

\ 

 
              

PHMSA seeks additional comments on its approach to quantify the impacts of speed restrictions.  
The most helpful comments reference a specific portion of the proposal, explain the reason for 
any recommended change, include supporting data (especially data on train speed and track 
capacity), and explain the source, methodology, and key assumptions of the supporting data.  
Specifically, PHMSA seeks data and comments on the following issues:  
 

1. What would the effects be of a 40-mph speed limit for HHFTs on other traffic on the 
network, including passenger and intermodal traffic, under each of the three described 
Options? 

2. To what degree, if any, would a 40-mph speed limit in select areas (as defined by Options 
2 and 3 below) cause rail traffic to be diverted to other lines, and what economic and 
safety effects would this shift have? 

3. To what degree, if any, would a 40-mph speed limit cause rail traffic under each of the 
three Options, particularly intermodal traffic, to be diverted onto truck or other modes of 
transit as a result of rail delays, and what economic and safety effects would this shift 
have? 

4. How might the extrapolation from the 124-mile subdivision to the entire rail network 
produce over- or underestimates of the effects of speed restrictions? 

5. How does the likelihood and severity of an accident change in cities of more than 

Baseline - 0 High 
Consequence Events

Benefits with Lower Consequence Events 
+ 10 High Consequence Events*

Benefits $6,814,061 $21,803,391
Costs $22,875,432 $22,875,432
Net Benefits -$16,061,371 -$1,072,042

* 1 event of the 10 assumed to be 5x the average high consequence event in magnitude

20 Year Benefits, Costs, and Net Benefits for 40 MPH Speed Limit in HTUA, 7 Percent Discount Rate
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100,000 people and in HTUAs? In addition to population density and average speed, 
what factors should PHMSA consider in scaling the damages per track mile in urban 
areas, and what data are available to quantify these factors? 

6. How would the safety benefits of the proposed speed limits change if combined with the 
proposed braking systems and tank car standards? 

7. What would be the economic benefits of limiting the proposed 40 mph speed restrictions, 
under each Option, to DOT Specification 111 cars that do not meet the requirements of 
CPC-1232 or DOT Specification 117? 

8. What would be the economic benefits of limiting the proposed 40 mph speed restrictions, 
under each Option, to tank cars that do not meet the requirements of DOT Specification 
117 and are carrying crude oil? 

9. What is the reduction in the probability of a derailment from reducing speed from 50 mph 
to 40 mph, and from 40 mph to 30 mph?  

10. To what extent will changes in the proportion or number of unit trains affect the 
assumptions and estimates made in this section? 

 Requirement	Area	4	–	Braking 

	

Proposed	Action	for	Braking	
 

 For all three tank car Options, by 10/1/15 HHFTs must be equipped and operated with 
two-way end of train (EOT) braking devices or distributed power (DP), or travel at 30 
mph or lower. 

 
 Applicable only to proposed tank car Option 1 (i.e., the PHMSA and FRA designed car), 

all HHFT tank cars built after October 1, 2015, and HHFT tank cars retrofitted to the 
PHMSA and FRA designed car standard, must be equipped with ECP brakes. Trains 
comprised entirely of PHMSA and FRA designed cars, except required buffer cars, must 
operate in ECP mode or travel at no greater than 30 mph. 

 

Determination	of	Need	
 
Braking systems reduce kinetic energy and therefore help prevent and mitigate the effects of 
train accidents. FRA has conducted research on the effectiveness of alternative brake signal 
propagation systems, which provide improved brake signal propagation time. PHMSA and FRA 
use that research to establish the need for alternative brake signal propagation systems 
requirements.  

In particular, FRA conducted simulations to better understand the effect on energy dissipation 
and stopping distance of different brake signal propagation systems such as: conventional brakes, 
DP configurations, and ECP.  The simulations were performed using the Train Energy & 
Dynamics Simulator (TEDS) program, developed by Sharma & Associates to study the 
dynamics and energy levels under a variety of operating conditions.  Derailments involving 
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trains equipped with two way EOT devices were not specifically simulated.    In simulated 
derailment speeds of 50 and 60 mph, at approximately the 9th car there is a divergence in the 
kinetic energy of individual railcars at the point of derailment between ECP, DP (EOT), and 
conventional brake systems.  At 50 and 60 mph, if a derailment occurs at the first car, changes in 
the brake signal propagation system will only be realized after the 10th car.  At a derailment 
speed of 40 mph the divergence occurs at the 7th car.  The following figures show the reduction 
in kinetic energy as a function of train speed and a tank car’s position in a train for each of the 
brake signal propagation systems described above.  

Figures 1, 2, 3 and 4 below are based on the following assumptions: 

 Each train includes three locomotives at 415,000 lbs., 100 cars at 263,000 lbs., train 
length 6,164 ft.  

 DP has two locomotives at front and one at rear of train.  

 DP 2/3 has two locomotives at front of the train, and one placed two thirds from the front. 

Dynamic brakes were assumed to be inactive for the purpose of the 18 percent effectiveness rate 
of DP, thus it is a fair statement to say DP at the end of the train without the benefit of dynamic 
brakes is equivalent to EOT.   Therefore, for the purposes of our analysis, we assumed EOT is as 
effective as DP when it is located at the end of the train.86     
Figure BR1. Kinetic Energy vs. Position in Train at a Derailment Speed of 40 Mph 

 

                                                 
86 The specifics of this model will be placed in the docket for this rulemaking upon completion.  This assumption 
would tend to underestimate the benefits of ECP brakes, because it enhances the safety level of the estimated 
baseline. 

6.0

7.0

8.0

9.0

10.0

11.0

12.0

13.0

14.0

5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

K
in
e
ti
c 
En

e
rg
y 
at
 p
o
in
t 
o
f 

d
e
ra
ilm

e
n
t 
 x
1
0
^6

 f
t‐
lb
s

Poistion in train

ECP

DP (2/3)

DP

Conventional



148 
 

Figure BR2. Kinetic Energy vs. Position in Train at a Derailment Speed of 50 Mph

 

 

 
Figure BR3 Kinetic Energy vs. Position in Train at a Derailment Speed of 60 mph 

 
 
The following graph provides the results of a comparison of the simulations of derailments at 40 
and 50 mph.  The data are the kinetic energy versus position in a train operating with 
conventional brakes.  The trend line of the difference in energy per car is shown.  The trend line 
is relatively flat, but the slope begins to increase slightly after 15th car.   
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Figure BR4 Kinetic Energy vs. Position in Train at Derailment Speeds of 40 and 50 Mph 

 
 
The results of these simulations show that alternative brake signal propagation systems decrease 
brake signal propagation time relative to the conventional brake system. Thus, additional 
requirements for alternative brake signal propagation systems constitute a feasible set of 
alternatives for addressing HHFT risk. 
 

 Using its methodology to evaluate the probability of tank car puncture, DOT calculated 
that a derailment involving a train made up of Option 1 tank cars (equipped with ECP 
brakes) will result in 36 percent fewer cars puncturing than the same train with 
conventional brakes.  As such DOT estimates that ECP brakes would reduce the severity 
of a HHFT accident by an estimated 36 percent, compared to conventional brakes. 

 Figures 1, 2 and 3 show that the ability for trains operating with two-way EOT device 
and DP brake systems to dissipate energy is between the abilities of those operating with 
ECP and conventional brake systems.  Accordingly, DOT estimates that two-way EOT or 
DP would reduce the severity of a HHFT accident by 18 percent (half of the 36% 
estimated for ECP brakes), compared to conventional brakes.   
 

Based on Sharma’s modeling, the effectiveness of ECP was determined to be 36%, and DP was 
calculated (not simulated) to determine effectiveness of about 18 percent.  However, as both DP 
and EOT effectiveness were calculated based on a number of factors and previous model runs, 
PHMSA and FRA will place a technical supplement into the rulemaking docket to provide 
greater detail on the inputs and assumptions underlying the model. 
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Alternatives	Considered		
	

Alternative	1:	No	Action	Alternative	–	Status	Quo	
 
If the proposed braking requirements are not changed, the damages estimated in the absence of 
this rulemaking would not be reduced. This alternative would also impose no costs. 

Alternative	2:	End	of	Train	Devices	or	Distributed	Power,	or	30	MPH	in	all	areas	
 
Alternative 2 would require each HHFT to be equipped and operated with either a two-way EOT 
device, as defined in 49 C.F.R. 232.5 of this title, or DP, as defined in 49 C.F.R. 229.5 of this 
title.  If HHFTs are not equipped with two-way EOT devices or DP, they would have to travel at 
no greater than 30 mph. 

Alternative	3	(applicable	to	tank	car	Option	1	only):	Alternative	2,	plus	ECP	on	All	
Newly	Constructed	and	Retrofitted	DOT	Specification	117	cars	
 
Similar to Alternative 2, Alternative 3 would require HHFT to be equipped and operated with 
either a two-way EOT device, as defined in 49 C.F.R. 232.5 of this title, or DP, as defined in 49 
C.F.R. 229.5 of this title. If HHFTs are not equipped with two-way EOT devices or DP, they 
would have to operate at no greater than 30 mph. 
 
In addition, applicable to proposed tank car Option 1 only (i.e., the PHMSA and FRA Designed 
Car), Alternative 3 would require all HHFT  tank cars built after October 1, 2015 to be equipped 
with ECP brakes in accordance with subpart G of 49 C.F.R. 232. Further, Alternative 3 would 
require all HHFT tank cars retrofitted to the proposed Option 1 tank car standard to be equipped 
with ECP brakes. After October 1, 2015, a HHFT comprised entirely of cars meeting the FRA 
and PHMSA Designed Car standard, except for required buffer cars, must be operated in ECP 
brake mode or travel at no greater than 30 mph. 

Background	
 
The two-way EOT device includes two pieces of equipment linked by radio that initiate an 
emergency brake application command from the front unit located in the controlling locomotive, 
which then activates the emergency air valve at the rear of the train within one second.  The rear 
unit of the device sends an acknowledgment message to the front unit immediately upon receipt 
of an emergency brake application command.  A two way EOT device is more effective than 
conventional brakes because the rear cars receive the brake command more quickly. 
 
DP is a system that provides control of a number of locomotives dispersed throughout a train 
from a controlling locomotive located in the lead position. The system provides control of the 
rearward locomotives by command signals originating at the lead locomotive and transmitted to 
the remote (rearward) locomotives.   
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ECP systems simultaneously sends a braking command to all cars in the train, reducing the time 
before a car’s pneumatic brakes are engaged compared to conventional brakes. The system also 
permits the train crew to monitor the effectiveness of the brakes on each individual car in the 
train and provides real-time information on the performance of the entire braking system of the 
train.  ECP brake system technology also reduces the wear and tear on brake system components 
and can significantly reduce fuel consumption. All cars in a train must be equipped with ECP 
before a train can operate in ECP brake mode. 
 
On March 9, 2011, AAR, on behalf of its members and the Tank Car Committee (TCC), jointly 
petitioned PHMSA and Transport Canada (TC) to establish new standards for DOT Class 111 
tank cars used to transport hazardous materials in packing groups I and II. The petition (P-1577), 
which was an outgrowth of a TCC executive working group, proposed new construction 
standards and specifically recommended no modification for existing tank cars. The AAR agreed 
to forward the petition to PHMSA on behalf of the TCC as a result of a unanimous decision by 
the Committee. 
 
On May 10, 2011 FRA met with the RSI Tank Car Committee to discuss improvements to tank 
cars used for the transportation of crude oil in unit trains. FRA requested this meeting to discuss 
improving tank car safety specific to crude oil tank cars given the recent increase in demand for 
these cars. At the meeting FRA presented information from a recent unit train accident in 
Arcadia, Ohio. The intent of the meeting was to spur discussion about innovative solutions that 
improve tank car safety for future changes in the hazardous materials transportation supply 
chain. The advent of increased shipments of crude oil in unit train quantities provided an avenue 
to discuss safety enhancements prior to a major tank car build. The FRA suggested a number of 
potential safety enhancement technologies such as spray-on thermal protection, manway 
redesign, and tank car design improvements (rounding edges of components) for consideration 
by the tank car builders/owners. The meeting resulted in the RSI members offering to develop an 
industry standard (non-regulatory) in collaboration with the AAR, the Renewable Fuels 
Association (RFA), Growth Energy, and the American Petroleum Institute (API). This effort was 
conducted through a TCC Task Force led by the FRA.  This effort led to a task force known as 
the T87.6 Task Force. 
 
The T87.6 Task Force developed several findings, including findings on alternative brake 
propagation systems. The alternative brake signal propagation systems considered included 
conventional air brakes, ECP, DP, and two-way EOT devices. As the name suggests the baseline 
system was conventional with ECP, DP, and EOT the proposed alternatives. The EOT device 
performs the same as DP with locomotives at the front and rear. Intermediate EOT technology is 
a system not currently in use nor developed. 
 
The Train Energy & Dynamics Simulator (TEDS) was used to study the dynamics and energy 
levels of trains under a variety of operational conditions. Specifically, TEDS was used to 
determine the stopping distance and the rate of dissipation of kinetic energy (KE) of a generic, 
100 tank car train on level tangent track equipped with the candidate brake signal propagation 
systems. The simulations were used to determine the relative performance of the different 
systems. The model was validated using brake signal propagation data from Wabtec and data 
from a BNSF test performed in 2008. 
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This modeling tool was then used to determine the remaining energy to be dissipated and the 
speed at selected locations in the train when that tank car reached a defined point specified as the 
Point of Derailment (POD). By comparing the results for each technology, assumptions were 
made for the difference in number of cars reaching the point of derailment, remaining kinetic 
energy of all of the cars in the train at a set time interval, and conditional probability of release 
(CPR) of the train.  
 
A rough estimate of the conditional probability of release for a train equipped with ECP brakes 
was calculated as follows. The ratio of the KE of the cars equipped with ECP to that of 
conventional was determined to be 0.863. The square root of this number represents the ratio of 
the speed of the all of cars in the ECP train to the conventional train. This ratio is 0.929. 
Assuming the speed of the conventional train was 50 mph, the calculated speed of the ECP train 
is 46.5 mph. Using previous work relating train speed to train CPR18 (CPR at 18 mph), the 
calculated CPR50  (CPR at 50 mph) is 0.48 and the CPR46 (CPR at 46 mph) is 0.45. The ratio of 
the CPRs is 0.938 resulting is a 6.25% reduction in the CPR. The objective is to reduce the CPR 
and use of ECP brakes represents the upper limit in the reduction of CPR. In similar analyses 
industry has considered options resulting in a 20 percent reduction in the CPR to be worthy of 
further consideration and/or adoption. 
 
Informed by a 2008 FRA rule on ECP,87 the task force estimated unit costs for ECP to be $4,500 
per car for new construction with an overlay (dual-use) system, $5,000 per car for retrofit with an 
overlay system and $44,000 per locomotive.  The group found: 
 

Based on the simulation results and analysis of the data it was concluded the alternatives 
considered provided marginal benefits. Moreover the identified obstacles to 
implementation represent a considerable time and cost investment and the predicted 
benefits would not be realized for months or years in the future. As such, this working 
group will not make a recommendation related to alternative brake signal propagation 
systems.88 

 
In the September 6, 2013 ANPRM, PHMSA specifically requested comments pertaining to 
alternative brake signal propagation systems (ECP, DP, and EOT devices) to reduce the number 
of cars and energy associated with derailments.  In addition, FRA and RSAC have considered 
and evaluated the usefulness of alternative brake signal propagation systems. As described 
above, FRA has conducted simulations to better understand the effect on energy dissipation and 
stopping distance of different brake signal propagation systems. 
 
Alternative	1:	No	Action	Alternative	–	Status	Quo	
	
If the proposed braking requirements are not changed, the damages estimated in the absence of 
this rulemaking would not be reduced. This alternative would also impose no costs. 

                                                 
87 For the FRA final rule, https://www.federalregister.gov/articles/2008/10/16/E8-22549/electronically-controlled-
pneumatic-brake-systems  
88 T87.6 Task Force Summary Report, PHMSA-2012-0082-0012, 
http://www.regulations.gov/#!documentDetail;D=PHMSA-2012-0082-0012  
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Please note that PHMSA expects all Class I and Class II railroads’ HHFTs currently have EOT 
devices or DP. PHMSA also expects all Class III railroads’ HHFTs to either have EOT devices 
or operate over track with a maximum authorized speed of 30 mph.  
 

Alternative	2:	End	of	Train	Devices	or	Distributed	Power,	or	30	MPH	in	
all	areas	
 
End	of	Train	(EOT)	Devices	and	Distributed	Power	(DP)	
 
By October 1, 2015 PHMSA would require that every HHFT be equipped with a two way EOT 
device or DP, or would be required to travel at a speed no greater than 30 mph.  
 
As noted above, PHMSA expects all Class I and Class II railroads’ HHFTs currently have EOT 
devices or DP. Thus, PHMSA estimates no costs or benefits for Alternative 2 for Class I and II 
railroads.  
 
Also noted above, PHMSA also expects that all of the Class III railroads that operate HHFTs on 
tracks with a maximum authorized speed in excess of 30 mph have a two-way EOT or DP. Those 
railroads are likely to be equipped with EOTs to use on trains that do not qualify for at least one 
of the exceptions to 49 CFR §232.40. Railroads operating over track with a maximum authorized 
speed of 30 mph would not be affected. Therefore, PHMSA estimates no costs or benefits 
associated with Alternative 2 for Class III railroads.  PHMSA seeks comments on these 
assumptions. 
	
PHMSA proposes to codify the existing alternative brake propagation system actions described 
above. For tank car Option 2 (i.e., the AAR 2014 car) and Option 3 (i.e., the modified CPC 1232 
Jacketed car), PHMSA proposes Alternative 2 as the only braking requirement. For tank car 
Option 1 (i.e., the PHMSA and FRA Designed Car, PHMSA proposes Alternative 3, which 
includes the two-way EOT device or DP requirements of Alternative 2 and adds an ECP braking 
requirement.  
 
PHMSA does not expect Alternative 2 to differ in effect from Alternative 1, the status quo.	
	
Alternative	3	(applicable	to	tank	car	Option	1	only):	Alternative	2,	plus	
ECP	Brakes	 

Alternative 3 would have the same two-way EOT device and DP requirements as Alternative 2, 
and—for the reasons discussed above—PHMSA no costs or benefits these requirements.	
	
