
September 23, 2008

CERTIFIED MAIL  |  RETURN RECIEPT REQUESTED
Also sent this date via e-mail to primary recipients.
 

The Honorable Dirk Kempthorne
Secretary of the Interior
U.S. Department of the Interior
1849 C Street, N.W.
Washington, D.C. 20240
exsec@ios.doi.gov
 

H. Dale Hall, Director
U.S. Fish and Wildlife Service
1849 C. Street, N.W.
Mailstop 3238 MIB
Washington, D.C. 20240
dale_hall@fws.gov

Re: Petition for a recovery plan and critical habitat designation for the gray wolf (Canis lupus) in the
Southern Rocky Mountains. 

Secretary Kempthorne and Director Hall: 

Please find attached a petition from WildEarth Guardians to the United States Fish and Wildlife
Service to develop and implement a recovery plan for the gray wolf in the Southern Rocky Mountains
pursuant to the federal Endangered Species Act, 16 U.S.C. 1531 § et seq. (ESA), and Section 553 of
the Administrative Procedure Act (APA), 5 U.S.C. 553.  We further request designation of critical
habitat for this species in the Southern Rockies, pursuant to provisions of the ESA, 16 U.S.C. §
1532(5)(B) and the APA, 5 U.S.C. § 553(e) and 50 C.F.R. § 424.14(d).

This cover letter precedes a copy of the petition and all appendices in both electronic (PDF) and hard
copy format (hard copy sent this date via certified mail/return receipt).

If you have any comments or questions, please do not hesitate to contact me at 303.573.4898 ext. 762. 

For the Wild, 

Rob Edward, Director 
Carnivore Recovery Program 
WildEarth Guardians

cc: Congressman Mark Udall
Tom Remington, Director, Colorado Division of Wildlife

Rob Edward
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APPENDIX A


MAPS & TABLES







Figure 1 - Ecoregional provinces of the Southern Rocky Mountains and surrounding region (data from USFS ECOMAP project. TNC)







Figure 2 - Average annual precipitation (data from PRISM project, Oregon State University, 1994)







Figure 3 - Major ecosystem types (data from The Nature Conservancy)







Figure 4 - Grazing allotments by animal unit month (data from USFS & BLM, 1999-2000)







Figure 5 - Study area in the U.S. southern Rocky Mountains, with public lands shown in gray and
candidate wolf reintroduction sites in black (from Carroll et al., 2003)
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Ecosystem Type  Area (ha)


% of
Southern
Rockies


Land Area


% on
Public
Lands


% in
Protected*


Lands


% in
Protected &
Roadless**


Lands
Montane & Intermontane Grasslands     
    -Intermontane - Foothill Grassland 833,883 5.0% 29.6% 4.3% 4.7%
    -Montane Grassland 497,947 3.0% 37.2% 1.2% 3.7%
Semi-Desert And Sagebrush Shrublands     
    -Winterfat Shrub Steppe 297,956 1.8% 60.5% 7.0% 10.7%
    -Sagebrush Steppe 246,608 1.5% 52.6% 2.2% 7.4%
    -Greasewood Flat & Ephemeral Meadow Complex 180,668 1.1% 24.1% 14.7% 14.8%
    -Mountain Sagebrush Shrubland 1,278,653 7.7% 50.1% 2.5% 7.2%
Mountane Shrublands     
    -Lower Montane - Foothills Shrubland 768,274 4.6% 54.8% 9.5% 19.6%
    -Gambel's Oak Shrubland 641,792 3.8% 42.8% 2.7% 12.3%
Pinyon - Juniper Woodland
    -Piñon-Juniper Woodland 1,783,025 10.7% 54.7% 4.7% 12.2%
    -Juniper Savanna 311,859 1.9% 55.1% 5.9% 17.5%
Ponderosa Pine Forest / Woodland 1,988,765 11.9% 50.2% 4.1% 11.6%
Douglas Fir - Ponderosa Pine Forest 384,613 2.3% 74.2% 3.9% 24.6%
Montane Mixed Conifer Forest 616,173 3.7% 61.7% 11.3% 22.7%
Lodgepole Pine Forest 1,108,372 6.6% 85.5% 14.3% 38.5%
Aspen Forest 1,336,616 8.0% 75.0% 9.2% 38.0%
Bristlecone - Limber Pine Forest & Woodland 77,994 0.5% 47.5% 5.8% 10.4%
Spruce-Fir Forest 2,252,216 13.5% 90.2% 30.1% 56.7%
Alpine Tundra     
    -Alpine Dry Tundra & Moist Meadow 679,726 4.1% 77.8% 34.1% 55.9%
    -Alpine Tundra - Dwarf Shrub & Fell Field 125,329 0.8% 97.4% 63.3% 84.3%
    -Alpine Substrate - Ice Field 206,537 1.2% 95.1% 70.5% 85.2%
Wetland/Riparian***     
    -Marsh & Wet Meadow 18,990 0.1% 40.7% 4.1% 12.2%
    -Upper Montane Riparian Forest & Woodland 19,063 0.1% 24.8% 5.7% 14.6%
    -Montane Riparian Shrubland 13,244 0.1% 51.0% 28.3% 31.6%
    -Foothills Riparian Woodland & Shrubland 5,283 0.0% 14.4% 0.1% 0.1%
Other Natural Landscape Features     
    -Active Sand Dune & Swale Complex 10,834 0.1% 92.0% 90.2% 90.2%
    -Stabilized Sand Dune 38,336 0.2% 44.0% 46.0% 46.0%
    -Montane - Foothill Cliff & Canyon 20,570 0.1% 70.8% 17.7% 46.1%
Heavily Altered / Human Dominated Landscapes     
    -Agriculture - Dry 59,146 0.4% 12.6% 0.4% 0.5%
    -Agriculture - Irrigated 741,714 4.4% 4.9% 1.5% 1.7%
    -Recent Clearcut Conifer Forest 68,721 0.4% 93.6% 0.1% 3.7%
    -Water 35,347 0.2% 65.4% 1.8% 2.7%
    -Urban 26,761 0.2% 19.5% 0.6% 2.6%
    -Mining Operation 4,951 0.0% 5.4% 0.0% 0.8%
Totals 16,679,966 100.0% 11.7% 24.8%
* All land management types that are within class one and two protected areas
** Includes all USFS inventoried roadless areas, and areas identified the Colorado Citizen’s Wilderness proposal.  Other areas
surveyed by conservationists are not included.
*** Due to small patch and narrow linear spatial characteristics, GAP Analysis mapping represents the region’s larger wetland
and riparian features and, thus, the area and percent values in this table should be considered incomplete. 