In addition, applicable to proposed tank car Option 1 only (i.e., the PHMSA and FRA Designed 
Car), Alternative 3 would also require a tank car manufactured for use in a HHFT after October 
1, 2015, to be equipped with ECP brakes in accordance with subpart G of 49 C.F.R. 232. Further, 
Alternative 3 would require all tank cars retrofitted to the proposed PHMSA and FRA Designed 
Car standard to be equipped with ECP brakes. After October 1, 2015, a HHFT comprised 
entirely of cars meeting the FRA and PHMSA Designed Car standard, except for required buffer 
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cars, must be operated in ECP brake mode or travel at no greater than 30 MPH. 
 
If a train is operated with ECP brake systems, speed restrictions created by this proposed rule 
would not apply and a train could travel at speeds up to 50 mph.  

Electronic	Controlled	Pneumatic	(ECP)	Brakes 
 
For the purposes of this analysis, PHMSA is assuming that phase-in of equipment with ECP 
brakes would begin in 2015.  PHMSA believes that within the first year enough tank cars would 
be available to begin making up a unit train meeting the Option 1 tank car specification and 
operating with ECP brakes.  PHMSA estimates that there are 300 loaded unit trains on the 
general network at any given time.  PHMSA requests comments on this assumption.  

Tank	Car	Costs	for	ECP	Brakes	
 
Within the cost analysis for the Option 1 tank car, in the Tank Car section of the RIA, PHMSA 
estimated the cost and implementation timing for ECP brake on individual cars. In that section, 
PHMSA estimated: 
 

 Cost of ECP brakes costs per newly constructed tank car: $3,000 
 Cost of ECP brakes costs per retrofitted tank car: $5,000 

 
The cost analysis for the Option 1 car explained the sources for these estimates.  
 
As shown in the cost analysis for the Option 1 tank car, PHMSA assumes that ECP brakes are 
installed at the time in which a DOT Specification 111 unjacketed of CPC 1232 unjacketed is 
retrofitted to meet tank car Option 1, or when a new tank car is constructed to meet the Option 1 
tank car. 
 
For the 20-year period of analysis, the estimated total cost ECP brakes on tank cars is $422 
million, discounted at a rate of 7 percent. This cost can be seen as the difference between the cost 
of tank car Option 1and tank car option 2, and it is described in the Tank Car section of the RIA. 
 

Locomotive	Costs	for	ECP	Brakes	
 
PHMSA estimates that 900 locomotives would be required to be retrofitted ECP brakes, as these 
trains would be designated unit trains.  Class I railroads reported to PHMSA that the costs to 
retrofit a locomotive would be approximately $79,000.  PHMSA assumes that the railroads 
would retrofit all impacted locomotives in the first year.  PHMSA seeks comments on this 
assumption.   
 
The total cost to retrofit the locomotives with ECP systems would be $71.1 million.  As this cost 
is incurred in the first year it is not discounted.  
 
PHMSA recognizes that other costs, such as the cost to repair ECP, may be incurred, but it does 
not estimate those costs. 
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Training	Costs	for	ECP	Brakes	
 
There are two parts of training costs.  The first cost is the training of the supervisors.  These 
supervisors would then train the engineers and conductors, which is the second cost associated 
with training.   
 
PHMSA estimates that 7 training classes of supervisors, class size between 25 and 30, would 
take place at the headquarters of each of the railroads.  PHMSA estimates that the training would 
last 2 weeks, and that each of the trainers would take 2 weeks to prepare for the training sessions.  
PHMSA assumes the burdened hourly wage rate to be $61.16.89 The total cost for the trainers 
would be $68,503.90  PHMSA assumes that 200 supervisors would be flown into each railroads 
headquarters for this two week training. The total cost including flight, hotel, taxi, food, and 
wages would is $7,090 per employee.91 Assuming that there are 200 supervisors the total cost 
would be $1.4 million.92 
 
The second part of the training would be to train the locomotive engineers and conductors on 
how to use the ECP brakes.    
 
PHMSA assumes that there would be 150 loaded train sets with crude oil and ethanol.  Each haul 
is between 1,000 and 1,300 miles, requiring crew changes every 130 miles.  The trains would 
need crews trained in ECP brakes for both the loaded and residue side of the trip.  PHSMA also 
estimated that and extra crews would be needed.  Therefore each train would require 60 
employees (both engineers and conductors) for the full length of the trip.  With 150 trains 
needing 60 employees PHMSA estimates that 9,000 locomotive engineers and conductors would 
need to be trained. 
 
PHMSA estimates that there are 4,500 locomotive engineers who would need to be trained. 
These training classes would take place at the local sites in classrooms of 30 employees.  These 
classes would be taught by the supervisors who were recently instructed on how to train the 
locomotive engineers who report to them.  With 4,500 locomotive engineers, there would be 
approximately 150 classes taught.  PHMSA estimates that these training classes would last two 

                                                 
89 PHMSA used the 2012 STB’s Wage Statistics of Class I railroads to determine the number of Class I railroad 
employees who would be impacted by the proposed rule.  Statement A‐300 and the AAR Fact Book provided an 
employee count to assess the number of impacted railroad employee.  PHMSA included all employees from 
Professional and Administrative and Transportation (Train and Engine).  PHMSA incorporated a 75% overhead cost 
as well. This differs from the 60% overhead cost applied in the classification of mined liquids and gas and the 
routing sections.  This is because BLS wage data includes some benefits while STB data does not.  These wages 
were adjusted in accordance with the "Guidance on Treatment of the Economic Value of a Statistical Life in U.S. 
Department of Transportation Analyses." http://www.dot.gov/regulations/economic‐values‐used‐in‐analysis. 
90 [$61.16 (Wage rate)*80 (Hours of training)*7 (Number of classes)]+[61.16 (Wage rate)*80(Hours to prepare for 
training)*7(Number of trainers)]=$68,503 
91 [12 (Days of the trip) * $100 (Daily hotel room cost)] + [315 (Average Cost of Flight)] + [12 (Days of the trip) * 
46(Average per diem)] + [130 (Other transportation costs)] + [80 (Hours of  training) * $61.16 (Wage rate)] = 
$7,090.06 
92 200 (Number of supervisors) * 7,090.06 (Cost of training) = $1,418,013 
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weeks.  The costs associated with the supervisors to train the locomotive engineers would be 
$733,960.93  The proposal requires that all locomotive engineers be trained in order to ensure 
safe operations of the trains.  The cost to train the all locomotive engineers would be $18.0 
million.94   
  
PHMSA estimates that there are 4,500 conductors who would also need to be trained.  Similar to 
the previously described locomotive engineer training sessions, these would take place at the 
local sites in classes of 30 employees.  These classes would be taught by the supervisors who 
were recently instructed on how to train the conductors who report to them.  With 4,500 
conductors, there would be approximately 150 classes taught.  PHMSA estimates that these 
training classes would last two days.  The costs associated with the supervisors to train the 
conductors would be $146,792.95  The proposal requires that all conductors be trained in order to 
ensure safe operations of the trains.  The cost to train the all conductors would be $3.6 million.96   
 
For the 20-year period of the analysis, the estimated total cost associated with the training of 
engineers and conductors on how to operate ECP brakes would be $24.0 million.  As this cost is 
incurred in the first year it is not discounted. 
 
PHMSA assumes that any additional future training required for ECP would be tied into the 
current training programs and would therefore have minimal costs. 
 

Summary	of	Costs	
 
Table B1 below summarizes the individual costs and assumptions for Alternative 3. PHMSA 
seeks comments on all costs and assumptions presented in this section.  
 
The benefits presented this section represent 100 percent of the costs of ECP braking 
requirements, including the $422 million attributed to the ECP requirement for tank cars. As 
mentioned, this $422 million is also accounted for in the cost analysis for the Option 1 tank car, 
in the Tank Car Section of the RIA. Thus, it must be emphasized that adding the ECP benefits 
from the Option 1 tank car benefits analysis section to the benefits presented here would result in 
a double-counting of benefits.  
 
Table B1: ECP Braking Costs HHFTs with Option 1 Tank Car 
Variable Formula/Input Source 
Total Number of Existing Locomotives in HHFT 
Service Without ECP Brakes 

900 DOT Estimate 

Cost of ECP, Per Locomotive $79,000 DOT Estimate 
Cost of ECP, Per Retrofitted Car (included in 
retrofit cost of PHMSA and FRA Designed 
Car standard) 

$5,000 DOT Estimate 

                                                 
93 150 (Number of classes) * 80 (Hours of training) * $61.16 (Wage rate) = $733,960 
94 4,500 (Number of engineers) *80 (Hours of training) * $49.97 (Wage Rate) = $17,987,815  
95 150 (Number of classes) * 16 (Hours of training) * $61.16 (Wage rate) = $146,792 
96 4,500 (Number of conductors) *16 (Hours of Training) * $49.97 (Wage Rate) = $3,597,563  



157 
 

Table B1: ECP Braking Costs HHFTs with Option 1 Tank Car 
Variable Formula/Input Source 

Cost of ECP, Per New Car (included in 
incremental cost of PHMSA and FRA 
Designed Car standard) 

$3,000 DOT Estimate 

Number of New Class I Locomotives Entering 
HHFT Service, 2015-2034 

None DOT Estimate 

Cost of ECP Training for Supervisors in Year 1 $1,400,000 DOT Estimate 

Cost of ECP Training for Engineers in Year 1 $18,400,000 DOT Estimate 

Cost of ECP Training for Conductors in Year 1 $3,700,000 DOT Estimate 

Costs of ECP All Training in Years 2-20 None DOT Estimate 

Costs of the 30 MPH Speed Limit for HHFT, with 
All ECP-Equipped Tank Cars, Not Operating in 
ECP Brake Mode 

None DOT Estimate 

Cost of ECP Brake Repairs Not estimated DOT Estimate 

Cost of Factory Expansion to Accommodate 
Demand Growth for ECP Brakes 

Not estimated DOT Estimate 

Cost of ECP for buffer cars None DOT Estimate 

 
For the 20-year period of the analysis, the estimated total cost associated with the 
implementation and training related to ECP brake system locomotives would be $95.1 million 
($71.1 million for locomotives and $24.0 million for training). 
 
Including the cost for tank cars, for the 20-year period, discounted at 7 percent, the estimated 
total cost associated with the ECP braking requirements for Alternative 3 be $510.8 million. 
 

Safety	Benefits	of	ECP	Brakes	
 
PHMSA finds ECP brakes would reduce the damages associated with HHFT accident. Benefits 
include both reductions in property damage caused as well as the number of fatalities and/or 
injuries.  
 
As described in the analysis of the Option 1 tank car, within the Tank Car Section of the RIA, 
FRA research indicates that DP and two-way EOT devices reduce kinetic energy an average of 
18 percent compared to conventional braking.  PHMSA and FRA believe all trains hauling large 
volumes of flammable liquids are currently equipped with either two-way EOT or DP. As noted 
throughout this RIA, PHMSA and FRA believe all HHFTs are currently equipped with either 
two-way EOT or DP, or would be going 30 mph. 
 
ECP results in substantially greater reductions in kinetic energy reduction than EOT or DP. FRA 
research suggests an additional 18 percent marginal improvement over EOT and DP. We use this 
effectiveness to estimate the benefits that would result from deployment of ECP braking on unit 
trains of flammable liquid. PHMSA will place into the docket for this rulemaking a technical 
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supplement that describes the model inputs and assumptions that were used to develop the 
effectiveness rates for each brake option. 
 
To derive benefits, the estimated damages in the absence of this rule are multiplied by the 
percentage of cars equipped with ECP brakes in each year and by the effectiveness of ECP 
braking compared to alternative brake signal propagations systems such as EOT or DP, which as 
noted is 18 percent.  
 
Please note that the benefits of the Option 1 tank car also accounts for some of the benefits of 
ECP braking. Roughly 80 percent of the costs of deploying ECP braking are the costs of 
equipping tank cars with ECP equipment. In the benefits analysis for the Option 1 tank car, 
PHMSA multiplies damages by .8 x .18 = .144 x the percentage of the fleet that is ECP equipped 
to generate estimated benefits that it attributes to tank cars. It should be noted that equipping 
trains with ECP capability requires that equipment be installed on both the cars and locomotives 
in the train, and this analysis assumes that the percentage of the tank car fleet meeting the tank 
car Option 1 is equal to the percentage of HHFT operating in ECP brake mode. 
 
The benefits presented this section represent 100 percent of the benefits of ECP braking 
requirements, including the 80 percent of benefits attributed to the ECP requirement for tank cars 
(as described in the Tank Car section of the RIA). It must be emphasized that adding the ECP 
benefits from tank car Option 1 benefits analysis section, from the Tank Car Section of the RIA, 
to the benefits presented here would result in a double-counting of benefits.  
 
Table B2 below summarizes the estimates used in the benefits analysis for Alternative 3. 
PHMSA seeks comments these estimates. 
 
Table B2: ECP Braking Benefits HHFTs with Option 1 Tank Car 
Variable Formula/Input Source 
Percentage of HHFT with Two-Way EOT 
Devices or DP Prior to ECP Installation, or 
Operating at 30 MPH 

100% DOT Estimate 

Marginal Effectiveness (or Risk Reduction), DP 
Relative to Two-Way EOT Devices 

None DOT Estimate 

Marginal Effectiveness (or Risk Reduction), 
ECP Brakes Relative to Two-Way EOT Devices 
or DP 

18% Sharma and Associates, Train Energy 
& Dynamics Simulator 

Percentage of HHFT in ECP Brake Mode in 
2016 

19% DOT Estimate, Based on Percentage 
of Fleet Meeting PHMSA and FRA 
Designed Car Standard 

Percentage of HHFT in ECP Brake Mode in 
2017 

42% DOT Estimate, Based on Percentage 
of Fleet Meeting PHMSA and FRA 
Designed Car Standard 

Percentage of HHFT in ECP Brake Mode in 
2018 

71% DOT Estimate, Based on Percentage 
of Fleet Meeting PHMSA and FRA 
Designed Car Standard 

Percentage of HHFT in ECP Brake Mode, 2019-
2034 

87% DOT Estimate, Based on Percentage 
of Fleet Meeting PHMSA and FRA 
Designed Car Standard 
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Business Benefits of ECP Braking  
 
ECP braking systems also have additional potential operational and safety benefits.  In 2008, 
FRA issued a final rule permitting the use of ECP brake systems.  In an accompanying analysis, 
FRA found that ECP brakes offered major benefits in train handling, car maintenance, fuel 
savings, and network capacity under the operating conditions present in that timeframe.  ECP 
brake use could also significantly enhance rail safety in ways beyond reducing the severity of 
derailments.  The safety benefits of ECP brakes include: fewer and less-severe collisions with 
obstacles on the railroad, including vehicles stuck on grade crossings; fewer and less-severe 
train-to-train collisions; reduced chances of runaway trains; and fewer train-handling accidents, 
including derailments.   
 
Compared with the potential performance of ECP brakes, conventional braking systems 
contribute to greater in-train forces, more complex train handling, longer stopping distances, and 
safety risks of prematurely depleting air brake reservoirs.  Traditional train-handling procedures 
require anticipating draft (pulling) and buff (compressive) forces within the train, particularly on 
hilly terrain; and any misstep can result in derailment.  Conventional braking systems are very 
complex and subject to failure, which is a maintenance challenge and a safety concern.  
Conventional brakes can also stop functioning on individual cars en route without the locomotive 
engineer being aware of it.  These challenges and concerns are greatly reduced in the ECP brake 
mode of operation, during which all cars brake simultaneously by way of an electronic signal.  
ECP brake systems simultaneously apply and release freight car air brakes through a hardwired 
electronic pathway down the length of the train, and allow the engineer to “back off” or reduce 
the braking effort to match the track grade and curvature, without having to completely release 
the brakes. 
 
These differences in the operation of the two braking systems give ECP brakes several business 
benefits.  Operationally, ECP brakes have the potential to save fuel and reduce emissions, reduce 
wear and stress on wheels and brake shoes, and provide train engineers greater control on the 
braking characteristics of trains. From a safety perspective, ECP brakes greatly reduce the risk of 
runaway trains, and reduce the probability of an incident by providing 40 to 60 percent shorter 
stopping distances.  ECP brake wiring also provides the train a platform for the gradual addition 
of other train-performance monitoring devices using sensor-based technology to maintain a 
continuous feedback loop on the train’s condition for the train crew. 
 
The safety benefits of ECP brakes are included in the general benefits analyzed and accounted 
for above.  The 2008 analysis accounted for four categories of benefits (three categories of safety 
benefits and one category of business benefits). The safety benefits included reductions in costs 
of highway-rail grade crossing accidents, reductions in costs of train and equipment accidents, 
and reductions in environmental and clean-up costs.  Those benefits are already accounted for.  
The analysis above does not, however, account for business benefits. 
  
Of the business benefits identified in the 2008 analysis, PHMSA is including in this analysis a 
subset of those benefits, adjusted as shown in tables below. The benefits are adjusted for 
differences in application and scale, differences in cost levels, and differences in fuel efficiency.  
PHMSA assumes that all train related benefits will accrue at 100 percent once brakes have been 
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installed on all HHFTs by year 2018 and thereafter PHMSA assumes that one-third of the HHFT 
fleet will be equipped with ECP brakes in 2016, two-thirds in 2017, and all of the fleet in 2018 
and subsequent years. 
 
Assumptions used below include an assumption there will be 900 locomotives, three each in 300 
sets, 100 trailing cars behind each set of locomotives, and that each train will travel an average of 
220 miles per day.  The 900 locomotives assumption is based on industry projections; the 
assumption there will be three locomotives in a train is based on industry practice observed by 
FRA staff and the number of loaded trains, 150, needed to haul the peak carloads in HHFTs. The 
assumption that an average train has 100 cars is based on observations of FRA and PHMSA field 
staff.  FRA staff with experience in train operations, and data from waybills indicate that unit 
trains are likely to operate an average of 220 miles per day.  FRA and PHMSA believe that with 
restrictions on trains not equipped with ECP brakes, railroads are likely to move as great a 
proportion of their HHFTs as possible in ECP equipped unit trains. 
 
Train Velocity 
 
In 2008, FRA calculated benefits from improved train velocity. PHMSA assumes that operators 
will derive no business benefit from improved train velocity because the proportion of trains 
expected to be equipped with ECP brakes is relatively small.   Just a handful of equipped trains 
on any given line are unlikely to affect overall train velocity. 
 
Set-Out Relief 
 
Under the 2008 rule, trains equipped with ECP were given relief from set-out requirements.  The 
benefit of set-out relief was described the analysis: 
 

Additional regulatory flexibility is provided by the rule.  The removal of 
equipment with defective or inoperative brakes en route, known as set-outs, is 
eliminated.  The defective equipment is permitted to remain in the train consist to 
destination, not to exceed 3,500 miles.  ECP brake systems monitor in real time 
the health of the train’s brake system, thus eliminating the safety concern that 
exists in conventionally-braked trains.  Locomotive engineers operating trains 
equipped with ECP brakes have the ability to monitor the condition and the 
location of defective or inoperable brakes.  ECP brake-equipped trains are not 
required to stop and set out a defective car.  FRA requested and received 
comments and information on the cost per set-out.  The AAR provided comments 
on the cost per set-out ($400) and the quantity of set-outs (10 percent).  While 
FRA agrees that the original set-out percentage was high, the 10 percent long-haul 
train figure offered by AAR is too low.  This figure does not address the extended 
mileage that the rule permits ECP brake trains to travel (3,500 miles versus 1,000 
miles).  FRA estimates, on average, 20 percent of trains must stop en route for one 
set-out due to the increased length of haul of ECP brake trains.  FRA accepts the 
$400 figure provided by the AAR for the cost of a set-out.  The number of ECP 
brake-equipped trains annually, as estimated above, is 178,071 + 14,000 unit 
trains = 192,071 trains per year.  Approximately, half of these trains will likely 
avoid one set-out valued at $400 each.   
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For purposes of this analysis, there is no reason to increase the value of avoided set-outs from 10 
percent to 20 percent, because only about half of set-outs are related to brake issues, so the value 
from the original analysis is halved.  For example, a car may need to be set out because of a 
defective hand hold, and the likelihood of such a set-out is not affected by the presence of ECP 
brakes.  In this analysis FRA assumes one brake caused set out avoided on 10 percent of 1,000 
miles trips or one brake induced set-out avoided for every 10,000 miles of unit train travel.  To 
update the numbers from 2008 to 2014, PHMSA used labor cost index values reported by AAR 
to the STB because the primary cost of a set-out is employee time.  In Q2 2014 Class I railroads 
reported their labor cost index to be 388.1, and they had reported the labor cost index in Q2 2008 
to have been 313.6.  The ratio is 1.2376, which when multiplied by the 2008 estimate of $400, 
yields a 2014 estimate of $495. 
 
PHMSA estimates that when all ECP locomotives have joined the fleet, each set of locomotives 
will operate 220 miles per day, 360 days per year, for a total of 79,200 miles per year.  PHMSA 
estimates that 900 locomotives will be equipped, and that unit trains will require three 
locomotives each, thus there will be 300 sets, operating a total of 23,760,000 miles per year.  If 
one set-out is avoided every 10,000 miles, these sets will avoid 2,376 set-outs a year, for an 
annual savings of $1,176,181 at full installation.  PHMSA also increased the estimated real cost 
each year after 2014 to account for increased real wages, which are estimated to grow at 1.18 
percent per year from the base year of 2015.97  There is no reason to believe that the labor hours 
required for setting out a car will decrease because of improved productivity.  As discussed 
above, PHMSA estimates one-third of full benefit in 2016, two-thirds of full benefit in 2017 and 
full benefit from 2018 onward. 
 
 
      Discounted Value 
  Wage 

Inflator 
  Discount Factor 

Year Benefit 7% 3%
2015 101.18% 0 $0 $0
2016 102.37% $401,367 $350,570 $378,327
2017 103.58% $812,207 $663,003 $743,285
2018 104.80% $1,232,687 $940,411 $1,095,226
2019 106.04% $1,247,232 $889,259 $1,075,874
2020 107.29% $1,261,950 $840,890 $1,056,863
2021 108.56% $1,276,841 $795,152 $1,038,188
2022 109.84% $1,291,907 $751,902 $1,019,844
2023 111.14% $1,307,152 $711,004 $1,001,823
2024 112.45% $1,322,576 $672,331 $984,121
2025 113.77% $1,338,183 $635,761 $966,732

                                                 
97 These wages were adjusted in accordance with the "Guidance on Treatment of the Economic Value of a 
Statistical Life in U.S. Department of Transportation Analyses." http://www.dot.gov/regulations/economic‐values‐
used‐in‐analysis. 
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2026 115.12% $1,353,973 $601,180 $949,650
2027 116.47% $1,369,950 $568,481 $932,869
2028 117.85% $1,386,116 $537,560 $916,386
2029 119.24% $1,402,472 $508,320 $900,193
2030 120.65% $1,419,021 $480,672 $884,287
2031 122.07% $1,435,765 $454,527 $868,662
2032 123.51% $1,452,707 $429,804 $853,313
2033 124.97% $1,469,849 $406,426 $838,235
2034 126.44% $1,487,194 $384,319 $823,423

Total     $11,621,571 $17,327,300
 
 
The total discounted value of this benefit is $11,621,571 at 7 percent and $17,327,300 at 3 
percent. 
 
Single Car Air Brake Test (SCABT) Relief 
 
The item shown as “Single Brake Test” in the table below was described in the 2008 analysis: 
 

The [2008] rule also modifies periodic maintenance requirements, including 
certain SCABTs, in order to tailor the requirements more specifically for ECP 
brake systems.  Due to the ECP brake system’s ability to continuously monitor the 
condition of a car’s air brakes, FRA believes that less frequent SCABTs are 
justified on ECP brake equipment.  Railroads may retrofit ECP brake systems on 
existing cars equipped with conventional pneumatic brake systems.  Accordingly, 
the performance of a SCABT is required prior to returning the car to revenue 
service after the application of the ECP brake system.  This is already required 
when installing a new brake system, thus the cost of this test is not avoided with 
ECP brake systems.  However, the self-monitoring capabilities of ECP brake 
systems may extend the time period to perform SCABTs.  This would reduce the 
number of single car tests that must be performed on cars equipped with ECP 
brakes.  Freight cars with conventional brakes receive a SCABT every time they 
are on the repair track if they haven’t received one within the past 12 months.  It 
has been estimated by the AAR that more than 99 percent of cars are on a repair 
track every 2 years.  FRA estimates the benefits of SCABT avoidance once at the 
beginning of a five year period coinciding with the ECP brake installation rate, 
and once every 5 years thereafter.  This estimate is conservative, and it is possible 
that these cars may avoid up to 2.5 SCABTs every 5-year period.  Because this 
estimate is so conservative, this benefit is taken at the beginning of the 5-year 
period.  The cost of the SCABT is either $89.22 for a manual test or $100.85 for 
an instrument test.  FRA used the average value of these two tests, $95.04, to 
calculate this benefit. 

 
The exception for ECP-equipped cars to avoid SCABTs when they are on a shop or repair track 
does not apply to dual mode ECP brake systems under 49 CFR §232.611(f).  Dual mode systems 
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can operate either in a conventionally equipped train with standard air brakes or in an ECP 
equipped train.   PHMSA believes all affected tank cars will be equipped with dual mode 
systems, not standalone systems, because the railroads will need the flexibility to haul the cars in 
trains not equipped with ECP, whether moving them for repairs, or hauling commodities in a 
train not equipped with ECP brakes, perhaps because a short haul is involved, or the car has been 
shifted into service carrying a commodity not affected by the proposed rule. Thus, there is no 
benefit estimated for this provision.  
 
Class I and Class IA Brake Test Relief 
 
The 2008 analysis described the benefits of relief from “Class I and Class IA Brake Tests” 
requirements: 
 

The rule allows ECP brake-equipped trains to travel to their destination, not to 
exceed 3,500 miles.  Extended haul and other trains are currently limited to 1,500 
miles and 1,000 miles, respectively, between brake inspections.  Thus, the rule 
will eliminate, conservatively, at least one Class I brake test or two Class IA brake 
tests on a long distance train equipped with ECP brakes, depending on current 
operations.  The long-haul, unit, and unit-like trains are assumed to convert to 
ECP brake systems.  Trains with conventional brakes that meet FRA’s extended 
haul requirements are given 1,500 miles between intermediate terminal brake 
inspections.  These requirements limit the number of times an extended haul train 
on extended haul can pick up or set out cars en route, and impose additional 
recordkeeping.  Many long-haul unit trains are extended haul trains.  FRA 
estimates that there are 40,000 extended haul trains that operate each year. 
 
The single largest cost savings in the brake inspection category is expected to be 
the elimination of the 1,000-mile intermediate terminal brake test (Class IA test) 
for trains operating in the ECP brake mode.  Under current regulations, 
conventionally-braked trains are required to stop at a terminal for inspection every 
1,000 miles, where the brakes on each car are inspected to determine whether they 
are fully functioning.   
 
With ECP brake systems, there is constant wire-based monitoring of the brake 
condition on all cars and hence a reduced need to stop and physically inspect the 
brakes every 1,000 miles after initial terminal departure.  More than 10 years ago, 
the AAR calculated the cost of the intermediate brake test (Class IA) to be $450 
per train, including both the direct cost of the inspection and delay costs of setting 
out or repairing defective equipment when identified.  To reflect current costs as 
confirmed in the Booz Allen Hamilton98 report, FRA assumes that this cost is at 
least 10 percent greater 10 years later, or $500 per train.   The Class I test is 
substantially more involved than the Class IA test and is estimated to cost $1,000 
per train.  Trains operating under the extended haul provisions, estimated at 

                                                 
98 FRA commissioned a report by Booz Allen Hamilton (BAH) to describe a path to ECP brake implementation.  A 
copy of this report has been placed in the public docket to this rulemaking at Docket Number FRA-2006-26175 
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40,000 trains each year, must receive a Class I test at the beginning of the 
extended haul segment and a Class I test at the end of the Class I segment if the 
train goes further than 1,500 miles.  Thus, a train that travels more than 1,500 
miles and uses the extended haul provision would receive two Class I tests 
($2,000).  With ECP brakes, the same train would only receive a Class I test at 
initial terminal, which would permit it to travel to 3,500 miles, or to its 
destination.  A cycle train is a train that operates in a continuous loop(s), without 
a specific destination, that requires a Class IA test at a location not to exceed 
1,000 miles.  Every 3,000 miles, a cycle train must receive a Class I test.  Many 
cycle trains are used in coal service, which will implement ECP brakes.  With 
ECP brakes, the Class I test is still required, but two Class I A tests are 
eliminated.  There are approximately 14,000 cycle trains that operate each year 
that are estimated to receive relief from two Class IA brake tests ($1,000). 
 
Using the AAR Fact Book, the Freight Commodity Statistics, waybill data, and 
information provided by one Class I carrier, FRA estimates that approximately 
178,071 trains travel more than 1,000 miles to destination and 88,045 (including 
the 40,000 extended haul trains) travel more than 1,500 miles to destination each 
year.  Of these trains, approximately 25 percent operate over 2,000 miles and thus 
will receive relief from two Class IA brakes tests (2 X $500 = $1,000).  Since 
extended haul trains are not required to have any Class IA brake tests they would 
not benefit from this relief. 

 
As described above, PHMSA assumes that ECP equipped trains will travel 23,760,000 miles per 
year.  PHMSA assumes that ECP equipped trains will function as cycle trains, running as a unit, 
at least from the point at which the trains are assembled, and often on a longer term basis from 
the point at which they are loaded, to the destination, typically a refinery, and back to the original 
assembly point or loading facility.  PHMSA further assumes that each train will avoid 2 Class IA 
brake tests every three thousand miles, or 15,840 brake tests per year.  The value per brake test, 
$500 is updated to 2014 values using the same multiplier for labor costs, 1.2376, yielding a 
savings per test of $618.78.  Because this estimate is based on data from 1998 that is updated 
only to account for inflation (as measured by wage growth since this primarily a labor function, 
and there is no reason to assume that the hours of labor required to perform a brake test will be 
reduced by increased productivity), PHMSA seeks comment on this. Avoiding 15,840 tests per 
year will save $9,801,505.  Savings will accrue at one-third of full value in 2016, two-thirds of 
full value in 2017 and full value starting in 2018.. This number largely represents wage costs, 
and is increased by a real factor of 1.18 percent per year past 2014.  PHMSA estimates one-third 
of full benefit in 2016, two-thirds of full benefit in 2017 and full benefit from 2018 onward. 
 
 
      Discounted Value 
  Wage 

Inflator 
  Discount Factor 

Year Benefit 7% 3%
2015 101.18%                 -    $0 $0
2016 102.37% $3,344,728 $2,921,415 $3,152,727
2017 103.58% $6,768,393 $5,525,024 $6,194,038
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2018 104.80% $10,272,389 $7,836,757 $9,126,885
2019 106.04% $10,393,604 $7,410,496 $8,965,614
2020 107.29% $10,516,248 $7,007,420 $8,807,192
2021 108.56% $10,640,340 $6,626,269 $8,651,570
2022 109.84% $10,765,896 $6,265,849 $8,498,698
2023 111.14% $10,892,933 $5,925,034 $8,348,526
2024 112.45% $11,021,470 $5,602,756 $8,201,009
2025 113.77% $11,151,523 $5,298,008 $8,056,098
2026 115.12% $11,283,111 $5,009,836 $7,913,747
2027 116.47% $11,416,252 $4,737,339 $7,773,912
2028 117.85% $11,550,964 $4,479,663 $7,636,548
2029 119.24% $11,687,265 $4,236,003 $7,501,611
2030 120.65% $11,825,175 $4,005,596 $7,369,058
2031 122.07% $11,964,712 $3,787,721 $7,238,847
2032 123.51% $12,105,896 $3,581,698 $7,110,938
2033 124.97% $12,248,745 $3,386,880 $6,985,288
2034 126.44% $12,393,280 $3,202,659 $6,861,859

Total     $96,846,424 $144,394,164
 
Wheel Savings 
 
 “Wheel Savings” were described in the 2008 analysis: 
 

Wheels are but one component of a freight car that could provide maintenance 
savings under ECP brake operation.  Wheel damage is reduced due to more 
uniform braking and better train handling.  One of the ways in which ECP brakes 
contribute to a reduction in premature wheel wear is by lowering the average 
brake friction temperature on the wheels through more consistent braking.  
Excessive buildup of heat in the wheels is a major contributor to wheel failure.  
The industry expenditure on wheel replacements warrants singling them out as a 
significant benefit of conversion to ECP brake systems.  A recent study by the 
TTCI found that the rail freight industry spends 37 percent of its annual freight 
car repair cost of $1.5 billion on wheel replacements—representing $555 million.  
These data are for calendar year (CY) 2000, and the costs are undoubtedly higher 
now. Wheelsets need to be replaced because they are either worn out or damaged.  
Brake-related failures were found to reduce the life of wheelsets by more than 50 
percent. 
 
Per wheelset replacement costs are now at least $1,250 and could range as high as 
$1,500.  Using the lower end of this range ($1,250), the resulting 25 percent 
increase in per unit wheel replacement costs translates into a conservative 
estimate of $700 million in annual wheel repair expenditures, when applied to the 
CY 2000 data.  Assuming that ECP brakes would eliminate half of all brake-
related wheel defects, this would translate into $175 million annually for the 
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entire freight car fleet.  Heavy-haul, high-mileage cars would account for a 
disproportionately high share of these savings.    Using the same adjustment of 61 
percent for ECP brake-related savings, the annual savings for the entire fleet of 
$175 million (.61) = $106,750,000.  The 20-year wheel savings discounted at 7 
percent equals $714,495,572.   

 
PHMSA assumes that wheel replacement cost in freight cars is proportional to their mileage.  
PHMSA uses locomotive numbers as a surrogate for share of total miles.  PHMSA estimates 
there will be 900 locomotives out of an industry wide fleet of 24,250 mainline locomotives, or 
3.71 percent.  If the industry wide cost of wheelset replacement was $555 million in year 2000, 
the cost for 3.71 percent of the fleet would be $20,412,371.  Since brake-related failures account 
for only half of wheelset life reduction, the addressable pool is $10,206,186.   Saving half of that 
would save $5,103,093 per year.  This number needs to be adjusted for labor costs because the 
cost of a wheelset replacement is primarily employee labor. The labor index for Q2 2000 was 
242.6, while the 2014 value was 388.1.  The ratio, used here as a multiplier, is 1.598.  Taking the 
value for the 900 locomotives, $5,103,093 per year, and multiplying it by 1.598, yields an annual 
expected value of $8,156,962 at full performance, expected in 2018.  Although these values are 
largely labor costs, unlike other costs, PHMSA believes that shop labor costs subject to real 
wage growth are also subject to offsetting increases in productivity, so they are not multiplied by 
an annual real wage growth factor.  PHMSA estimates one-third of full benefit in 2016, two-
thirds of full benefit in 2017 and full benefit from 2018 onward. 
 
 
    Discounted Value 
    Discount Factor 
Year Benefit 7% 3%

2015 0 $0 $0
2016 $2,718,987 $2,374,869 $2,562,906
2017 $5,437,974 $4,439,007 $4,976,517
2018 $8,156,962 $6,222,907 $7,247,355
2019 $8,156,962 $5,815,801 $7,036,267
2020 $8,156,962 $5,435,328 $6,831,327
2021 $8,156,962 $5,079,746 $6,632,356
2022 $8,156,962 $4,747,426 $6,439,181
2023 $8,156,962 $4,436,847 $6,251,632
2024 $8,156,962 $4,146,586 $6,069,546
2025 $8,156,962 $3,875,314 $5,892,763
2026 $8,156,962 $3,621,789 $5,721,129
2027 $8,156,962 $3,384,849 $5,554,494
2028 $8,156,962 $3,163,410 $5,392,713
2029 $8,156,962 $2,956,458 $5,235,643
2030 $8,156,962 $2,763,045 $5,083,149
2031 $8,156,962 $2,582,285 $4,935,096
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2032 $8,156,962 $2,413,351 $4,791,355
2033 $8,156,962 $2,255,468 $4,651,801
2034 $8,156,962 $2,107,914 $4,516,312

Total   $71,822,399 $105,821,542
 
Fuel Savings 
 
In the 2008 analysis, fuel savings were calculated as a proportion of fuel used.  This remains a 
reasonable assumption today, because even though locomotives use fewer gallons per ton-mile, 
braking still improves fuel efficiency by 5 percent99; therefore, improved braking still improves 
fuel efficiency by 5 percent of the new fuel consumption rate.  A simple way to account for both 
factors at one time is to estimate the total expenditure on fuel, and then calculate the fuel savings 
assuming that ECP brakes will continue to save the same percentage of fuel.  Class I railroads 
spent $3,202,554,000 on fuel in Q2 2014, or an annual rate of $12,810,216.  PHMSA estimates 
that 900 locomotives will be affected of out of a potential fleet of 24,250, and PHMSA assumes 
that these locomotives use fuel in proportion to their share of the total locomotive fleet.  Thus the 
fuel expenditure total is multiplied by 900/24,250.  The estimated quarterly fuel use of the 900 
locomotives, is $475,430,697.  The savings from ECP Brakes would be 5 percent of 
$475,430,697, or $5,942,884 per quarter, or $23,771,535 per year. This savings might be greater 
if the added weight of the enhanced tank cars causes more fuel use, but PHMSA is not certain 
that fuel use will increase, because aerodynamic effects may offset increases in weight.  
Therefore, the measure of ECP induced fuel savings does not take into account the impacts of 
increased weight, which assumption, when used to estimate business benefits, is a conservative 
assumption. This savings is not adjusted for any changes in real wages, and accrues at full value 
beginning in year 2020.  PHMSA estimates one-third of full benefit in 2016, two-thirds of full 
benefit in 2017 and full benefit from 2018 onward. 
 