[Vegetation data source: Colorado Gap Analysis Program. 1998. Land cover Map. Scale: 1:100,000]
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ECOSYSTEMS AND NATURAL COMMUNITIES  


An ecosystem is an area where plants, animals and other organisms interact with each other and the non-
living physical environment, such as soil, rock, dead organic matter, air, and water. The distribution of
ecosystem types, as well as the plants and animals associated with each, depends on numerous environmen-
tal variables, including climate, water availability, topography, geology, soils, and elevation. Within the
Southern Rockies, elevation and aspect are particularly influential because these environmental factors
strongly affect temperature, moisture availability, wind, and solar radiation levels (Knight 1994). A latitudi-
nal gradient is also relevant to ecosystem distribution, as illustrated by the treeline elevation in the South-
ern Rockies, which varies from 3,200 meters (10,560 feet) in the north to 3,800 meters (12,540 feet) in the
south (Benedict 1991). 


Ecologists have long classified ecosystems into broad elevation life zones (e.g., Merriam 1890), and this
classification system remains in use today. In the Southern Rockies, the major life zones and their general
elevations include the alpine (>3200 meters, or 10,560 feet), subalpine (2,800 – 3,200 meters, or 9,240 –
10,560 feet), upper montane (2,300 – 2,800 meters, or 7,590 – 9,240 feet), and lower montane-foothills (<
2,300 meters, or < 7,590 feet) (Neely et al. 2001). The U.S. National Vegetation Classification system rep-
resents a much more standardized and hierarchical way to classify ecosystem types (Grossman et al. 1998).
The assemblages of species that occur together and are capable of interacting define native ecosystems or
communities. As described below, the Southern Rockies’ ecosystems include 14 major community types. 


Plains Steppe and Great Basin Grasslands (Lowland Grassland)


These grassland ecosystems generally occur below 1,800 meters (5,940 feet). Short-grass prairie and occa-
sional mixed-grass and tall-grass prairie communities occur along the eastern and northern edges of the
Southern Rockies (Benedict 1991, Knight 1994), while Great Basin semi-arid grasslands dominate lower el-
evations along the western fringes (Dick-Peddie 1993) (Figure 3, Appendix A). The eastern short-grass
prairie can be characterized by blue grama  (Bouteloua gracilis), buffalograss (Buchloe dachtyloides), western
wheatgrass (Pascopyrum smithii), needle-and-thread grass (Hesperostipa comata), galleta (Pleuraphis jamesii), Indian
rice grass (Achnatherum hymenoides), fringed sage (Artemisia frigida), yucca (Yucca glauca), prickly pear cactus
(Opuntia polyacantha), and cholla (Cylindropuntia imbricata) (Benedict 1991, Knight 1994). Semi-arid grasslands
of the west slope are dominated by many of the same grass species, as well as Poa spp., black grama
(Bouteloua eriopoda) in the southwest, and many shrub species (Shinneman 2006, Dick-Peddie 1993). 


These grassland ecosystems, although peripheral to the Southern Rockies, have many close ecological ties
to the Southern Rockies due to animal migration, water and nutrient flows, and other natural processes. Be-
cause snowfall is relatively light and snowpack intermittent, elk from the mountains historically wintered in
these lower elevations (Fitzgerald et al.1994). Top predator species such as wolves and grizzly bears (Ursus
arctos) greatly influenced ungulate and other prey species populations. Burrowing by prairie dogs (Cynomys
sp.) improved nutrient cycling and increased habitat diversity (Whicker and Detling 1988). Large prairie
dog towns and heavy grazing by bison (Bison bison) provided habitat for numerous other species, such as
western rattlesnakes (Crotalus viridis), burrowing owls (Athene cunicularia), black-footed ferrets (Mustela nigripes),
badgers (Taxidea taxus), ferruginous hawks (Buteo regalis), and mountain plovers (Charadrius montanus) (Miller at
al. 1996). Fire also regulated these ecosystems (Knight 1994). 