 
    Discounted Value 
    Discount Factor 
Year Benefit 7% 3%

2015 0 $0 $0
2016 $7,923,845 $6,920,993 $7,468,984
2017 $15,847,690 $12,936,436 $14,502,881
2018 $23,771,535 $18,135,190 $21,120,701
2019 $23,771,535 $16,948,776 $20,505,535
2020 $23,771,535 $15,839,977 $19,908,286
2021 $23,771,535 $14,803,717 $19,328,433
2022 $23,771,535 $13,835,250 $18,765,469
2023 $23,771,535 $12,930,140 $18,218,902

                                                 
99 ‘Benefit-Cost Analysis and Implementation Plan for Electronically Controlled Pneumatic Braking Technology in  
the Railroad Industry,’ Booz Allen Hamilton, August 2006, p. III-2. 
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2024 $23,771,535 $12,084,243 $17,688,254
2025 $23,771,535 $11,293,685 $17,173,063
2026 $23,771,535 $10,554,846 $16,672,876
2027 $23,771,535 $9,864,342 $16,187,259
2028 $23,771,535 $9,219,011 $15,715,785
2029 $23,771,535 $8,615,898 $15,258,044
2030 $23,771,535 $8,052,241 $14,813,635
2031 $23,771,535 $7,525,459 $14,382,170
2032 $23,771,535 $7,033,139 $13,963,271
2033 $23,771,535 $6,573,027 $13,556,574
2034 $23,771,535 $6,143,016 $13,161,722

Total   $209,309,387 $308,391,844
 
Total ECP business benefits 
 
PHMSA totaled all the discounted benefits in the table below: 
 
 
  Discounted Value 
  Discount Factor 
Benefit 7% 3%
Set Out Relief $11,621,571 $17,327,300
Class IA brake 
test $96,846,424 $144,394,164
Wheel Savings $71,822,399 $105,821,542
Fuel Savings $209,309,387 $308,391,844
Total $389,599,781 $575,934,850

 
 
The table below presents total estimated benefits and costs for ECP braking, including both 
safety benefits and business benefits as a stand-alone provision. The reader is reminded that the 
Option 1 tank car benefits also include a portion of the ECP benefits, so adding the figures in this 
section to the benefits of that section would amount to double counting a portion of the ECP 
benefits. 
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PHMSA seeks comments on the benefits estimated in this section. 
 

 

Requirement	Area	5–	Classification	of	Mined	Liquids	and	
Gases	

Proposed	Action	for	Classification	of	Mined	Liquids	and	Gases	
 
Any improper classification of crude oil and subsequent shipment in an unauthorized tank car 
diminishes industry efforts to improve the safety of transporting hazardous materials, and 
violates the requirements of the HMR.  The proper classification of a hazardous material is a key 
requirement under the HMR, as it dictates exactly which other requirements apply, such as 
specific operational controls and proper packaging selection.  Classification is simply ensuring 
that the proper hazard class and packing group (if applicable) have been assigned to a particular 
material.  Characterization is a complete description of the properties of the material during the 
transportation cycle.  Characterization includes the identification of the effects that a material has 
on both the reliability and safety of the packaging. Proper classification and characterization is 
especially important when dealing with a material such as mined liquids and gases, including 
crude oil, as these materials are variable.  The characterization of crude oil may vary greatly 
depending on time, temperature, and the methods used to extract and process the material.  In 
contrast, the classification and characterization of manufactured products is generally well 
understood and consistent.   
  
Improper classification and characterization can also affect operational requirements under the 
HMR.  Offerors and carriers must ensure that outage is considered when loading a tank car.  
Section 173.24b(a) of the HMR sets the minimum tank car outage for hazardous materials at one 
percent at a reference temperature that is based on the existence of tank car insulation.  A crude 
oil offeror must know the specific gravity of the hazardous material at the reference temperature 
as well as the temperature and specific gravity of the material at that temperature when loaded.  
This information is then used to calculate the total quantity that can be safely loaded into the car 
to comply with the one percent outage requirement.  If the outage is not properly calculated 
because the material's specific gravity is unknown (or is provided only as a range), the tank car 
could be loaded such that if the temperature increases during transportation, the tank will become 
shell-full, increasing the likelihood of a leak from the valve fittings or manway. 

Baseline - 0 High 
Consequence Events

10 High Consequence 
Events*

Benefits (Safety + ECP Business) $737,319,993 $1,758,551,715

Costs $500,189,377 $500,189,377
Net Benefits $237,130,616 $1,258,362,339

20 Year Benefits, Costs and Net Benefits for Stand Alone ECP Braking Requirements, 7 % 
Discount Rate

* 1 event of the 10 assumed to be 5x the average high consequence event in magnitude
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The proposed sampling and testing program is intended to ensure that:  
 
(1) the proper regulatory requirements are applied to each shipment to minimize the risk of 
incident;  
(2) first responders have accurate information in the event of a train accident; and  
(3) the characteristics of the material are known and fully considered so that offerors and carriers 
are aware of and mitigate and potential threats to integrity of rail tank cars.   

   
Determination	of	Need	
 
Under § 173.22 of the HMR, it is the offeror's responsibility to properly “class and describe the 
hazardous material in accordance with parts 172 and 173 of the HMR.”  A hazardous material 
must be classified in accordance with the appropriate hazard class definitions included in Part 
173 of the HMR.  Once an offeror has determined the hazard class of the material, the offeror 
must select the most appropriate shipping name from the § 172.101 Hazardous Materials Table 
(HMT).   
  
Relevant properties to properly classify mined liquids and gases include, but are not limited to 
the following:  flash point; boiling point; corrosivity; specific gravity at loading; reference 
temperatures; and the presence and concentration of specific compounds such as sulfur.  This 
information enables an offeror to properly classify a hazardous material, select the most 
appropriate shipping description, and the proper HMR-authorized packaging for transportation of 
that hazardous material.  Proper classification and characterization is especially important when 
dealing with a material such as mined liquids and gases, including crude oil, as these materials’ 
properties are variable.  Such information and determination of the authorized packaging also 
ensures that the required tank car outage, or unfilled capacity, can be maintained in accordance 
with § 173.24(b). 
  
Crude oil transported by rail is often derived from different sources and is then blended, 
complicating proper classification and characterization of the material.  PHMSA and FRA audits 
of crude oil loading facilities indicate that the classification of crude oil being transported by rail 
is often based solely on a generic Safety Data Sheet (SDS).  The data on these sheets only 
provides a material classification and a range of material properties.  This SDS information is 
typically provided by the consignee (the person to whom the shipment is to be delivered) to the 
offeror.  In these instances, it is possible that there has been no validation of the crude oil 
properties.  Further, FRA's audits indicate that SDS information is often not assembled from any 
recently conducted tests or from testing for the many different sources (wells) of the crude oil.   
 
In the rail environment, it is critical that the existence and concentration of specific elements or 
compounds be identified, along with the corrosivity of the materials to the tank cars and service 
equipment.  Proper identification of these elements will enable a shipper to ensure the reliability 
of the tank car.  Proper identification also enables a shipper to determine if there is a need for an 
interior coating or lining, alternative materials of construction for valves and fittings, and 
performance requirements for fluid sealing elements, such as gaskets and o-rings.   
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In addition, recommendation R-14-6, issued by the NTSB, recognized the importance of 
sufficient testing and documentation of the physical and chemical characteristics of hazardous 
materials to ensure the proper classification, packaging, and record-keeping of products offered 
in transportation.  Correct classification decisions are essential for the selection of proper 
equipment (tank, service equipment, interior lining or coating) and use, or maintenance and 
qualification of the equipment.  The statement on a shipping paper is the offeror’s certification 
that a hazardous material, is properly classified, described, packaged, marked and labeled, and in 
proper condition for transportation according to the applicable regulations of DOT.  Packaging 
decisions are based on the information provided by the offeror.  Incorrect classification and 
characterization of hazardous material may lead to failures throughout the transportation system.   
 

Alternatives	for	Classification	of	Mined	Liquids	and	Gases	
 

Alternative	1:	No	Action	Alternative–	Status	Quo	
 

The industry would continue the status quo and sample the material based on the existing 
classification and characterization methods.  Rail derailment and accidents involving crude oil 
shipments that have been improperly classified may create potential risks for emergency 
responders.  

Alternative	2:	Require	sampling	and	testing	program	
 
Under this alternative, PHMSA would require a documented sampling and testing plan for 
shippers of mined gases and liquids in commerce. This plan would enable PHMSA and shippers 
of this commodity to more easily ascertain the specific classification and characteristics of the 
commodity and help to minimize potential risks when responding to a derailment and accident. 
In Recommendation R-14-6 the NTSB recognized the importance of sufficient testing and 
documentation of the physical and chemical characteristics of hazardous materials. The testing 
and sampling plan is required to address the following areas: 
  

o Frequency of sampling and testing to account for variability of the material, 
including the time, temperature, means of extraction (including any use of a 
chemical), and location of extraction; 

o Sampling at various points along the supply chain to understand the variability of 
the material during transportation; 

o Sampling methods that ensure a representative sample of the entire mixture, as 
packaged, is collected; 

o Testing methods to enable complete analysis, classification, and characterization 
of the material under the HMR; 

o Statistical justification for sample frequencies; 
o Duplicate samples for quality assurance purposes; and 
o Criteria for modifying the sampling and testing program. 

 
Proposed § 173.41(c) would require that the sampling and testing program be documented in 
writing and retained for as long as it remains in effect. The proposed requirement specifies that 
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the sampling and testing program must be reviewed annually, at a minimum, and revised and/or 
updated as necessary to reflect changing circumstances.  
 
Proposed § 173.41(d) would mandate that each person required to develop and implement a 
sampling and testing program must maintain a copy of the sampling and testing program 
documentation (or an electronic file thereof) that is accessible at, or through, its principal place 
of business and must make the documentation available upon request, at a reasonable time and 
location, to an authorized official of DOT.  

 
Costs	 

First	Year	‐	Development	and	Implementation	
 
The costs are attributed to the time cost of developing then implementing the sampling plan.  
Costs associated with additional equipment for sampling or testing or changes in shipping 
behavior or equipment (such as increased use of lined tank cars) are not estimated.  Since 
sampling and testing of this material are already required to properly classify these materials, 
PHMSA assumes that shippers already have sampling methods and testing protocols in place and 
are compiling and organizing the testing results in some form. Therefore, PHMSA attributes low 
costs to the development of a testing and sampling plan. The proposed rule would require that a 
report compiling sampling and testing procedures and tracking testing results be produced and 
updated as necessary. The time necessary to document a sampling and testing program report is 
estimated at 40 hours per shipper. PHMSA estimated 10 hours per shipper to annually update a 
sampling and testing program. If an average of 250,000 crude oil carloads are tested annually, 
this amounts to 4 minutes of burden time per carload tested.  PHMSA further outlines this 
calculated burden, and is seeking comments on these estimates, and the assumptions below, in 
both this section and in the “Paperwork Reduction Act” section of the Preamble. 
 
PHMSA assumes a Chemical Engineer is the labor category most appropriate to describe 
sampling methodologies, testing protocols, and present test results.  The median mean hourly 
wage for a Chemical Engineer is $46.02.100 To calculate the hourly wage rates for every year of 
the analysis PHMSA takes into consideration the 1.18 percent annual growth rate in median real 
wages. 101 Inflating the 2013 wage by 1.18 percent gives us a 2014 wage of $46.56.  We then 
inflate this wage by 60 percent to account for fringe benefits and overhead of $27.94 per hour, 
for a total weighted hourly wage of $74.50 in 2014. Following the same series of calculations 
(and holding fringe benefits constant at $27.94), the total weighted hourly wage in 2015, the first 
year of the analysis, is estimated at $75.05. We request comment on the most appropriate labor 
category to use in this analysis. PHMSA estimates there are 1,538 entities that offer mined gases 
and liquids for transportation to which sampling and testing requirement could apply.  We 
request comment on the most appropriate labor category to use in this analysis. PHMSA 

                                                 
100 

BLS May 2013 National Occupational Employment and Wage Estimates, available online at 
http://www.bls.gov/oes/current/oes_nat.htm#17‐0000. 
101 Based on real wage growth forecasts from the Congressional Budget Office, DOT's guidance estimates that 
there will be an expected 1.18 percent annual growth rate in median real wages over the next 30 years (2013‐
2043).  The wage rate in 2014 is calculated as follows:  $46.02*1.0118 +$46.02*1.0118*0.6 = $74.50. 
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estimates there are 1,538 entities that offer mined gases and liquids for transportation to which 
sampling and testing requirement could apply.102 
 
PHMSA assumes that there are 1,538 offerors of mined liquids and gases and 40 hours for 
development and implementation of the sampling and testing program. Thus, for offerors subject 
to the sampling and testing program, PHMSA  estimate the costs to develop and implement a 
sampling and testing program will be $4,617,000 (1,538 offerors x 40 hours/entity x 
$75.05/hour). 
  
Subsequent Year – Update 
 
This NPRM requires companies that offer mined liquids and gases for transportation to update 
their sampling and testing program as necessary to account for changing circumstances.  
PHMSA assumes that companies will review and update their sampling and testing programs 
once a year.  PHMSA estimates the costs to update a sampling and testing would be on average 
$1,246,158 per year.103   
 
Table CL1: Costs to Develop, Implement and Update Sampling and Testing Program 
	

	
	
PHMSA is seeking additional comments on the number of offerors impacted by this proposed 
requirement and the assumption regarding the labor category and estimated time used to quantify 
the costs with documenting a sampling and testing program report. 
	
Benefits	 
 
The proposed sampling and testing program is intended to minimize the risk of incident by 
ensuring the proper regulatory requirements are applied to each shipment and mitigate the 
potential threats to the integrity of the rail tank cars when the offerors and carriers know and 
fully consider the characteristics of the material. Proper classification and characterization is 
                                                 
102

 Source: PHMSA Hazmat Intelligence Portal (HIP) based on NACIS Codes for 211111 – Crude Petroleum and 
Natural Gas Extraction; 211112 – Natural Gas Liquid Extraction; and 424710 – Petroleum Bulk Stations and 
Terminals.  The data are for active PHMSA registrations. 
103 

$1.25 million =  1,538 entities x 10 hours/company x $81.02/hour (average hourly rate  calculated for the 
subsequent years of the analysis (years 2‐20) is based on the expected 1.18 percent annual growth rate in median 
real wages as mentioned above). 
 

Initial Year cost $4,617,000
Later year cost (average 
over years 2-20) $1,246,158
20 Year total, undiscounted $28,294,000
7 Percent discount rate $16,169,983
3 percent discount rate $21,694,965

Sampling and Testing Plan
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especially important when dealing with a material such as unrefined mined liquids and gases, 
including crude oil, as these materials’ properties are variable.  Such information and 
determination of the authorized packaging also ensures that the required tank car outage, or 
unfilled capacity, can be maintained in accordance with § 173.24b(a). 
 
In calculating the benefits for the proposed change, we focused on crude oil, as we assume the 
vast majority of mined liquids and gases transported by highway and rail is crude oil.  Further, 
any mined gases moving by highway or rail are required to be transported in more robust 
packaging than for liquids, such as crude oil.  Further, crude oil accounted for most non-accident 
releases (NARs) by commodity in 2012, nearly doubling the next highest commodity (alcohols 
not otherwise specified, which accounts for a comparable annual volume transported by rail).  
FRA's data indicates that 98 percent of the NARs involved loaded tank cars.  Also, less than 2 
percent of the NARs occurred at the bottom outlet valve.  Product releases through the top valves 
and fittings of tank cars when the hazardous material expands during transportation suggest that 
loading facilities may not know the specific gravity of the hazardous materials loaded into 
railroad tank cars, resulting in a lack of sufficient outage.  We anticipate some reduction in 
NARs as a result of improved testing and characterization but did not include this reduction.  
 
FRA's review of the one-time movement approval (OTMA) data indicates an increasing number 
of derailment and accidents involving damage to tank cars in crude oil service in the form of 
severe corrosion of the internal surface of the tank, man way covers, and valves and fittings.  A 
possible cause is contamination of the crude oil by materials used in the fracturing process that 
are corrosive to the tank car and service equipment.   
 
Therefore, when crude oil is loaded into tank cars, it is critical that that the existence and 
concentration of specific elements or compounds be identified, along with the corrosivity of the 
materials to the tank cars and service equipment.  Proper identification of these elements will 
enable a shipper to ensure the reliability of the tank car.  Proper identification also enables a 
shipper to determine if there is a need for an interior coating or lining, alternative materials of 
construction for valves and fittings, and performance requirements for fluid sealing elements, 
such as gaskets and o-rings.  Thus, by having proper characterization of these materials PHMSA 
expects the maintenance time for the tank cars to be reduced. 
 
DOT assumes that the sampling and testing program would affect all projected lower 
consequence damages associated with crude oil incidents. DOT has not limited this estimate to 
accidents that would have been prevented through appropriate classification and packaging of 
materials.  PHMSA expects the proposed requirements would reduce the expected lower-
consequence damages.  PHMSA conducted a break-even analysis to determine the effectiveness 
rates for which the proposed sampling and testing requirement would be beneficial to society.   
Lower-consequence event estimated damages for with the sampling and testing requirement over 
the next 20 years for a total of $2.58 billion as seen in the table below:  
Table CL2: Total Estimated Damages Over 20-Years 
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Year Crude Carloads Ethanol Carloads Total carloads

Ratio of crude oil 
carloads to total 

carloads

Total Lower 
Consequence 

Damages

Total Lower 
Consequence 

Damages - 
Sampling and 

Testing

1 532,688 365,812 898,500 0.59 $324,766,789 $192,542,355
2 549,804 374,903 924,707 0.59 $318,884,170 $189,599,313
3 555,733 382,075 937,808 0.59 $308,663,025 $182,909,810
4 559,056 390,378 949,434 0.59 $298,295,776 $175,645,754
5 563,940 398,530 962,470 0.59 $288,643,480 $169,124,830
6 568,388 403,217 971,605 0.58 $281,434,410 $164,638,939
7 568,285 400,910 969,195 0.59 $270,809,946 $158,788,769
8 565,260 400,697 965,957 0.59 $260,009,356 $152,152,607
9 560,159 395,888 956,047 0.59 $247,544,695 $145,039,306

10 554,524 394,450 948,974 0.58 $235,986,002 $137,896,158
11 545,536 388,694 934,230 0.58 $222,740,573 $130,067,493
12 526,357 383,316 909,673 0.58 $207,555,533 $120,096,306
13 510,467 382,452 892,919 0.57 $194,572,178 $111,233,678
14 494,066 379,208 873,274 0.57 $181,329,509 $102,589,452
15 476,727 375,254 851,981 0.56 $168,161,828 $94,095,206
16 458,135 371,636 829,771 0.55 $155,257,392 $85,721,026
17 441,518 368,510 810,028 0.55 $143,242,575 $78,076,494
18 424,252 365,778 790,030 0.54 $131,588,225 $70,663,830
19 408,944 363,286 772,230 0.53 $120,685,763 $63,910,615
20 394,318 361,295 755,613 0.52 $110,319,319 $57,570,307

Total $4,470,490,543 $2,582,362,250
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Table CL3: Prevented Damages at the Break Even Point  

 
 
 
To break even, the sampling and testing plan must achieve an effectiveness rate of 0.758% and 
0.793% to be beneficial at 3% respectively 7% discount rates.  While it would be ideal to 
consider damages that specifically resulted from improper classification, such information has 
not been developed.  PHMSA believes that this provision will reduce the risk of release of these 
materials to the environment.  As a result, we expect the sampling and testing plan to result in net 
benefits.   
 

PHMSA also request comments on the following questions. The most helpful comments 
reference a specific portion of the proposal, explain the reason for any recommended change, 
include supporting data, and explain the source, methodology, and key assumptions of the 
supporting data. 
 

1.) To what extent are offerors of mined liquids and gases already in possession of a 

Year

Total Lower 
Consequence 

Benefits - 
Sampling and 
Testing - 3% 
discounted

Total Lower 
Consequence 

Benefits - 
Sampling and 
Testing - 7% 
discounted

2015 $1,416,962 $1,426,973
2016 $1,375,691 $1,333,619
2017 $1,335,623 $1,246,373
2018 $1,296,721 $1,164,835
2019 $1,258,953 $1,088,631
2020 $1,222,284 $1,017,412
2021 $1,186,684 $950,852
2022 $1,152,120 $888,647
2023 $1,118,563 $830,511
2024 $1,085,984 $776,179
2025 $1,054,353 $725,401
2026 $1,023,644 $677,944
2027 $993,829 $633,593
2028 $964,882 $592,143
2029 $936,779 $553,405
2030 $909,494 $517,201
2031 $883,004 $483,365
2032 $857,285 $451,743
2033 $832,316 $422,190
2034 $808,074 $394,570

Total $21,713,244 $16,175,586
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sampling and testing program? 
2.) To what extent is there a lack of compliance with HMR characterization and testing 

requirements, and to what extent does compliance vary between mined liquids and gases? 
3.) What are potential costs and benefits of the sampling and testing program not accounted 

for in this analysis? 
4.) What data exists on the extent to which improper classification contributed to a rail 

derailment or accident? 
5.) How could PHMSA provide flexibility and relax the sampling and testing requirements 

for offerors who voluntarily use the safest packaging and equipment replacement 
standards? 

6.) What characteristics (e.g. vapor pressure specific gravity, dissolved gas content, 
concentration of specific compounds such as sulfur) should an offeror test for that would 
impact the integrity of the tank car? 

Requirement	Area	6	–	Notification	to	SERCs		
	

Notification	to	State	Emergency	Response	Commissions	of	Petroleum	Crude	Oil	Train	
Transportation	

On May 7, 2014, the United States Department of Transportation (DOT; Department) issued an 
Emergency Restriction/Prohibition Order (EO) pursuant to 49 U.S.C. 5121(d).104  This EO was 
issued to all rail carriers that transport in a single train in commerce within the United States, 
1,000,000 gallons or more of UN 1267, Petroleum crude oil, Class 3, sourced from the Bakken 
shale formation in the Williston Basin (Bakken crude oil).  By this EO, DOT required that each 
rail carrier provide the State Emergency Response Commission (SERC) for each state in which it 
operates trains transporting 1,000,000 gallons or more of Bakken crude oil, notification 
regarding the expected movement of such trains through the counties in the state.  The 
notification should identify each county or a particular state or commonwealth’s equivalent 
jurisdiction (e.g., Louisiana parishes, Alaska boroughs, Virginia independent cities), in the state 
through which the trains will operate. 

PHMSA proposes to codify the requirements of the May 7, 2014 EO into the HMR. Specifically 
PHMSA would require notifications from rail carriers that transport in a single train in commerce 
within the United States, 1,000,000 gallons or more of UN 1267, Petroleum crude oil, Class 3, in 
packing groups I and II sourced from the Bakken shale formation in the Williston Basin (Bakken 
crude oil).   

PHMSA would require rail carriers to notify the SERCs in writing for each state in which the rail 
carrier operates trains transporting 1,000,000 gallons or more of crude oil.  The contact 
information for each SERC is located on the U.S. Environmental Protection Agency’s (EPA) 
website related to the Emergency Planning and Community Right-to-Know Act of 1986 

                                                 
104 A copy of this Emergency order may be obtained from PHMSA’s Operation Safe Delivery website: 
http://www.phmsa.dot.gov/hazmat/osd/calltoaction. 
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(ECPRA). The notification must provide information regarding the estimated volumes and 
frequencies of train traffic implicated.   

Specifically, the notification must:   

 Provide a reasonable estimate of the number of trains implicated by this Order 
that are expected to travel, per week, through each county within the state;  

 Identify and describe the petroleum crude oil expected to be transported in 
accordance with 49 CFR part 172, subpart C;  

 Provide all applicable emergency response information required by 49 CFR part 
172, subpart G; and,  

 Identify the routes over which the material will be transported.   

This notification also must identify at least one point of contact at the railroad (including name, 
title, phone number and address) responsible for serving as the point of contact for SERCs and 
relevant emergency responders related to the rail carrier’s transportation of crude oil.  To ensure 
that the information provided to a SERC remains reliable, rail carriers shall update notifications 
prior to making any material changes in the estimated volumes or frequencies of trains traveling 
through a county.  Rail carriers must assist the SERCs as necessary to aid in the dissemination of 
the information to the appropriate emergency responders in affected counties.  Copies of rail 
carrier notifications to SERCs must be made available to the DOT’s Federal Railroad 
Administration (FRA) upon request.  This would not preclude rail carriers from taking any 
additional steps to communicate with state and local emergency responders regarding the 
transportation of hazardous materials or any other commodities within a state or local 
jurisdiction.   

PHMSA estimates there are essentially no new costs associated with this proposal, because rail 
carriers are already subject to the EO.  The collection of information associated with the 
Secretary’s Emergency Order Docket No. DOT-OST-2014-0067 was developed by the FRA and 
approved in OMB No. 2130-0604.  FRA and PHMSA have overlapping jurisdictions when it 
comes to rail hazardous materials shipments.  This information collection actually augments 
information that is collected by PHMSA under OMB No. 2137-0034.  However, due to the 
additional retention of documentation requirement, PHMSA is seeking comment on the clarity of 
the notification requirements, the paperwork burden, frequency of the notifications, access to the 
data, and any other issues associated with these requirements.   

 
 
 

Conclusions		
	

Comprehensive	Benefits	and	Costs	
 
 
Tank Car Standard and ECP Brakes 
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To this point in the analysis, costs and benefits of the various provisions of this proposal have 
been estimated on a stand-alone basis. The lone exceptions are the costs and benefits attributed to 
the Option 1 tank car standard and ECP brakes. If there were no overlap in either benefits or 
costs, total benefits and costs could be obtained by adding the costs of the various provisions 
together and adding benefits together to calculate totals for each. There is, however, some 
overlap, for both costs and benefits, between the effects of the tank car standard and the effects 
of ECP brakes. As noted above, the estimated costs of the Option 1 tank car includes the cost of 
outfitting tank cars with ECP braking equipment.  Those costs are also described in the braking 
section.  In addition, a portion of the benefits of ECP braking are presented in both sections, 
which creates some overlap on the benefits.  Finally, the benefit estimate for each individual 
provision is obtained by multiplying the effectiveness of the provision by the total societal 
damages expected from unit train derailments.  Because of this, adding the benefits for each 
provision to the benefits of other provisions results in some double counting of benefits.  
 
A stylized example may help illustrate this issue.  Consider a proposed rule that involves two 
provisions that are each expected to reduce expected damages by 30 percent.  If the total 
expected damages are $100 in the absence of the rule, each provision enacted on its own would 
be expected to generate $30 in benefits.  However, those provisions together would not generate 
$60 in benefits.  Instead, one provision should be applied first, generating $30 in benefits and 
leaving $70 in expected damages.  The second provision would generate benefits equal to 30 
percent of the $70 that remains of expected damages, or $21. Total benefits for this example 
would then be $51 ($30 + $21).   
 
In this section, we make a series of calculations to eliminate these overlaps and develop costs 
and benefits of combinations of various proposals.  On the cost side, the issue only applies to 
ECP braking and the Option 1 tank car.  We begin by taking the cost of the tank car, adding the 
cost of equipping locomotives with ECP equipment, and adding training costs for ECP braking.  
This represents the total cost of ECP braking and the new tank car standard.  Then, we can add 
the costs of the other provisions to obtain total costs. The Option 1 tank car standard is estimated 
to cost approximately $3.6 billion when discounted at 7 percent.  This figure includes the cost of 
equipping tank cars with ECP brakes.  To this figure, PHMSA adds training ($18.7 million) and 
locomotive retrofit costs ($50.7 million) for ECP brakes.  This set of calculations yields the total 
cost of the braking and tank car requirement for the Option 1 tank car standard. The other tank 
car standards do not require ECP brakes, so the cost estimates for them do not include ECP costs.  
 
On the benefits side, we begin with the tank car standard, although it does not matter in which 
order these calculations are carried out—the total benefits for each combination of proposals 
would be the same if we started with speed restrictions or ECP brakes instead. We begin with 
low-consequence damages, discounted at 7 percent, which are presented in the table below.  
 
Table CB1.  Low-Consequence Baseline Damages, 2015-2034 (discounted at 7 percent) 
 



180 
 

 
 
The series of calculations used to generate benefits for the comprehensive packages, starting with 
the tank car standard, then adding ECP braking, where applicable, and finally adding marginal 
speed benefits are as follows: 
 
Equation 1: (total low-consequence baseline damages) – (benefits of tank car standard) = 
(remaining damages 1) 
 
Equation 2: (remaining damages 1) x (proportion of cars ECP-equipped) x (ECP effectiveness) = 
(marginal ECP benefits) 
 
Equation 3: (remaining damages 1) – (marginal ECP benefits) = (remaining damages 2) 
 
Equation 4: (remaining damages 2) x (speed restriction effectiveness) = (marginal speed 
restriction benefits) 
 
 

Year

Discounted Lower 
Consequence 
Event Damages

2015 $303,520,363.66
2016 $278,525,783.68
2017 $251,960,971.77
2018 $227,568,419.05
2019 $205,798,812.16
2020 $187,531,630.41
2021 $168,646,824.07
2022 $151,327,812.54
2023 $134,647,912.32
2024 $119,963,317.12
2025 $105,822,441.61
2026 $92,157,138.84
2027 $80,740,536.57
2028 $70,322,709.78
2029 $60,949,585.36
2030 $52,591,050.19
2031 $45,346,931.01
2032 $38,932,207.48
2033 $33,370,619.03
2034 $28,508,608.33

Total $2,638,233,674.99
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First, we subtract the benefits of the tank car option in question.  For the Option 1 tank car, we 
subtract only the benefits of the tank car itself, not the ECP braking benefits, which are handled 
later in the calculations for options that include that car.  This leaves us with a remaining 
damages pool, which provides the opportunity to achieve benefits from the next provision of the 
set of proposals. The calculations for estimating the benefits of the Option 1 tank car are 
presented in the tank car benefits section, but the dollar figures discounted at 7 percent are 
presented below. 
 
Table CB2.  Benefits of Option 1Tank Car, 2015-2034 (discounted at 7 percent) 
 
 
 
 

 
 
These benefit figures are subtracted from the discounted low-consequence baseline damages to 
arrive at the remaining damages pool, which provides opportunities to achieve benefits from 
other provisions. This remaining damages pool is presented in the table below.  
 

Year

PHMSA and FRA 
Design Tank Car 
Benefits

2015 $5,615,522
2016 $29,283,125
2017 $50,710,867
2018 $68,913,789
2019 $60,494,299
2020 $55,124,684
2021 $49,573,519
2022 $44,482,618
2023 $39,579,582
2024 $35,263,064
2025 $31,106,372
2026 $27,089,474
2027 $23,733,578
2028 $20,671,271
2029 $17,916,053
2030 $15,459,072
2031 $13,329,673
2032 $11,444,073
2033 $9,809,251
2034 $8,380,069

Total $617,979,954
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Table CB3.  Damages Remaining After Subtracting Benefits of Option 1 Tank Car, 2015-
2034 (discounted at 7 percent) 
 
 
 
 

 
 
 
PHMSA next applies ECP braking effectiveness. The effectiveness rate of ECP brakes is 18 
percent for trains running either distributed power or end-of-train devices. PHMSA believes all 
trains in operation are using one of these two braking performance improvements. The 18-
percent effectiveness rate is multiplied by the percentage of cars that are ECP-equipped in a 
given year. 
 
ECP braking is phased in as new ECP-equipped cars are built and can be run as train sets. The 
PHMSA assumes that these cars would be grouped together and run as unit trains to obtain the 
safety benefits attributed to them. ECP deployment is expected to reach a maximum of 87 
percent of train sets hauling crude and ethanol, because the remaining train sets are not expected 
to be unit trains and thus cannot be run in ECP brake mode. This is expected to be achieved in 

Year

Remaining Damages After 
PHMSA and FRA Design 

Tank Car 
2015 297,904,841$                       
2016 249,242,658$                       
2017 201,250,105$                       
2018 158,654,630$                       
2019 145,304,514$                       
2020 132,406,947$                       
2021 119,073,305$                       
2022 106,845,195$                       
2023 95,068,330$                         
2024 84,700,253$                         
2025 74,716,070$                         

2026 65,067,665$                         
2027 57,006,959$                         
2028 49,651,439$                         
2029 43,033,532$                         
2030 37,131,978$                         
2031 32,017,258$                         
2032 27,488,135$                         
2033 23,561,368$                         
2034 20,128,539$                         

Total 2,020,253,721$                    
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2018 when the retrofit of older cars would be complete. The PHMSA assumes 19 percent of 
trains would be ECP-equipped in 2015, so the benefits are obtained by multiplying 0.19 by the 
effectiveness rate, 0.18, which equals 0.034. This figure is multiplied by remaining damages in 
2015 to estimate ECP benefits in that year. By 2016, 42 percent of the fleet would be ECP-
equipped, and by 2017 71 percent would be ECP-equipped.  As noted above, by 2018 ECP is 
assumed to be fully deployed on 100 percent of unit trains, but since we assume that only 87 
percent of the product would be shipped in unit trains, the 87-percent factor is applied in years 
2018 and beyond. The table below presents the deployment percentages, which are multiplied by 
the effectiveness rate (0.18) and by the remaining damages to estimate ECP safety benefits. The 
calculation of ECP business benefit is geared to the equipping of the locomotives, and hence 
trainsets.  If the first year 300 locomotives are equipped, and used in unit trainsets, the minimum 
number of tank cars needed to equip 100 trainsets with 100 cars per train is 10,000 cars, less than 
the number of tank cars projected for the first year.  The lowest cost compliance path would put 
the ECP equipped tank cars into unit train service first, in order to realize the business benefits of 
ECP as early as possible.  Likewise in the second year, another 300 locomotives and 10,000 cars 
would go into unit train service, and in the third year, the last 300 locomotives would go into unit 
train service, as would another 10,000 tank cars. 
 
Table CB4.  Damages Remaining After Subtracting Option 1 Tank Car and ECP Brake 
Benefits, 2015-2034 (discounted at 7 percent) 
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Speed Restrictions 
 
We apply speed restriction effectiveness to this remaining damage pool.  Since accurate 
effectiveness measures cannot be obtained for the other provisions (routing, classification, and 
SERC notification), PHMSA does not calculate specific benefits for those provisions.  
 
The 40-mph speed restriction is expected to reduce the consequences of incidents by 36 percent. 
The speed restriction benefits do not apply to HHFTs that have the new tank car standard, and 
for the purposes of the speed restriction the effectiveness rate is assumed to decline by 1/3 each 
year, until there are no longer any benefits after Year 3.  The speed restriction effectiveness rate 
is also adjusted to account for voluntary industry action to slow crude oil trains that do not meet 
the CPC-1232 standard in High Threat Urban Areas.  This produces effectiveness rates of 34.67 
percent in 2015, 23.11 percent in 2016, and 11.56 percent in 2017.  
 