People have largely converted the grassland ecosystems that surround the eastern portion of the Southern
Rockies to farmland and urban landscapes (Dick-Peddie 1993, Shinneman et al. 2000, Theobald 2000).
Where large grassland areas still exist, they are subjected to heavy livestock grazing and fire exclusion (The
Nature Conservancy 1998), which alters plant composition and may lead to invasion by woody plant
species (Wright and Bailey 1982). Spreading non-native plants, such as leafy spurge (Euphorbia esula) and
knapweed (Acosta diffusa), are problematic in many areas (Sebastian and Beck 2000). Settlers extirpated wild
bison, grizzly bears, wolves, and black-footed ferrets from the grasslands surrounding the Southern Rockies
(Fitzgerald et al. 1994, Shinneman et al. 2000). Human activity has reduced black-tailed prairie dogs (C. lu-
dovicianus) to 1-8% of their original geographic range (Mac et al. 1998, ), and elk and antelope (Antilocapra
americana) are scarce or absent from many areas (Fitzgerald et al. 1994). 


Bison were an important historic foundation species of the prairie (playing a vital ecological role through
numerical abundance), and their grazing, wallowing, and effects on cycling of nutrients greatly affected
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grassland diversity (Detling 1998, Truett et al. 2001). Prairie dogs are a keystone species, and thus their
role in regulating the ecosystem is often disproportionately larger than their biomass (Miller et al.
1996, 2000, Detling 1998, Kotlier et al. 1999). In contrast to grasslands that lack prairie dogs, those in-
habited by prairie dogs provide a greater mosaic of vegetation structure, an abundance of prey for
predators, burrow systems, and altered ecological processes (increased nitrogen content, succulence,
and productivity of plants, and macroporosity of soil). Such changes enrich patterns of species diversity
for prairie plants and animals (Coppock et al. 1983, Ingham and Detling 1984, Whicker and Detling
1988, Outwater 1996, Detling 1998). The matrix of ecological boundaries created by prairie dog
colonies improves overall diversity of life across a landscape (sensu Paine 1966). Without prairie dogs
and bison, the prairie is ecologically poorer.


Semi-Desert and Sagebrush Shrublands


Semi-desert and sagebrush shrubland types collectively comprise about 12% of the Southern Rockies
land area (Figure 3, Appendix A). Semi-desert shrublands are generally found on poorly-drained saline
soils below 2,300 meters (7,590 feet), where summer temperatures are hot and precipitation is sparse.
These ecosystems cover an extensive area in the San Luis Valley, Upper Rio Grande Basin, and portions
of the lower Gunnison Valley. Dominant species include greasewood (Sarcobatus vermiculatus), four-
winged saltbush (Atriplex canescens), shadscale (Atriplex confertifolia), and winterfat (Krascheninnikovia lanata)
(Dick-Peddie 1993, Knight 1994). Sagebrush shrublands at low- to mid-elevations are often dominated
by basin big sagebrush (Artemisia tridentata ssp. tridentata) or Wyoming big sagebrush (A. tridentata ssp.
wyomingensis), while mountain sagebrush (A. tridentata var. vaseyana) communities often occur in cooler,
more mesic, mid-elevations up to 3,000 m (9,900 feet) (Knight 1994). Sagebrush shrublands can form
extensive matrices covering hundreds of thousands of hectares, especially in major valleys and inter-
mountain basins, such as the Gunnison Basin, North Park, Middle Park, and the San Luis Valleys in
Colorado (Neely et al. 2001).


Although the disturbance history is not well known, fires historically played a role in sagebrush shrub-
land ecology. Fire regimes of sagebrush shrublands are poorly understood (Welch 2005), but fire rota-
tion may greatly exceed 100 years depending on ecosystem conditions (Baker 2006). Historically sage-
brush steppe was probably a mosaic of productive grasses, other shrub cover, and sagebrush patches of
varying ages because site conditions encouraged a variable mix of species and because sagebrush is easi-
ly killed by fire (Knight 1994). Other leading disturbance agents include heavy herbivory by grasshop-
pers, bison, and ungulates, as well as severe drought. Shrublands are important winter range for native
deer (Odocoileus spp.) and elk, which provide prey for native predators such as coyote (Canis latrans),
puma (Puma concolor), grizzly bear, and wolves (Fitzgerald et al. 1994, Bennett 1994). 


Various shrubland ecosystems contain significantly different plant and animal communities due to the
variable broad ranges in environmental conditions; however, common plant species include rabbitbrush
(Chrysothamnus spp.), black sagebrush (Artemisia nova), snakeweed (Gutierrezia sarothrae), and bitterbrush
(Purshia tridentata). Lightly grazed sagebrush shrublands may have well-developed and diverse grass and
forb cover (Shinneman 2006). Representative animal species may include western rattlesnake, collared
lizard (Crotaphytus collaris), ferruginous hawk, golden eagle (Aquila chrysaetos), greater sage-grouse (Centro-
cercus urophasianus), sage sparrow (Amphispiza belli), green-tailed towhee (Pipilo chlorurus), loggerhead shrike
(Lanius ludovicianus), coyote, pronghorn antelope, elk, mule deer (O. hemionus), desert cottontail (Sylvila-
gus audubonii), black-tailed jackrabbit (Lepus californicus), Wyoming ground squirrel (Spermophilus elegans),
deer mouse (Peromyscus maniculatus), white-tailed prairie dog (C. leucurus), and Gunnison’s prairie dog (C.
gunnisoni). 


In many areas, livestock overgrazing has decreased palatable forbs and grasses favored by wildlife and
increased unpalatable or woody plants (Knight 1994). Other human disturbances include removal of
sagebrush to increase grazing forage for livestock, conversion to cropland, oil and gas exploration, and
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invasion of non-native species, especially cheatgrass (Bromus tectorum) (Welch 2005, Shinneman 2006).
Because shrubs catch blowing snow that eventually melts and replenishes water in the soil, loss of sage-
brush from these ecosystems can also result in lowered soil moisture (Knight 1994). 


These perturbations have collectively replaced, fragmented, and altered the species composition and
disturbance regimes of sagebrush communities, causing population declines of shrubland dependent
species, especially sage-grouse, sage sparrow, Brewer’s sparrow (Spizella breweri), white-tailed prairie dog,
and Gunnison’s prairie dog (Braun 1995, Johnson and Braun 1999, Knick and Rotenberry 1995, Neely
et al. 2001). Bison, grizzly bear, and wolves were extirpated from this community type (Fitzgerald et al.
1994). Sagebrush shrublands are poorly represented in Southern Rockies’ protected areas, with less than
3% of their total area in National Parks, Research Natural Areas, and Wilderness Areas (Table 1, Ap-
pendix A). 


Piñon-Juniper Woodland


Piñon-juniper woodlands cover extensive areas in the southern and western foothills and mesa tops, and
comprise almost 13% of the Southern Rockies (Table 1 & Figure 3, Appendix A). They generally occur
between 1,700-2,400 meters (5,610-7,920 feet), but occasionally reach 2,700 meters (8,910 feet) on
south-facing slopes. Piñon-juniper woodlands may occur as sparsely wooded savannas within lower ele-
vations, due to hot and dry conditions (Dick-Peddie 1993). In contrast, at their upper elevational range,
these woodlands occur in relatively dense stands, often interspersed with ponderosa pine (Pinus pon-
derosa), Gambel oak (Quercus gambelii), and other mixed-mountain shrub species. In northern New Mexi-
co, periodic fires may have thinned these woodlands and prevented their encroachment into neighbor-
ing grasslands and shrublands (Allen 2002). However, in western Colorado, infrequent, large crown
fires characterize both the modern and historical fire regime of piñon-juniper woodlands (Floyd et al.
2000, Shinneman 2006).


Piñon-juniper woodlands have variable species compositions depending on site conditions, but domi-
nant species include piñon pine (P. edulis), one-seed juniper (Juniperus monosperma), Utah juniper (J. os-
teosperma), and Rocky Mountain juniper (J. scopulorum). Juniper is widespread while piñon pine reaches its
northern terminus in an isolated patch along the Colorado-Wyoming border. Alligator juniper (J. dep-
peana) occurs only in the very southern portions of the Southern Rockies. Grassy understories often in-
clude June-grass (Koeleria macrantha), mutton grass (Poa fendleriana), and Indian rice grass, and numerous
cacti and shrub species also inhabit these ecosystems. Animal species include eastern fence lizard
(Scaloporus undulatus), tree lizard (Urosaurus ornatus), collared lizard, golden eagle, piñon jay (Gymnorhinus
cyanocephalus), bushtit (Psaltriparus minimus), blue-gray gnatcatcher (Polioptila caerulea), coyote, gray fox
(Urocyon cinereoargenteus), puma, ring-tail (Bassariscus astutus), Townsend’s big-eared bat (Plecotus townsendii),
pallid bat (Antrozous pallidus), mule deer, Mexican woodrat (Neotoma mexicana), rock squirrel (Spermophilus
variegatus), Colorado chipmunk (Tamias quadrivittatus), and piñon mouse (Peromyscus truei). Piñon nuts were
an important food source for many species of wildlife, as well as for native peoples. 


Overgrazing by livestock in these semi-arid ecosystems reduced plant species diversity and forage for
wildlife, decreased biological soil crust cover, and exposed easily eroded soils (Shinneman 2006, Flores
1996). "Chaining" and “roller-chopping” (practices in which large tracts of piñon-juniper woodlands are
mechanically removed to improve land for domestic livestock) eliminated large areas of old piñon-ju-
niper woodlands (Shinneman 2006). Collectively, grazing, mechanical removal, harvesting trees for
firewood, and housing development have greatly altered and fragmented piñon-juniper woodlands in
some areas. Less than 6% of the total area of piñon-juniper woodlands/savannah fall within protected
lands (Table 1, Appendix A). 
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Mountain Shrubland


Mountain shrublands make up slightly more than 8% of the ecoregion (Table 1 & Figure 3, Appendix
A). These shrubland ecosystems typically occur below montane forests and above grasslands, semi-
desert shrublands, or piñon-juniper woodlands. They mostly develop in semi-arid sites between 1,700-
2,600 meters (5,610-8,580 feet), although they may occur over 3,000 meters (9,900 feet) on south-fac-
ing slopes (Benedict 1991). Gambel oak shrublands (and sometimes the woodland form) dominate the
western and southern portions the Southern Rockies, while mountain mahogany (Cercocarpus montanus)
dominates the semi-arid foothills in the northeastern portion of the ecoregion. These ecosystems can
form extensive cover in portions of the Southern Rockies. 


Other common mountain shrubland species include serviceberry (Amelanchier utahensis), snowberry (Sym-
phoricarpus oreophilus), skunkbrush (Rhus trilobata), bitterbrush, ninebark (Physocarpus spp.), and several cur-
rant species (Ribes spp.). These shrublands can be quite dense, with little understory, but can also contain
well-developed herbaceous understories of bunchgrasses and forbs. Characteristic animals include east-
ern fence lizard, western rattlesnake, Virginia’s warbler (Vermivora virginiae), scrub jay (Aphelocoma californi-
ca), rufous-sided towhee (Pipilo erythrophthalmus), rock wren (Salpinctes obsoletus), sharp-shinned hawk (Ac-
cipiter striatis), red fox (Vulpes vulpes), ringtail, bobcat (Lynx rufus), western small-footed myotis (Myotis cili-
olabrum), mule deer, bushy-tailed woodrat (Neotoma cinerea), brush mouse (Peromyscus boylii), mountain
cottontail (Sylvilagus nuttalli), and rock squirrel. Due to their mid-elevation position, these shrublands of-
ten contain a mix of species from different elevation life zones, and several species, such as elk and deer,
winter here (Benedict 1991).