The limited speed restriction (40 mph in areas of 100,000 people or more, and 40 mph in 
HTUAs) benefits are calculated by taking a percentage of benefits from the system-wide speed 

Year ECP Deployment ECP Benefits

Remaining Damages 
after Tank Car and 
ECP

2015 0.19                  $9,920,930 $287,983,911

2016 0.42                  $18,697,212 $230,545,447
2017 0.75                  $27,297,955 $173,952,150
2018 0.87 $24,845,315 $133,809,315
2019 0.87 $22,754,687 $122,549,827
2020 0.87 $20,734,928 $111,672,019
2021 0.87 $18,646,880 $100,426,425
2022 0.87 $16,731,958 $90,113,237
2023 0.87 $14,887,700 $80,180,630
2024 0.87 $13,264,060 $71,436,193
2025 0.87 $11,700,537 $63,015,533
2026 0.87 $10,189,596 $54,878,069
2027 0.87 $8,927,290 $48,079,669
2028 0.87 $7,775,415 $41,876,024
2029 0.87 $6,739,051 $36,294,481
2030 0.87 $5,814,868 $31,317,110
2031 0.87 $5,013,903 $27,003,356
2032 0.87 $4,304,642 $23,183,493
2033 0.87 $3,689,710 $19,871,658
2034 0.87 $3,152,129 $16,976,410

$255,088,765 $1,765,164,956



185 
 

restriction, as described in the Speed Restriction section of this analysis. For the speed limit in 
cities with 100,000 or more of population, system-wide speed restriction benefits are multiplied 
by 5.87 percent in 2015, 3.91 percent in 2016, and 1.96 percent in 2017 to obtain benefits.  For a 
speed limit in HTUAs, the system-wide benefits are multiplied by 1.19 percent in 2015, 0.791 
percent in 2016, and 0.4 percent in 2017. 
 
Once this series of calculations is complete, the marginal benefits for ECP brakes and speed 
restrictions are added to the benefits of the tank car standard to obtain total safety benefits for the 
set of proposals. The annual marginal benefits from each safety feature are shown below, along 
with the total benefits.  
 
Table CB5.  Benefits of Option 1 Tank Car Standard, ECP Brakes, and System-Wide 
Speed Restrictions, 2015-2034 (discounted at 7 percent) 
 
 
 
 
 

 
 

Year 117 Benefits ECP Benefits Universal Speed BenefitsTotal
2015 $5,615,522 9,920,930$      99,844,732$                  $115,381,184
2016 $29,283,125 $18,697,212 $53,280,223 $101,260,560
2017 $50,710,867 $27,297,955 $20,103,213 $98,112,035
2018 $68,913,789 $24,845,315 $0 $93,759,104
2019 $60,494,299 $22,754,687 $0 $83,248,985
2020 $55,124,684 $20,734,928 $0 $75,859,612
2021 $49,573,519 $18,646,880 $0 $68,220,399
2022 $44,482,618 $16,731,958 $0 $61,214,575
2023 $39,579,582 $14,887,700 $0 $54,467,283
2024 $35,263,064 $13,264,060 $0 $48,527,124
2025 $31,106,372 $11,700,537 $0 $42,806,908

2026 $27,089,474 $10,189,596 $0 $37,279,070
2027 $23,733,578 $8,927,290 $0 $32,660,868
2028 $20,671,271 $7,775,415 $0 $28,446,686
2029 $17,916,053 $6,739,051 $0 $24,655,104
2030 $15,459,072 $5,814,868 $0 $21,273,940
2031 $13,329,673 $5,013,903 $0 $18,343,575
2032 $11,444,073 $4,304,642 $0 $15,748,715
2033 $9,809,251 $3,689,710 $0 $13,498,961
2034 $8,380,069 $3,152,129 $0 $11,532,198

Total $617,979,954 $255,088,765 $173,228,169 $1,046,296,887
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The remaining tank car options are considered analogously with the exception that the ECP 
braking calculations are omitted. Any car could be equipped with ECP brakes, but both costs and 
benefits for a tank car standard would rise if ECP brakes are mandated for that standard. Because 
the Option 1 and 2 tank cars are very close to each other in terms of overall safety impact with 
the exception of ECP brakes, the comparison between these two standards in effect indicates the 
expected effects of ECP braking.  
 
The Option 1 tank car scenarios all include the costs and benefits of ECP braking. Since ECP is 
identified solely with tank car Option 1, specifying that a combination of proposals includes the 
Option 1 tank car is sufficient to identify it as including ECP brakes as well. The speed limit 
restrictions are identified as “40 MPH” for the 40-mph system-wide speed limit; “40 mph in 
100K” for the proposed speed limit imposed in cities with 100,000 or more in total population; 
and “40 mph in HTUA” for a 40-mph speed limit in high threat urban areas. 
 
To account for the risk of high-consequence events, we calculate an effectiveness ratio for each 
combination of proposals by dividing total discounted benefits for low-consequence events by 
total discounted societal damages for low-consequence events. We then apply this ratio to the 
total damages that would result from 10 higher consequence events, with one of those events 
having an impact 5 times greater than the average high-consequence event. Thus, if total lower-
consequence plus high-consequence events are $10 billion, and the ratio of low consequence 
events to low consequence total damages is 50-percent, total benefits would be approximately $5 
billion.  
 
These effectiveness ratios for each proposal are presented below.  
 
Table CB6.  Low Consequence Effectiveness Ratios for Proposal Combinations 
 
 
 
 

 
 

Comprehensive Proposal

Ratio of Discounted 
Benefits to Discounted 
Baseline Damages

117 + Universal 40 MPH 0.40
117 + 40 MPH in Cities with >100K Population 0.34
117 + 40 MPH in HTUA 0.33

CPC 1232 + Universal 40 MPH 0.22
CPC 1232 + 40 MPH in Cities with >100K Population 0.16
CPC 1232 + 40 MPH in HTUA 0.15

AAR 2014 + Universal 40 MPH 0.30
AAR 2014 + 40 MPH in Cities with >100K Population 0.24
AAR 2014 + 40 MPH in HTUA 0.23
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For those options with ECP brakes, we add ECP business benefits to the final estimated safety 
benefits to get total benefits for the PHMSA and FRA Design Tank Car Options. ECP produces 
business benefits of $420,574,497 million over 20 years when discounted at 7 percent. 
 
The first table presented shows total costs, benefits, and net benefits for the PHMSA and FRA 
Design standard with a system-wide 40-mph speed limit, including both safety and business 
benefits.  
  

PHMSA and FRA Design Standard + 40 MPH System Wide, 7% 
Discount Rate 

Costs $5,820,338,444

Lower Consequence Event + ECP 
Business Benefits $1,435,896,668
Benefits with 10 High 
Consequence Events + ECP 
Business Benefits $4,386,021,162
Net Benefits (low consequence 
only) -$4,384,441,776

Net Benefits (with high 
consequence Events -$1,434,317,282

 
 
The next table presents costs, benefits, and net benefits for the Option 1 tank car standard and a 
40-mph speed limit in cities with 100,000 or more population.  
 
 

PHMSA and FRA Design Standard + 40 MPH in 100K, 7% 
Discount Rate 

Costs $3,379,693,232

Lower Consequence Event + ECP 
Business Benefits $1,291,993,170
Benefits with 10 High 
Consequence Events + ECP 
Business Benefits $3,836,369,313
Net Benefits (low consequence 
only) -$2,087,700,062

Net Benefits (with high 
consequence Events $456,676,081

 
The next table presents these figures for the Option 1 tank car standard and the 40-mph speed 
limit restricted only to high threat urban areas.  
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PHMSA and FRA Design Standard + 40 MPH in HTUA, 7% 
Discount Rate 

Costs $3,162,746,991

Lower Consequence Event + ECP 
Business Benefits $1,268,608,851
Benefits with 10 High 
Consequence Events + ECP 
Business Benefits $3,747,050,887
Net Benefits (low consequence 
only) -$1,894,138,140

Net Benefits (with high 
consequence Events $584,303,897

 
The next series of proposed rule packages combine the Option 2 tank car with the speed 
restriction alternatives.  As noted above, neither the costs nor the benefits of ECP braking is 
incorporated into these figures. First, we present the Option 2 tank car combined with the 40-
mph system-wide speed limit.  
 
 
 
 
 
 
 

AAR 2014 Standard + 40 MPH System Wide, 7% Discount Rate 
Costs $5,272,033,055
Lower Consequence Event 
Benefits $794,278,015

Benefits with 10 High 
Consequence Events $3,033,813,518

Net Benefits (low consequence 
only) -$4,477,755,040

Net Benefits (with high 
consequence Events -$2,238,219,537

 
 
Next, the Option 2 tank car is combined with a 40-mph restriction in cities with 100,000 or more 
population. 
 
 
 

AAR 2014 Standard + 40 MPH in 100K, 7% Discount Rate 
Costs $2,831,387,843



189 
 

Lower Consequence Event 
Benefits $641,181,037

Benefits with 10 High 
Consequence Events $2,449,046,382
Net Benefits (low consequence 
only) -$2,190,206,806

Net Benefits (with high 
consequence Events -$382,341,461

 
 
Finally, the Option 2 tank car is combined with a 40-mph speed limit in high threat urban areas.  
 
 
 

AAR 2014 Standard + 40 MPH in HTUA, 7% Discount Rate 
Costs $2,614,441,602
Lower Consequence Event 
Benefits $616,302,778

Benefits with 10 High 
Consequence Events $2,354,021,722
Net Benefits (low consequence 
only) -$1,998,138,824

Net Benefits (with high 
consequence Events -$260,419,880

 
 
The final set of tables present the costs and benefits for the standards that combine speed 
restrictions with the Option 3 tank car standard. The first table presents the costs and benefits of 
a package that combines Option 3 tank car with a 40-mph system-wide speed restriction.  
 
 
 
 
 

CPC 1232 Standard + 40 MPH System Wide, 7% Discount Rate 

Costs $4,740,965,728
Lower Consequence Event Benefits $584,452,390

Benefits with 10 High Consequence 
Events $2,232,366,412
Net Benefits (baseline only) -$4,156,513,338

Net Benefits (with high consequence 
Events -$2,508,599,317
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The next table presents the Option 3 tank car combined with a 40-mph speed restriction in cities 
with 100,000 or more population. 
 
 

CPC 1232 Standard + 40 MPH in 100K, 7% Discount Rate 
Costs $2,300,320,516
Lower Consequence Event Benefits $425,684,128

Benefits with 10 High Consequence 
Events $1,625,937,314
Net Benefits (baseline only) -$1,874,636,389

Net Benefits (with high consequence 
Events -$674,383,203

The final Option 3 tank car scenario combines that standard with a 40-mph speed restriction 
limited to high threat urban areas. 
 
 
 

CPC 1232 Standard + 40 MPH in HTUA, 7% Discount Rate 
Costs $2,083,374,275

Lower Consequence Event Benefits $399,884,285

Benefits with 10 High Consequence 
Events $1,527,392,585

Net Benefits (baseline only) -$1,683,489,990

Net Benefits (with high consequence 
Events -$555,981,690

 
 
A few conclusions can be drawn from this presentation. Firstly, the Option 1 tank car with 
limited speed restrictions are the only scenarios with net benefits, and these scenarios only have 
net benefits with the inclusion of higher consequence event damages. Secondly, although it 
imposes higher costs, the Option 1 tank car tends to also produce the lowest net costs under most 
scenarios. The Option 3 tank car might be superior if cost imposition is the chief concern—it has 
lower costs than the Option 1 or Option 2 tank cars. It is also the tank car option that is currently 
in mass production. Benefits fail to exceed costs for all options if no high-consequence events 
are assumed to occur.  
 
 

Conclusions 
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Hazardous materials such as crude oil and ethanol are essential to the economy of the U.S. and 
the well-being of its people.  These materials are an important part of the U.S. economy and have 
many manufacturing, and other industrial applications.  The need for these hazardous materials 
to support essential services means transportation of hazardous materials is unavoidable and rail 
transportation of hazardous materials in the United States is generally recognized to be a safe 
method of moving large quantities of hazardous materials over long distances.   
 
PHMSA, in coordination with FRA, is proposing new operational requirements for HHFTs 
comprised of twenty rail car loads of a Class 3 flammable liquid to ensure that the rail 
requirements are closely aligned with the risks posed by the transportation of these trains.   
 
PHMSA is proposing improvements in tank car standards for HHFTs and revision of the general 
requirements for offerors to ensure proper classification and characterization of mined gases and 
liquids.  These new requirements are designed to lessen the frequency and consequences of 
derailments involving ethanol, crude oil, when moved as a HHFT.  The growing reliance on 
trains to transport large volumes of flammable liquids poses a significant risk to life, property, 
and the environment.  These significant risks have been highlighted by the recent derailments of 
trains carrying crude oil in Casselton, North Dakota, Aliceville, Alabama, and Lac-Mégantic, 
Quebec, Canada.  
 
Shipments of flammable liquids in large volumes pose a risk of catastrophic consequences 
during transportation.  In addition, both the number of shipments and accidents involving large 
flammable liquids has increased. In the NPRM the proposed requirements focus on the 
transportation of crude oil and ethanol.   
 
Consistent with the NPRM, the following table provides the six (6) requirement areas considered 
in this analysis and their costs: 
 
Table ES2. 20 Year Costs and Benefits by Stand-Alone Proposed Regulatory Amendments 
2015-2034105 
Provision 
 
Affected Section106 
 

Provision Benefits (7%) Costs (7%) 

49 CFR 172.820 Rail Routing+ Cost effective if 
routing were to 
reduce risk of an 
incident by 0.17% 

$4.5 million          

49 CFR 173.41 
Classification of Mined 
Gas and Liquid 

Cost effective if this 
requirement reduces 
risk by 0.61% 

$16.2 million 

49 CFR 174.310 Notification to SERCs Qualitative $0 

                                                 
105 All costs and benefits are in millions over 20 years, and are discounted to present value using a 7 percent rate. 
106 All affected sections of the Code of Federal Regulations (CFR) are in Title 49. 
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 Speed Restriction: 
Option 1: 40 mph 
speed limit all areas* 

$199 million – $636 
million $2,680 million 

Speed Restriction: 
Option 2: 40 mph 100k 
people* 

$33.6 million – 
$108 million $240 million 

Speed Restriction: 
Option 3: 40 mph in 
HTUAs* 

$6.8 million- $21.8 
million $22.9 million 

Braking: Electronic 
Pneumatic Control 
with DP or EOT#107 

 
$737 million – 
$1,759 million 

 
$500 million 

49 CFR Part 179 

Option 1: PHMSA and 
FRA designed car108  

$822 million -
$3,256 million 

$3,030 

Option 2: AAR 2014 
Tank Car  

$610 million – 
$2,426 million 

$2,571 

Option 3: Jacketed 
CPC-1232 (new const.) 

$393 million – 
$1,570 million 

$2,040 million 

Note: “+” indicates voluntary actions that will be taken by shippers and railroads 
 “*” indicates voluntary compliance of crude oil in HTUA 

“#”PHMSA does not propose to require additional top fittings protection for 
retrofits, because the costs are not supported by corresponding benefits.  Newly 
constructed cars, however, are required to have additional top fittings 
protection.  Except for additional top fittings protection, the requirements for 
newly constructed tank cars and retrofits are the same. 

 
Preliminary assessments of the Lac-Mégantic accident suggest that damages exceed $1.2 billion.  
Because this accident occurred in a relatively small town with low rail traffic volumes, the 
damages are much less than they would have been if the accident had occurred in a congested 
area with high population density.  Using 12 years of FRA accident data (2001-2013) we 
estimated the relationship between carloads and derailments, and used this relationship to 
forecast the annual number of derailments going forward for the next 20 years.  We assume that 
any catastrophic event will stem from a derailment resulting in the damage of 5 or more tank 
cars.  

To estimate benefits associated with the proposed regulations PHMSA assumed there would be 
between 0 and 10 higher consequence events over 20 years, in addition to the 5 to 15 annual 
mainline lower consequence evetns predicted based on extrapolation of the existing U.S. safety 

                                                 
107 All Costs (equipping tank cars, equipping locomotives and training) and benefits (safety and business benefits) 
of ECP braking are included here.  Adding the costs and benefits of ECP braking and the PHMSA/FRA designed car 
will result in some double counting. 
108 Costs and benefits associated with equipping cars with ECP braking assigned to the PHMSA‐FRA designed car 
only. PHMSA allocated 80% of the safety benefits of ECP braking to the PHMSA/FRA designed car because that was 
the portion of ECP costs from equipping tank cars.  Adding the costs and benefits of ECP braking and the PHMSA‐
FRA designed car will result in some double counting. 
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history. .  PHMSA used damage estimates for the Lac-Mégantic accident in conjunction with an 
analysis of the population densities of U.S. populated places to estimate the expected magnitudes 
associated with the projected higher consequence events.    

The benefits of the proposed requirements include averted damages resulting both from 
catastrophic and non-catastrophic events.  The effectiveness of the requirements are 
interdependent on each other, and some of the requirements such as routing can mitigate both the 
likelihood that an accident will happen as well as the outcome if an accident does happen.  For 
these reasons, more complex analysis may need to be done to establish a separate effectiveness 
rate for each requirement.  

This analysis shows that expected damages based on the historical safety record could 
reach $4.5 billion and that damages from high-consequence events could reach $14 billion 
over a 20 year period in the absence of the rule.   
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Appendix	A:	2011	U.S.	Business	Statistics	for	Selected	Industries	that	
Ship	Class	3	Hazardous	Materials 
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Appendix B: Crude Oil/ Ethanol Derailment Accidents Research 
Fatalities, Injuries, Evacuation of People, Evacuation – Evacuation Days, Environmental Damage, Railroad Damages, Track Out of Service, 

Electric Disruption, Road Closures, etc. 
 