Fire encourages the establishment and spread of mountain shrubland ecosystems as an early seral stage
(Floyd-Hannah et al. 1996), although evidence suggests they may also exist as stable communities
where dry climate and soil conditions permit (Benedict 1991). Mountain mahogany leaves are heavily
grazed by native herbivores, and oak acorns represent an important food source for deer, elk, wild
turkey (Meleagris gallopavo), squirrel (Sciurus spp.), black bear (Ursus americanus), and many other wildlife
species (Knight 1994, Fitzgerald et al. 1994). Many shrublands also support a rich array of insects,
which attracts high numbers of insectivorous birds and reptiles (Floyd-Hannah et al. 1996). 


Development in mountain shrubland ecosystems reduces and fragments thousands of hectares of valu-
able wildlife habitat, especially along Colorado’s eastern slope and portions of the San Juan Mountains
(Shinneman et al. 2000). Fire exclusion may eventually alter community composition and displace na-
tive shrub communities by trees. In addition, if not regenerated by fire, Gambel oak woodlands become
senescent and acorn production declines. Montane shrublands are not well represented in protected ar-
eas, especially oak woodlands for which less than 3% of the total area exists in nature preserves in the
Southern Rockies (Table1, Appendix A). 


Ponderosa Pine Forest and Woodland


Ponderosa pine forests cover about 12% of the ecoregion and are found throughout the Southern Rock-
ies in the foothill and montane zones between 1,500-2,700 meters (4,950-8,910 feet) (Table 1 & Figure
3, Appendix A). Ponderosa pine forests exist in variable patch sizes, but form large matrix communities
along the eastern slope of the Front Range and the foothills of Southern Colorado and Northern New
Mexico. Ponderosa pine forests may extend above 2,700 meters (8,910 feet) where thin, dry soils occur
on south facing slopes. These forests are typically dry and warm, and snowfall usually does not accumu-
late appreciably during the winter. At lower elevations ponderosa pine trees are often interspersed with
piñon, juniper and oak; in other cases open ponderosa pine woodlands dominate the landscape at the
grassland-foothill ecotone (Dick-Peddie 1993, Knight 1994). At higher elevations and in mesic sites,
stands can grow fairly dense, often mixing with other tree species such as lodgepole pine (P. contorta),
Douglas-fir (Pseudotsoga menziesii), or aspen (Populus tremuloides) (Veblen et al. 2000).
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Frequent, low-intensity, surface fires historically thinned many ponderosa pine forests, maintaining fire-
adapted trees that grow old and large in open, park-like conditions with grassy understories (Veblen
and Lorenz 1991, Covington and Moore 1994). However, in some locations in the Southern Rockies,
especially on cooler, more mesic (wet) sites, denser stands of ponderosa pine also experienced a mixed-
fire regime with occasional stand-replacing fires (Veblen et al. 2000, Brown et al. 1999). Ponderosa pine
is also susceptible to mountain pine beetle (Dendroctonus ponderosae) outbreaks that are capable of killing
trees over large areas (Schmid and Mata 1996).


Understory shrubs include kinnikinnik (Arctostaphylos uva-ursi), common juniper (J. communis), mountain
mahogany, wax currant (R. cereum), and numerous herbaceous plants and other understory plants such as
mountain muhly (Muhlenbergia montana), Arizona fescue (Festuca arizonica) Oregon grape (Berberis repens),
wild geranium (Geranium spp.), pasque flower (Pulsatilla patens), and mountain ball cactus (Pediocactus simp-
sonii). Ponderosa pine forests also support a rich diversity of animals. Characteristic species include the
bullsnake (Pituophus melanoleucus), eastern fence lizard, flammulated owl (Otus flammeolus), Mexican spot-
ted owl (Strix occidentalis lucida), Lewis’ woodpecker (Melanerpes lewis), Williamson’s sapsucker (Sphyrapicus
thyroideus), Steller’s jay (Cyanocitta stelleri), mountain bluebird (Sialia currucoides), western tanager (Piranga
ludoviciana), red crossbill (Loxia curvirostra), pygmy nuthatch (Sitta pygmaea), mountain chickadee (Poecile
gambeli), solitary vireo (Vireo solitarius), black bear, puma, long-eared myotis (M. evotis), mule deer, porcu-
pine (Erethizon dorsatum), Abert’s squirrel (S. aberti), least chipmunk (T. minimus), and golden mantled
ground squirrel (S. lateralis). 


Historical and current logging has substantially reduced old-growth ponderosa pine forest; probably
less than 5% remains in the Southern Rockies (Shinneman et al. 2000), and most remain in small, isolat-
ed patches (Romme et al. 2000). Old forest conditions support species such as Abert’s squirrel and Mex-
ican spotted owl. In many areas, logging, fire exclusion, and over-grazing have created dense stands of
younger trees susceptible to unnaturally large catastrophic fires and insect outbreaks (Harrington and
Sackett 1992, Romme et al. 2000). Managers have used thinning techniques (logging) and prescribed
fire to return some of these altered forests to their pre-settlement structures and composition (Coving-
ton and Moore 1994), especially around residential development (US Forest Service 1997a, City of
Boulder 1999, US Forest Service 2000). However, this approach may be ecologically misguided in areas
where naturally dense forests exist that historically experienced stand-replacing fires, especially in more
mesic sites and at upper elevations (Veblen et al. 2000; Brown et al. 1999).


Restoration efforts should retain remaining old trees, not increase road densities or edge habitat, main-
tain interior habitat, roadless areas, and landscape structures, and prevent the spread of weedy species
(Shinneman and Baker 2000, Romme et al. 2000). Other significant human impacts in ponderosa pine
forests include heavy recreation, extensive road-networks, and rapidly increasing residential develop-
ment that significantly fragment ponderosa pine forest habitats in places such as Colorado’s Front
Range foothills (Shinneman et al. 2000, Theobald 2000). Only about 4% of these forests fall under pro-
tected land status in the ecoregion (Table 1, Appendix A).


Douglas-Fir Forest


Douglas-fir forests cover just over 2% of the ecoregion. They generally occur between 1,700-2,700 me-
ters (5,610-8,910 feet), usually on cooler and less xeric (dry) sites than ponderosa pine, although the
two trees often occur together (Goldblum and Veblen 1992) (Table 1 & Figure 3, Appendix A). At the
higher end of its elevation range, and on north-facing slopes at lower elevations, Douglas-fir forms pure
stands, but it can also be found with blue spruce (P. pungens), aspen, Rocky Mountain juniper, and lodge-
pole pine  (Benedict 1991). In the southern part of the ecoregion Douglas-fir is often codominant with
white fir (Abies concolor) (Dick-Peddie 1993). On exposed ridgetops and dry south-facing slopes, Dou-
glas-fir can exist in open, park-like stands along with limber pine (P. flexilis) and bristlecone pine (P. aris-
tata) (Benedict 1991, Knight 1994). 
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Historically, low intensity, surface fires occurred regularly, maintaining stands of large, old, fire-tolerant
trees on drier sites (Goldblum and Veblen 1992). In addition, occasional large, stand-replacing fires oc-
curred when sufficient moisture supported dense forests stands (Veblen et al. 2000). Other disturbance
agents include outbreaks of western spruce budworm (Choristoneura occidentalis) and Douglas-fir bark bee-
tles (Dendroctonus pseudotsugae) that are capable of defoliating or killing Douglas-fir trees over large areas
(Schmid and Mata 1996).


Several shrub species commonly thrive in these forests, including common juniper, ninebark, snowber-
ry, Rocky Mountain maple (Acer glabrum), mountain lover (Paxistima myrsinites), thimbleberry (Rubacer
parviflorus), Oregon grape, and wild rose (Rosa woodsii). Herbaceous understories often include heart-
leaved arnica (Arnica cordifolia) and Arizona fescue (F. arizonica), while in more moist locations, especially
north-facing slopes and narrow ravines, numerous species of lichen and mosses, such as old man’s beard
(Usnea hirta), are found. Animal species are similar to other montane coniferous forests and characteristic
species include northern goshawk (A. gentilis), hairy woodpecker (P. villosus), hermit thrush (Catharus gut-
tatus), dark-eyed juncos (Junco hyemalis), ruby-crowned kinglet (Regulus calendula), elk, pine squirrel (Tami-
asciurus hudsonicus), and red-backed voles (Clethrionomys gapperi). 


Similar to ponderosa pine, these Douglas-fir forests suffer from the effects of historical fire-suppression,
logging and loss of old-growth habitat, heavy recreation, and residential development. Only about 4%
of these forests are protected in the ecoregion (Table 1, Appendix A).


Lodgepole Pine Forest


Lodgepole pine forests cover almost 7% of the Southern Rockies, mainly in the northern half of the
ecoregion, where they are extensive (Table 1 & Figure 3, Appendix A). These forests exist in only scat-
tered patches in southern Colorado and not at all in northern New Mexico (except where planted).
They generally occur between 2,600 and 3,000 meters (8,580-9,900 feet). Lodgepole pine grows under
a variety of conditions, but can dominate on cool, dry sites, while co-occurring with spruce and fir on
more mesic sites (Knight 1994). Snowfall can be heavy, while summers are typically warm with inter-
mittent periods of drought (Knight 1994). 


Lodgepole pine forests are often considered “pioneer” forests (an early successional stage), though re-
curring stand-replacing fires may perpetuate lodgepole pine over other tree species that grow in the un-
derstory of mature stands, such as Douglas-fir, Engelmann spruce, and subalpine fir (Knight 1994). Fires
vary in size and intensity in these forests, creating spatially complex mosaics of mature forest and rela-
tively open, uneven-aged stand conditions. Id. Infrequent, stand-replacing fires can burn tens of thou-
sands of hectares, and subsequent regeneration, especially when coupled with phenotypes (i.e., the
physical form of the trees) possessing serotinous cones (cones that remain closed until opened by in-
tense heat). It often results in large patches of even-aged forest with dense stands of sapling/pole-sized
trees (Kipfmueller and Baker 2000). Foresters sometimes refer to such forest stands as “doghair” stands.


Other disturbance agents capable of destroying stands over large expanses include windthrow, moun-
tain pine beetle, and disease (Knight 1994, Schmid and Mata 1996). Dwarf mistletoe (Arceuthobium amer-
icanum), a parasitic plant, can deform and reduce vigor in individual trees over large areas, but it also
provides an important source of food, cover, and nesting sites for many species of wildlife (Kipfmueller
and Baker 1998).