Mainline Derailments of Crude Oil and Ethanol from 2006-2013 

Incident 
Date 

Product 
Name 

UN 
Number 

Speed at 
Derailment 
(mph) 

Cars 
Releasing 

# Main 
Line 
Incidents 

Qty. 
Released 
per 
derailment 

Unit 
of 
Meas
ure 

Location City 
Location State 
or Province 

4/22/2006 Ethanol UN1268 5 1 1 9,000 LGA CHILLICOTHE OHIO 

5/30/2006 Ethanol UN1987 50 0 1 0 LGA TRIBES HILL NEW YORK 

10/20/2006 Ethanol UN1987 37 20 1 485,278 LGA NEW BRIGHTON 
PENNSYLVA
NIA 

11/11/2006 Ethanol UN1987 10 1 1 1,000 LGA PORTAGE INDIANA 

11/22/2006 Ethanol UN1987 24 7 1 24877 LGA CAMBRIDGE MINNESOTA 
  
2006 Total 

      
29 5 520155 LGA 

    

6/30/2007 Ethanol UN1987 20 1 1 29357 LGA PLUMAS CALIFORNIA 

10/10/2007 Ethanol UN1987 48 5 1 55200 LGA PAINESVILLE OHIO 

12/28/2007 Ethanol UN1987 23 2 1 16000 LGA NEW FLORENCE 
PENNSYLVA
NIA 

 2007 
Total 

      
8 3 100557 LGA 

    

8/16/2008 Ethanol UN1987 17 1 1 12,447 LGA COUNCIL 
NORTH 
CAROLINA 

8/22/2008 
Crude 
Oil 

UN1267 19 5 1 80746 LGA LUTHER OKLAHOMA 

12/7/2008 
Crude 
Oil 

UN1267 55 6 1 140 LGA PAGE 
NORTH 
DAKOTA 

2008  
Total 

      
12 3 93333 LGA 

    

1/12/2009 Ethanol UN1987 44 1 1 1 LGA DEFIANCE OHIO 
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3/8/2009 Ethanol UN1987 10 2 1 85 LGA JESUP IOWA 

5/28/2009 Ethanol UN1987 18 1 1 100 LGA 
GREEN 
MOUNTAIN 

NORTH 
CAROLINA 

6/19/2009 Ethanol UN1987 19 13 1 232693 LGA 
CHERRY 
VALLEY 

ILLINOIS 

7/23/2009 Ethanol UN1987 11 1 1 174 LGA MAX 
NORTH 
DAKOTA 

9/15/2009 Ethanol UN1987 2 2 1 8204 LGA KNOXVILLE TENNESSEE 

10/28/2009 
Crude 
Oil 

UN1267 30 1 1 1 LGA LODI OHIO 

12/13/2009 Ethanol UN1170 15 1 1 1 LGA CARBONDALE ILLINOIS 
 2009  
Total 

      
22 8 241259 LGA 

    

2/20/2010 Ethanol UN1987 20 1 1 24175 LGA KEENE CALIFORNIA 

3/11/2010 Ethanol NA1987 10 1 1 5 LGA WINDHAM 
CONNECTIC
UT 

4/19/2010 Ethanol UN1987 41 8 1 57613 LGA BRYAN OHIO 
 2010 
Total 

      
10 3 81793 LGA 

    

1/8/2011 Ethanol UN1987 5 0 1 0 LGA ROANOKE VIRGINIA 

2/6/2011 Ethanol UN1987 46 31 1 834840 LGA ARCADIA OHIO 

5/4/2011 Ethanol NA1987 24 1 1 28000 LGA BURLINGTON OREGON 

7/6/2011 Ethanol UN1987 28 1 1 1 LGA MORRISTOWN INDIANA 

7/19/2011 Ethanol UN1987 10 1 1 366 LGA AURORA 
SOUTH 
DAKOTA 
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10/7/2011 Ethanol UN1987 34 10 1 143534 LGA TISKILWA ILLINOIS 
 2011 
Total 

      
44 6 1006741 LGA 

    

1/6/2012 Ethanol UN1987 44 5 1 2.25 LGA WESTVILLE INDIANA 

6/1/2012 Ethanol UN1170 25 2 1 40099 LGA OAKLAND CITY INDIANA 

7/11/2012 Ethanol UN1987 23 3 1 53347 LGA COLUMBUS OHIO 

8/5/2012 Ethanol UN1987 23 12 1 245336 LGA PLEVNA MONTANA 

11/30/2012 Ethanol UN1987 8 1 1 1 LGA PAULSBORO NEW JERSEY 

12/30/2012 Ethanol UN1987 15 1 1 16000 LGA 
MOUNT VERNON 
OUTLAND 
AIRPORT 

ILLINOIS 

 2012 
Total 

      
24 6 354785 LGA 

    

3/27/2013 
Crude 
Oil 

UN1267 40 3 1 15000 LGA 
PARKERS 
PRAIRIE 

MINNESOTA 

5/23/2013 
Crude 
Oil 

UN1267 23 0 1 0 LGA BEAR CREEK ALABAMA 

7/17/2013 Ethanol UN1170 28 1 1 1 LGA BUFFALO NEW YORK 

10/21/2013 
Crude 
Oil 

UN1267 20 1 1 1 LGA SMITHBORO ILLINOIS 

11/7/2013 
Crude 
Oil 

UN1267 39 25 1 455520 LGA ALICEVILLE ALABAMA 

12/30/2013 
Crude 
Oil 

UN1267 42 
18 1 474936 

LGA CASSELTON NORTH 
DAKOTA 

2013 Total 
   

48 6 945458 LGA 
  

1/20/2014 
Crude 
Oil 

UN1267 7 0 1 0 LGA PHILADELPHIA 
PENNSYLVA
NIA 

1/31/2014 
Crude 
Oil 

UN1267 45 4 1 90000 LGA NEW AUGUSTA MISSIPPI 
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2/11/2014 Ethanol UN1987 10 1 1 25 LGA JACKSONVILLE FLORIDA 

2/13/2014 
Crude 
Oil 

UN1267 31 4 1 10000 LGA VANDERGRIFT 
PENNSYLVA
NIA 

4/30/2014 
Crude 
Oil 

UN1267 23 2 1 30000 LGA LYNCHBURG VIRGINIA 

5/9/2014 
Crude 
Oil 

UN1267 9 1 1 7932 LGA EVANS COLORADO 
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Lynchburg, VA, April 30, 2014– Crude oil 
 
A CSX Transportation, Inc. (CSX) unit train consisting of 105 tank cars loaded with petroleum 
crude oil derailed in Lynchburg, Virginia.  Seventeen of the train’s cars derailed, and one of the 
tank cars was breached. A petroleum crude oil fire ensued, and emergency responders evacuated 
approximately 350 individuals from the immediate area. Three of the derailed tank cars 
containing petroleum crude oil came to rest in the adjacent James River, spilling up to 30,000 
gallons of petroleum crude oil into the river. The National Transportation Safety Board (NTSB) 
and DOT are both investigating this accident. 
 
Sources: 

 http://www.timesdispatch.com/news/state-regional/ntsb-clears-crew-in-lynchburg-

derailment/article_5017e96e-8916-58f0-8a8e-1428a3b1845b.html 

 Form DOT F 5800.1 (Hazardous materials incident report) 

 
Vandergrift, PA, February 13, 2014 – Crude oil 
 
A Norfolk Southern (NS) train with 119 cars derailed 21 cars. There were no injuries or 
fatalities.  Approximately 10,000 gallons of crude oil were spilled.  One of the derailed cars went 
through the wall and into MSI Corporation (Steel Processor).  Employees at the MSI Corporation 
were evacuated after the derailment.  The derailment site is located approximately 150 yards 
from the Conemaugh River.   
 
Sources: 

 http://www.post‐gazette.com/local/westmoreland/2014/02/13/Train‐carrying‐crude‐oil‐derails‐

in‐Vandergrift/stories/201402130275 

 Form FRA F6180.39 (Accident Report) 
 
 
New Augusta, MS, January 31, 2014 – Crude Oil 
 
A Canadian National Railway (CN) train with 85 cars derailed 20 cars.  Twenty people  
(a dozen families) within a ½-mile radius were forced to evacuate their homes.  Nearby highway 
(U.S. Route 98, a four-lane, major east-west highway in southern Mississippi) was shut down as 
a precaution because of ethanol’s flammable nature, although no fire occurred.  This event 
triggered an “all-out response” from fire, police, the Mississippi Department of Transportation, 
and the Environmental Protection Agency (EPA).  At least 50 responders were at the scene.  At 
least four of the derailed cars ruptured and were leaking (other source says eight cars).  Earthen 
dams were built to contain the leakage and prevent it from contaminating local streams (ground 
seepage is inevitable).  Crude oil and Methanol—liquid fertilizer—is believed to have been in 
the tank cars that were leaking.  CN dispatched equipment to drain the tank cars and right them.    
 
Sources: 
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 http://usnews.nbcnews.com/_news/2014/01/31/22524183-50-evacuated-after-chemical-
train-derailment-in-mississippi 

 http://www.sunherald.com/2014/01/31/5301747/train-derailment-chemical-spill.html 

 http://www.cnbc.com/id/101381562 

 http://www.youtube.com/watch?v=teuiF9lLI0A 
 
 
 
 
Plaster Rock, New Brunswick, Canada, January 7, 2014 – Crude oil and propane products 
 
A CN mixed freight train with 122 cars derailed 19 cars and a remote locomotive.  Nine of the 
cars—five carrying crude oil and four propane—burst into flames and the fire burned for several 
days.  About 150 workers were on the scene.  Hazmat responders were dispatched and 50 wells 
were tested for pollution.  Although there were no injuries as a result, 150 people in 50 homes 
within a 1.2-mile radius were evacuated for 3 nights.  When they returned, they were warned not 
to use the tap water as a result of the accident.  Contaminated soil was hauled away for cleanup 
and testing.  Those who lived within a 100-meter radius were not allowed to return to their 
homes for several weeks.  The probable cause of the accident a cracked wheel; however, this is 
still under investigation. 
 
Sources: 

 http://www.cbc.ca/news/canada/new-brunswick/plaster-rock-derailment-fires-out-
evacuees-going-home-1.2492805 

 http://www.cbc.ca/news/canada/new-brunswick/cn-derailment-near-plaster-rock-
involved-mechanical-failure-1.2488358 

 http://globalnews.ca/news/1074001/cn-working-to-tackle-fire-burning-on-derailed-train-
near-plaster-rock/ 

 http://www.cbc.ca/news/canada/new-brunswick/cn-rail-derailment-site-longley-road-
reopens-to-public-1.2531276 

 http://www.tsb.gc.ca/eng/enquetes-investigations/rail/2014/r14m0002/r14m0002.asp 
 
Gainford, Alberta, Canada, October 19, 2013– Crude oil product, Liquefied Petroleum Gas 
 
CN Train with 134 cars, experienced an undesired emergency brake application in the area of the 
Gainford siding.  Inspection revealed that cars 13 through 25 had derailed and were on their side. 
The first four derailed cars were carrying petroleum crude oil and the following 9 cars were 
carrying liquefied petroleum gas. Sparks and flames were visible to the crew. No injuries were 
reported. 
 

 http://www.tsb.gc.ca/eng/enquetes-investigations/rail/2013/r13e0142/r13e0142.asp 
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 http://www.reuters.com/article/2013/10/19/us-cnrailway-derailment-idUSBRE99I04820131019 

Casselton, ND, December 30, 2013 – Crude oil product 
 
A BNSF Railway (BNSF) grain train derailed on a track parallel to an eastbound crude oil train 
with 106 tank cars, striking some of the tanks and triggering explosions.  Eighteen cars derailed 
and ignited a fire.  Once the fire started, the engineer unhooked the remaining 25 oil cars and 
pulled them safely away from the fire.  If not for this act, it is deemed that the explosions would 
have been much worse.  Approximately 474,936 gallons of oil spilled.  Although there were no 
injuries, officials asked 2,400 residents of Casselton to voluntarily evacuate, and approximately 
1,500 did for one day.  Cleanup is expected to last until the summer of 2014.  Over 9,000 cubic 
yards of dirt and other material has been removed from the crash site and sent mostly to out-of-
State landfills.  The State requires that the runoff be contained in the spring, and further testing is 
required to be sure that the oil has been recovered and is not leaching downward.  Estimated 
damages were $5,305,216 (railroad equipment, track and signals). 
 
Sources: 

 http://www.foxnews.com/us/2013/12/31/no-injuries-reported-in-fiery-north-dakota-train-
derailment/ 

 http://www.kxnet.com/story/24711675/cleanup-at-nd-oil-train-crash-to-last-until-summer 

 http://www.nbcnews.com/id/54339936/ns/local_news-fargo_nd/t/engineer-training-
honored-quick-thinking-after-casselton-derailment/ 

 http://www.inforum.com/event/article/id/426338/ 
 
Aliceville, AL, November 7, 2013 – Crude oil product 
 
An Alabama Gulf Coast Railway train derailed 26 cars and one locomotive near Aliceville, AL, 
on November 7, 2013, at approximately 11:35 pm (CST).  The train consisted of two BNSF 
locomotives and 90 freight cars (88 of which contained crude oil), and 2 box cars of sand.  The 
train was traveling at 38 mph (40 mph is the maximum authorized speed) when the crew reported 
feeling a “thud” as they passed a trestle and saw explosions as the cars derailed.  There were no 
injuries reported and no evacuation required.  An estimated 455,000 gallons of crude oil spilled 
into the surrounding wetlands and ignited a fire that was still burning through the next day.  
Estimated damages were $3,904,000 (railroad equipment, track and signals). 
 
Sources: 

 http://articles.latimes.com/2013/nov/09/nation/la-na-nn-train-crash-alabama-oil-
20131109  

 http://www.americanownews.com/story/23913896/train-derailment-causes-fire-and-
crude-oil-spill-near-aliceville 

 Form FRA F6180.39 (Accident Report) 
 
Lac-Mégantic, Quebec, Canada, July 6, 2013 – Crude oil product 
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On July 6, 2013, a catastrophic railroad accident occurred when an unattended freight train 
containing crude oil rolled down a descending grade and subsequently derailed.  The derailment 
resulted in multiple releases and subsequent fires, which caused the confirmed deaths of  
47 individuals.  In addition, according to many news reports, this derailment caused extensive 
damage to the town, the destruction of over 30 buildings and approximately half of the 
downtown area, a release of hazardous materials that would require cleanup costs and the 
evacuation of approximately 2,000 people.  
 
The costs of the Lac-Mégantic train accident are still being estimated as cleanup and 
reconstruction efforts continue and lawsuits and insurance cases still need to be resolved.  These 
costs include casualties (deaths and injuries), property damage to the town, environmental and 
other cleanup costs, the costs associated with rerouted train traffic, evacuation and emergency 
response costs, and the value of the railcars and oil that were lost.  PHMSA estimates that the 
overall cost of this accident may exceed $1.4 billion. 
 
Source: 

 PHMSA  
 

Plevna, MT, August 5, 2012 – Denatured alcohol product 
 
A BNSF train derailed 18 of 106 cars, 17 of which were carrying denatured alcohol.  Twelve of 
the 17 cars released the material and began to burn, causing two grass fires.  Additionally, the 
highway near the site was closed.  The probable cause of this accident is an irregular track 
alignment (a sunkink) due to a temperature of 92 degrees.  Damages were reported as $1.085 
million (equipment) and $315,000 (track).  Approximately 310,000 gallons of denatured alcohol 
was consumed by the fire.  No evacuations were required.  The rail company responded to the 
scene along with Fallon County and several emergency crews from across the region.   
 
Sources: 

 http://www.ktvq.com/news/train-derailment-causes-multiple-explosions-near-plevna 

 Form FRA F6180.39 (Accident Report) 
 

 
Columbus, OH, July 11, 2012 – Ethanol product 
 
A Norfolk Southern Railway (NS) train with 98 cars derailed 17 cars loaded with grain, syrup, 
and ethanol.  Three tank cars of ethanol were breached and caught fire, prompting an evacuation 
of 100 people within a 1-mile radius of the accident site.  The evacuation was lifted 
approximately 32 hours later.  No crewmembers were injured, but two citizens had minor burn 
injuries because they approached the site and attempted to run away as the fire erupted. 
Estimated damages were $591,000 (equipment), $77,500 (track), and $551,400 (lading).  The 
adjacent track was closed for approximately 36 hours, and the track that failed, causing the 
accident, was closed for approximately 48 hours.  The following groups responded to the scene: 
City of Columbus Fire and Police Departments, Franklin County Sheriff’s Department, Ohio 
Environmental Protection Agency–Air and Water, Public Utilities Commission of Ohio, National 
Transportation Safety Board (NTSB), and FRA.  
 



203 
 

Source: 
 Form FRA F6180.39 (Accident Report) 

 

 
Tiskilwa, IL, October 7, 2011 – Ethanol product 

An Iowa Interstate Railroad train derailed 26 loaded freight cars approximately one-half mile 
east of Tiskilwa, IL.  The train consisted of 2 locomotives and 128 cars.  The derailed cars 
consisted of 15 covered hoppers loaded with corn mash, a covered hopper loaded with sand, and 
10 tank cars loaded with ethanol.  Of the estimated 143,534 gallons of ethanol spilled, 
approximately 61 percent of it was from cars with shell and/or head punctures and tears caused 
by contact.  An additional 23 percent was lost by breaches caused by thermal expansion.  The 
release of ethanol and resulting fire initiated an evacuation of about 500 residents within a  
½-mile radius of the accident scene.  There were no injuries or fatalities as a result of the 
accident and assistance was provided by a hazardous materials response team from the LaSalle 
Fire Department.  Five additional fire departments were contacted to respond to the train 
accident.  Estimated damages were $1,847,619 (railroad equipment, track and signals). 
 
Sources: 

 Form FRA F6180.39 (Accident Report) 

 NTSB Accident Brief:  http://www.ntsb.gov/doclib/reports/2013/RAB1302.pdf 
 
Arcadia, OH, February 6, 2011 – Ethanol product 
 
An NS train consisting of 2 locomotives and 62 cars (61 loaded and 1 empty) derailed 34 cars in 
Arcadia, OH.  The derailed train caused a pileup of 33 loaded tank cars containing ethanol.  It is 
estimated that 900,000 gallons of the product was lost.  There were no injuries to the two-man 
train crew or to the public as a result of the derailment; however, evacuations were ordered for 
60 residents (approximately 30 households) within a 1½-mile radius.  Estimated damages were 
$1,895,500 (railroad equipment, track and signals).  One hundred firefighters from surrounding 
departments responded to the scene.  The fire from the explosion burned for almost 24 hours.  It 
is estimated that approximately 50 trains go through the area on a regular basis. 
 
Sources: 

 Form FRA F6180.39 (Accident Report)   

 http://www.yourlawyer.com/topics/overview/arcadia-ohio-norfolk-southern-train-
derailment-lawsuit-lawyer   

 http://www.gordon-elias.com/blog/2324/norfolk-southern-train-derails-catches-fire-and-
explodes-in-arcadia-oh/ 

 
Rockford (Cherry Valley) IL, June 19, 2009 – Denatured ethanol product 
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About 8:36 p.m., central daylight time, on Friday, June 19, 2009, eastbound Canadian National 
Railway Company freight train U70691-18, traveling at 36 mph, derailed at a highway/rail grade 
crossing in Cherry Valley, Illinois. The train consisted of 2 locomotives and 114 cars, 19 of 
which derailed.  All of the derailed cars were tank cars carrying denatured fuel ethanol, a 
flammable liquid. Thirteen of the derailed tank cars were breached or lost product and caught 
fire. At the time of the derailment, several motor vehicles were stopped on either side of the 
grade crossing waiting for the train to pass. As a result of the fire that erupted after the 
derailment, a passenger in one of the stopped cars was fatally injured, two passengers in the same 
car received serious injuries, and five occupants of other cars waiting at the highway/rail 
crossing were injured. Two responding firefighters also sustained minor injuries. The release of 
ethanol and the resulting fire prompted a mandatory evacuation of about 600 residences within a 
1/2-mile radius of the accident site. Monetary damages were estimated to total $7.9 million.   
The evacuation was lifted the following day.  Estimated damages were $1,292,460 (equipment) 
and $402,000 (track and signal).  Of the estimated 323,963 gallons of ethanol lost, 90 percent 
was lost from cars with shell and/or head punctures and tears.  The EPA estimated that 60,000 
gallons of ethanol spilled into an unknown stream, which flowed near the Rock and Kishwaukee 
Rivers. The railroad hired a company to perform river assessments on both rivers in response to a 
report that hundreds of dead fish were allegedly found in the Rock River.  The loss of lading 
from the 11 cars occurred primarily through punctures and tears in or near the tank heads and/or 
shells caused by contact with other tank cars and track structures.  Sizable breaches in several 
cars were caused by the failure of the cars’ B-end stub sills to separate from their stub sill cradle 
pads as intended by AAR Specification for Tank Cars M-1002 design criteria.  The quantity of 
ethanol released would have been reduced significantly had tank head puncture resistance safety 
systems (head shields) been applied to the cars. 
 
Source: 

 Form FRA F6180.39 (Accident Report)   

 http://www.ntsb.gov/doclib/reports/2012/RAR1201.pdf 

 

 
Painesville, OH, October 10, 2007 – Ethanol, liquefied petroleum gas, phthalic anhydride 
products  
 
A CSX Transportation freight train derailed 31 cars while being operated on a main track.  The 
train consisted of 2 locomotives and 112 cars (106 loaded and 6 empty).  The derailed cars 
included seven tank cars carrying ethanol, one tank car carrying liquefied petroleum gas, and one 
tank car carrying phthalic anhydride.  Also among the 31 cars that derailed were covered hoppers 
carrying corn, wheat, feed, plastic, and lumber.  The resulting fire caused 26 of the derailed cars 
to be destroyed.  About 1,400 area residents were evacuated from an area of approximately  
3 square miles.  There were no reported injuries.  Estimated damages and environmental cleanup 
costs were $8.48 million. 
 
Source: 

 https://www.ntsb.gov/investigations/fulltext/RAB0902.html 
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New Brighton, PA, October 20, 2006 – Denatured ethanol product 
 
An NS train containing 83 tank cars loaded with denatured ethanol derailed on a bridge near 
New Brighton, PA, about 26 miles northwest of Pittsburgh, PA.  Twenty-three of the tank cars 
derailed near the east end of the bridge, with several of the cars falling into the Beaver River.  
The probable cause of the derailment was a broken rail.  Of the 23 derailed tank cars, about  
20 released ethanol, which subsequently ignited and burned for about 48 hours.  Some of the 
unburned ethanol liquid was released into the river and the surrounding soil.  Approximately 
485,278 gallons of product were estimated to have been released.  Numerous city and county 
emergency responders, fire, and police personnel rushed to the derailment site where the Beaver 
County emergency response director established an train accident command center.  In response 
to the intense heat and smoke from the fire, the emergency response director ordered the 
evacuation of a 7-square-block area of New Brighton, which affected approximately 100 people, 
including businesses and residents.  The evacuation was lifted approximately 36 hours later when 
the situation was determined to be under control.  No injuries or fatalities were reported.  
Damages were sustained in the amount $1,388,755 (Equipment) and $325,000 (track and 
structures).  The train derailed on a track that has passenger traffic.  Approximately 50 trains use 
the affected track daily.   
 
Sources: 

 Form FRA F6180.39 (Accident Report)   

 http://www.ntsb.gov/doclib/reports/2008/RAR0802.pdf 

 http://www.post-gazette.com/frontpage/2006/10/22/Massive-rail-cleanup-in-New-
Brighton/stories/200610220178 

 http://www.foxnews.com/story/2006/10/21/investigators-on-scene-pa-freight-train-fire 

 

 

Appendix	C:	Lac‐Mégantic	Accident	Non‐Fatalities	Potential	Damage	
Estimates	

 
A  On July 6, 2013, a catastrophic railroad accident occurred in Lac-Mégantic, Quebec, Canada 
when an unattended freight train containing crude oil rolled down a descending grade and 
subsequently derailed.  The derailment resulted in multiple releases and subsequent fires, which 
caused the confirmed deaths of forty-seven individuals.  In addition, according to many news 
reports this derailment caused extensive damage to the town, the destruction of over 30 buildings 
and approximately half of the downtown area, a release of hazardous materials that would 
require clean-up costs, and the evacuation of approximately 2,000 people. Although the event 
took place in Canada, PHMSA believes it presents a unique data point that can be used to 
characterize the magnitude of a potential future catastrophic event that could occur in the U.S.   
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The costs of the Lac-Mégantic train accident are still being estimated as cleanup and 
reconstruction efforts continue and lawsuits and insurance cases still need to be resolved. 
Therefore, it probably won’t be possible to obtain a final tally for several more years.  PHMSA 
compiled different costs reported in the media, and have developed estimates of other costs on 
our own in order to produce and a very rough preliminary estimate of what we think the final 
cost of such an occurrence might be.  These costs consist of property damage to the town, 
environmental and other cleanup costs, the costs associated with re-routed train traffic, 
evacuation and emergency response costs, and the value of the rail cars and oil that was lost.  
These costs exceed $450 million and include about $200 million in property damage and $200 
million in environmental cleanup, as seen in the table below:  
 
Inputs into Non-fatalities Damages Estimates 

Note: Estimates based on analysis of Waybill data, where products are sourced and where they go, and train routes 
to estimate diverted traffic volumes through Lac Mégantic.  The figures reflect the marginal increase in 
transportation costs.  Network effects are assumed to be marginal given the low volume of trains on the particular 
track that runs through Lac Mégantic. 

 
 
 



Amy Million 

From: 
Sent: 
To: 
Subject: 

Amy, 

Linda Wallis <beniciaruby@yahoo.com> 
Saturday, July 18, 2015 10:18 PM 
Amy Million 
Comment for the record - Valero Crude By Rail 

"'"' ECE IV E 

JUL 2 O 2015 D 
CITY OF BENICIA 

COMMUNITY DEVELOPMENT 

It's Ruby a retired pipe welder. You've been to my house. Those Amports lights are still blinding us along with 
them dumping Roundup on the asphalt just in case a weed might pop up. I've witnessed them doing it. 
But I'm writing about those toxic bomb trains. My union the United Association of Plumbers and Pipefitters 
national office are against the oil bomb trains. I have worked in refineries in Alasks and almost every refinery 
in Californiafor for 38 years. Refineries are nothing but Giant aging chemistry sets!!!! 
And the bad news is that the Bay Areas refineries are the worst! As a matter of fact, a pipefitter friend of mine 
that built Valero recently told me he is suprised it hasn't blown up yet. New paint on old aging steel doesn't 
make it safe. The 111 train cars 
were designed to hold corn syrups, .... NOT TOXIC EXPLOSIVE OIL!!!!! 

I have nightmares about the rusty Benicia Bridge falling into water with 100 trains blowing up. Steel has a life 
expectancy and I assure you that it's been up for long, long time. 
DO THE RIGHT THING. BENICIA DOES NOT WANT THE OIL BOMBS IN OUR CITY ! ! ! ! Or 
anywhere!! ! 
Btw ... spoke to a girlfriend working in Utah. She is driving a semi truck at an Indian reservation. The truck is 
full of toxic fracking waste water. Her job is to dump the toxic waste water in ponds near her house. She said 
everybody's getting cancer also she has friends in New Mexico . Who are also getting cancer. In fact her uncle 
has cancer. Could it be because the fracking waste water is being dumped behind his house? Daaaaaaa .... it's a 
no brainer. It's got to STOP!!!!! 























Amy Million 

From: 
Sent: 
To: 
Subject: 

Samantha Stanley <samanthamstanley@gmail.com> 
Tuesday, November 03, 2015 4:53 AM 
Amy Million 
RE: Public comment on Valero crude-by-rail project 

Principal Planner, Benicia Community Development Department Amy Million, 

Dear Mrs. Million, 

I am writing to express deep concern over Valero's proposed oil train offloading facility in Benicia. According to 
the EIR, this project would create several "significant and unavoidable impacts" that could devastate my 
community. 

Bringing oil trains into Benicia will create unacceptable increases in toxic air pollution for communities all along 
the rail route and near the refinery. The EIR identifies several significant and unavoidable air impacts from toxins 
and known carcinogens including increased pollution from NOx, sulfur dioxide, PM 2.5, and benzene. 

According to the EIR, the cumulative risk of spills, explosions, and fires along the UPRR mainline "would be 
significant for all of the tank car designs," including the not-yet-built DOT-117 cars. Such a disaster could result in 
significant loss of life, long-term economic loss, and contamination of our precious wetlands and waterways.This 
level of risk is also unacceptable. 

The EIR also assumes the "worst case" scenario is a spill of 8 tanker cars, or about 240,000 gallons. The train that 
incinerated Lac-Megantic, Quebec in July 2013 spilled over 1 .6 million gallons of crude, or about 60 tanker cars. 
The EIR must assume a worst case scenario that reflects existing data on recent spills. Without an accurate worst 
case scenario analysis, this project can not be approved. 

The revised EIR identifies "significant and unavoidable" climate impacts that conflict with California's existing 
climate law mandating the state move to an 80% reduction of greenhouse gas by 2050. At a time when 
wildfires are raging and the drought is more dire than ever, it is imperative we invest in safe, clean energy rather 
than extreme oil infrastructure. 

In addition, analysis of census data demonstrates that a vast majority of people who will be impacted by this 
project live in EPA-designated environmental justice communities - primarily low-income and communities of 
color. Approving this project will only add to a legacy of environmental racism in communities living along the 
rail routes. 

For all these reasons, I respectfully urge the Planning Commission and City Council to not certify this EIR and 
reject Valero' s proposed oil train terminal in Benicia. 

Sincerely, 

Samantha Stanley 
1511 Jefferson St 
Oakland, California 94612 

<http:/ /click.actionnetwork.org/mpss/o/ 6AA/klwXAA/t. 1 rt/Y _8hb_zORSmK6iQr_J7j5A/o.gif> 
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Commenter Date Received Commenter Date Received

Individuals Individuals

Michelle MacKenzie 2-Nov-15 Roberty J Oneill 2-Nov-15

Jane Savage 2-Nov-15 Charles Richard Jr 2-Nov-15

Tarja Beck 2-Nov-15 Sarah Watchers 2-Nov-15

Sarah Alba 2-Nov-15 Judy Levin 2-Nov-15

Tina Flores 2-Nov-15 Musia Stagg 2-Nov-15

Greg Goodman 2-Nov-15 Craig Cook 2-Nov-15

G is S 2-Nov-15 Brian Farrow 2-Nov-15

Robert L Manning 2-Nov-15 Maggie Hughes 2-Nov-15

Mitch Cohen 2-Nov-15 John Montgomery 2-Nov-15

Angela Digangi 2-Nov-15 N H Cheatham 2-Nov-15

Al Owainati 2-Nov-15 C L Lindsley 2-Nov-15

John Schermerhorn 2-Nov-15 Laura Dutch 2-Nov-15

Anne McBride 2-Nov-15 Diane Boettcher 2-Nov-15

Jennifer Collins 2-Nov-15 William Hardy 2-Nov-15

Leticia Andreas 2-Nov-15 Ana-Paula Martins Fernandes 2-Nov-15

John Hoover 2-Nov-15 Nicollette Jones 2-Nov-15

Judy Mae Smith 2-Nov-15 Beverly Freudiger 2-Nov-15

Christopher Dienstag 2-Nov-15 Rory Alden 3-Nov-15

Jim Alford 2-Nov-15 Morena Dunn 3-Nov-15

Grace Bassett 2-Nov-15 E B Brown 3-Nov-15

Marybeth Kallok 2-Nov-15 Jim Petrovic 3-Nov-15

ZK 2-Nov-15 Donald L Lipmanson 3-Nov-15

Jeanne Crawford 2-Nov-15 Pam Zimmerman 4-Nov-15

Phyllis Angella 2-Nov-15 Melissa Cooper 4-Nov-15

Jack McGuire 2-Nov-15 Judy Schriebman 4-Nov-15

Ruth E Ungar 2-Nov-15 Sharon A Girod 4-Nov-15

Sharon Budde 2-Nov-15 Nancy Veerhusen 5-Nov-15

Lois Look 2-Nov-15 Arleen Weiss 5-Nov-15

Dorothy L Davies 2-Nov-15 Frances Taylor 5-Nov-15

Michael Legrande 2-Nov-15 Keerat Maharaji 6-Nov-15

Robin Morton 2-Nov-15 Holly Morrow 6-Nov-15

Jonathan C Berg 2-Nov-15 Laurie Funaroff 6-Nov-15

David Braun 2-Nov-15 Sharyn White 6-Nov-15

Diane Bailey 2-Nov-15 Nancy Piotrowksi 10-Nov-15

Kym Trippsmith 2-Nov-15 Maryalce Montgomerey 10-Nov-15

Susan M Burnside 2-Nov-15 Paula Pine 10-Nov-15

Abby Franzee 2-Nov-15 Harry L Garrison 10-Nov-15

Catherine Lidl 10-Nov-15 Doris A Fodge 10-Nov-15

Identical Comments

"Reject Valero's dangerous oil trains project"

Valero Crude by Rail Project 



Marilyn McMullen 10-Nov-15

Cindy Campbell-Carney 10-Nov-15

Bobby Richardson 12-Nov-15

Julie Rose 12-Nov-15

Brian Luenow 12-Nov-15

Bob Kroth 12-Nov-15

Haisse M Contento 12-Nov-15

Lori McQ 12-Nov-15

Cristina Wojdac 16-Nov-15

Karen Fara 16-Nov-15

Linda Wesling 4-Dec-15

Donna Parker 4-Dec-15

Judi Leff 4-Dec-15

Anthony Wong 4-Dec-15

Keiko Martinez 4-Dec-15

Edith Carrick 4-Dec-15

Marsha Hoff 4-Dec-15

Kira Schabram 4-Dec-15

Angela Riewe 4-Dec-15

Nancy Cole 4-Dec-15

Karen Jolliffe 4-Dec-15

Katie Berryhill 14-Dec-15

PJ Basso 11-Jan-16

Jean Fraschina 27-Jan-16



Amy Million 

From: 
Sent: 
To: 
Subject: 

Michelle MacKenzie < bounce@list.credoaction.com> 
Monday, November 02, 2015 12:16 PM 
Amy Million 
Reject Valera's dangerous oil trains project 

Valero's outrageous proposal to build an oil trains terminal at its refinery in Benicia threatens the health and 
safety of people all along the rail route. 

If approved by the Benicia City Council, the terminal would exacerbate local air pollution in Benicia and in 
communities along the rail route, expose those communities to the catastrophic danger of an oil train derailment 
and explosion, and fuel the climate crisis by encouraging fracking and tar sands extraction. 

I mge the Planning Commission and the City Council to reject Valero's dangerous plm1. 

Michelle MacKenzie 
San Carlos, CA 

6 

sthorsen
Typewritten Text
**EXAMPLE**



Commenter Date Received

Individuals

Bob Klosterman 3-Nov-15

Nathan Bertman 3-Nov-15

Jim Riley 3-Nov-15

Identical Comments

"I support the Valero Crude by Rail project"

Valero Crude by Rail Project 



Amy Million 

From: 
Sent: 
To: 
Subject: 

Dear Ms. Million, 

Bob Klosterman <user@votervoice.net> 
Friday, October 30, 2015 5:58 PM 
Amy Million 
I support the Valero Crude by Rail project 

I am writing to express my support for the Revised Draft Environmental Report (RDEIR) and for Valera's proposed 
Crude by Rail project. The City of Benicia and independent experts have spent nearly three years closely 
examining this project and developing a comprehensive Draft Environmental Impact Report and RDEIR. These 
analyses go well beyond California Environmental Quality Act (CEQA) requirements and illustrate the project's 
many benefits for Benicia. 

According to the City's DEIR, RDEIR and economic analysis, this project will: 

-Meet or exceed all federal standards regarding rail procedure and safety, including the extensive additional 
regulations now in place at the federal and state levels since Valero initially applied for the project in 2012. 
-Create 20 permanent, local, well-paying jobs and require an additional 120 skilled craftsman jobs during 
construction. 
-Improve air quality and help California and the Bay Area achieve its climate goals by reducing greenhouse 
gas emissions by 225,000 metric tons per year. 
-Operate under current air permits with the Bay Area Air Quality Management District (BAAQMD). 
-Provide $1.6 million in annual funding to the Office of Oil Spill Prevention and Response for inland spill 
preparedness. 
-Provide an additional $30,000 a month in property tax revenues to the City of Benicia to fund vital city services. 

According the DEIR and RDEIR, this project will NOT: 

-Create additional health risks associated with project emissions. 
-Increase the amount of crude that can be processed. 
-Change the type of crude the refinery processes. 
-Increase process emissions. 
-Change refinery operations. 

The reasons listed above are among the many reasons I continue to support Valera's Crude by Rail project. The 
Valero Benicia Refinery is a good neighbor to the community, a top employer and major benefactor to our 
region. It is also one of only two refineries in the state recognized by Cal/OSHA for its exemplary safety 
performance. Since 2006 the Benicia Refinery has continuously earned the VPP STAR Site designation for going 
above and beyond Cal/OSHA safety standards. Please consider the facts and approve this worthy project 
without further delay. 

Sincerely, 

Benicia Bob klosterman 
731 WI St 
Benicia, CA 94510 
boklost52@aol.com 
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