Because these forests often grow as dense stands with closed-canopy conditions, lodgepole understory
may be sparse, however, common forbs and shrubs include heart-leaved arnica (Arnica cordifolia), pine
drops (Pterospora andromedea), grouse whortleberry (Vaccinium scoparium), wild rose, kinnikinnik, common
juniper, and buffaloberry (Shepherdia canadensis). Typical animal species include sharp-shinned hawk,
Steller’s jay, gray jay (Perisoreus canadensis), white-breasted nuthatch (Sitta carolinensis), Clark’s nutcracker
(Nucifraga columbiana), downy woodpecker (P. pubescens), brown creeper (Certha americana), pine siskin
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(Carduelis pinus), ruby-crowned kinglet, elk, black bear, pine marten, mule deer, pine squirrel, southern
red-backed vole, and porcupine. 


Clear-cutting and shelterwood logging combined with extensive road building have severely fragment-
ed many of the ecoregion’s lodgepole pine forests (Reed et al. 1996) (see spruce-fir forests, below, for
associated ecological affects). In addition, people continue to build homes in and near these mountain
forest habitats, restricting the ability of land managers to allow naturally-occurring, large fires to burn
unimpeded. The presence of these homes leads to fire-exclusion, controlled burns, and thinning, all of
which may alter forest composition, structure, and natural function. Roughly 14% of these forests exist
on protected lands (Table 1, Appendix A), but it is unlikely that the full diversity of the lodgepole pine
community is represented within these areas. In addition, many protected forests are not large enough
or not sufficiently connected to provide for unimpeded natural disturbance regimes or movement of na-
tive species. 


Aspen Forest


Aspen forests comprise 8% of the Southern Rockies (Table 1 & Figure 3, Appendix A). Aspen forests are
deciduous and are most common between 2,400-3,000 meters (7,920-9,900 feet). They can occur under
a wide range of site conditions, but forests of large aspen trees generally occur in moist, cool sites. As-
pen forests often occur in small groves, but can form extensive stands, especially in the southern and
western portions of the Southern Rockies.


Aspen often become established after a disturbance, such as fire, destroys other forest types. They typi-
cally precede (in successional stage) conifer species, such as Douglas-fir and spruce, which grow in the
understories of shady aspen groves (Romme et al. 2001). However, under certain conditions, aspen also
form stable, pure stands and sometimes maintain old forest conditions for long periods (Knight 1994,
Romme et al. 2001). Aspen are susceptible to fungal diseases, numerous leaf-eating insects, and her-
bivory by deer and elk, which eat aspen bark and sprouts. 


Species composition varies depending on site conditions, but in drier areas stands often contain grassy
understories, while under moist conditions thick forb cover develops, including lupine (Lupinus spp.),
columbine (Aquilegia spp.), wild geranium, heartleaf arnica, and cow parsnip (Heracleum sphondylium). As-
pen forests support a rich diversity of mammals and birds (DeByle 1985), including black bear, silver-
haired bat (Lasionycteris noctivagans), elk, mule deer, deer mouse, western jumping mouse (Zapus princeps),
northern pocket gopher (Thomomys talpoides), long-tailed vole (Microtus longicaudus), and masked shrew
(Sorex cinereus). Beaver (Castor canadensis) depend on aspen for food and dam-building material and in turn
create habitat for a multitude of wildlife. Dozens of songbird species prefer to nest in old aspen forests,
including many cavity nesting birds like the red-naped sapsucker (Sphyrapicus nuchalis), purple martin
(Progne subis), mountain bluebird, violet green swallow (Tachycineta thalassina), white-breasted nuthatch,
and house wren (Troglodytes aedon). Aspen forests also support a rich diversity of insects (Jones et al.
1985).


Increased interest in logging old aspen forests, especially along Colorado’s western slope, may eliminate
large stands of mature trees upon which many cavity nesting songbirds, hawks, and owls depend (Finch
and Ruggiero 1993). Livestock grazing, over-grazing by elk, and fire exclusion may negatively alter
stand structure, composition, and regeneration (Knight 1994). For instance, over-grazing on winter
range by overabundant elk herds—perhaps exacerbated by the sedentary behavior of elk in the absence
of coursing predators (e.g., wolves)—in portions of Rocky Mountain National Park in Colorado con-
tributes to the mortality of established aspen trees and prevents the regeneration of new stands (Baker
et al. 1997, Singer and Zeigenfuss 2002). Increased levels of residential development fragment and re-
place these forests (Theobald 2000). Roughly 9% of aspen forests are protected in the ecoregion (Table
1, Appendix A).
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Mixed Conifer and General Conifer Forest


Broadly defined, “mixed conifer” forests occur throughout the Southern Rockies, but ecologists apply
the term to the ecoregion’s middle elevation (2,270-2,880 meters, or 7,491-9,504 feet) conifer stands in
southern Colorado and northern New Mexico (Figure 3, Appendix A). These mixed-conifer stands cov-
er about 4% of the ecoregion (Table 1, Appendix A) and a variety of tree species dominate them, in-
cluding ponderosa pine, white fir, Douglas fir, southwestern white pine (P. strobiformus), bristlecone pine,
corkbark fir (A. lasiocarpa var. arizonica), Engelmann spruce, and blue spruce.


Mixed conifer forests generally grow under more mesic and cool conditions than do foothill forests, but
site conditions dictate the various combinations and abundances of conifer species that may occur. Due
to their relatively mesic conditions and dense stand structures, these forests were historically subjected
to less frequent fires than many ponderosa pine forests and experienced a mixed fire regime with occa-
sional stand-replacing fires (Jamieson et al. 1996, Dick-Peddie 1993). Western spruce-budworm and
Douglas-fir bark beetle infections also create significant disturbances (Lynch and Swetnam 1992).
Mixed-conifer forests make up about 4% of the Southern Rockies’ land area. 


Because of the diversity of conifers, understory plant species and animal composition are also diverse
and somewhat characteristic of other conifer forests. Animal species include Abert’s squirrel, pine squir-
rel, white-breasted nuthatches, pygmy nuthatches, Mexican spotted owl, black bear, mule deer, and
porcupine. 


Similar to ponderosa pine and Douglas-fir forests, these forests suffer from the effects of fire-exclusion,
logging, road-building, loss of old-growth habitat, heavy recreation, and residential development.
Roughly 11% of these forests are protected (Table 1, Appendix A).


Montane and Intermontane Grasslands 


Montane and intermontane grasslands make up about 8% of the ecoregion (Table 1, Appendix A).
While these ecosystems are generally dominated by grasses, they may also blend with sagebrush com-
munities or transition into meadows with significant forb cover (Table 1, Appendix A). Montane grass-
lands are generally found as small- to medium-sized patches among forest ecosystems (Figure 3). Fires
and other disturbances create some meadows, but most likely result from dry, cold growing conditions
and nutrient-poor soils that won’t support trees (Knight 1994). Intermontane grasslands typically occur
in large mountain valleys and mountain “parks” characterized by dry and cold growing conditions.
These grasslands can cover hundreds of square kilometers, such as in South Park, North Park, the Wet
Mountain Valley, and along the fringes of the San Luis Valley in Colorado. 


Plant species include bunch grasses such as Idaho fescue (F. idahoensis) and Thurber fescue (F. thurberi) in
the north and Arizona fescue to the south. Other common grasses include Junegrass, needle-and-thread
grass, oat grass (Danthonia spp.), and mountain muhly. Many shrubs are common, especially big sage-
brush species. These grasslands also often contain numerous wildflowers, such as lupine, yarrow (Achil-
lea lanulsa), golden banner (Thermopsis montana), Colorado Loco (Oxytropis lambertii), paintbrush (Castilleja
spp.), harebell (Campanula spp.), false hellbore (Veratrum tenuipetalum), penstemon (Penstemon spp.), and
monkshood (Aconitum columbianum). Bird species include red-tailed hawk (Buteo jamaicensis), mountain
bluebird (Sialia currucoides), and broad-tailed humming bird (Selasphorus platycercus). South Park’s large
grassland patches support breeding populations of the imperiled mountain plover.


These grassland ecosystems often provide important forage for mammal species such as elk, mule deer,
and pronghorn antelope. Carnivore species include coyotes, badgers, and historically a heavy presence
of wolves (Fitzgerald et al.1994, Bennett 1994). Other species include Nuttall’s cottontail (S. nuttallii),
white-tailed jackrabbit (L. townsendii), northern pocket gopher, long-tailed vole, masked shrew, Gun-
nison’s prairie dog, white-tailed prairie dog, and Wyoming ground squirrel. Fire and drought were likely
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the major natural disturbances in these ecosystems, and many grasslands evolved with herbivory by bi-
son, elk, deer and antelope (Neely et al. 2001, Knight 1994). 


Intermountain grasslands probably did not evolve under heavy herbivory by bison as occurred on the
Great Plains. Heavy livestock grazing thus has reduced forage cover and production in many areas. It
has also spread non-native weeds such as Kentucky bluegrass (Poa pretensis), Russian thistle (Salsola tra-
gus), and cheatgrass (Fleischner 1994, Weddell 1996). Off-road vehicles (ORVs), housing development,
and fire-exclusion have also degraded and fragmented intermountain grasslands. Only about 4% of in-
termontane and 1% of montane grasslands are protected, leaving these grasslands poorly represented in
protected areas (Table 1, Appendix A). 


Limber Pine and Bristlecone Pine Forest


The area of unique limber and bristlecone pine forests amounts to less than 1% of the ecoregion (Table
1, Appendix A). They are usually found from 2,300 meters (7,590 feet) up to tree-line and grow under
harsh conditions, typically on high attitude south-facing slopes, exposed ridges, and rocky outcrops
with windy, dry, sunny exposures, and short growing seasons (Figure 3, Appendix A) (DeVelice et al.
1986, Benedict 1991, Dick-Peddie 1993). Limber pine and bristlecone pine occur in relatively pure
stands, together as codominants, or with other conifer species, such as Douglas-fir, lodgepole pine, En-
gelmann spruce, and subalpine fir. Bristlecone pine is found mainly in the southern two-thirds of the
ecoregion. While these forests do not typically form extensive stands, they do occasionally occur in
large patches in places such as the Sangre de Cristo Mountains. Due to severe growing conditions,
these forests are often sparse with open canopies. Bristlecone pine trees can live longer than 2,000 years
in the Southern Rockies (Benedict 1991).


The understory is generally sparse, with herbaceous species such as Arizona fescue, Junegrass, mountain
muhly, sedum (Amerosedum lanceolatum), and common alumroot (Huechera parvifolia), and characteristic
shrubs like serviceberry, common juniper, and sticky laurel. Limber pine seeds are an important food
source for Clark’s nutcrackers (Nucifrago columbiana) and gray jays. Clark’s nutcrackers are important to
the reproduction and dispersal of 5-needle pines. In general, animal species found in these forests are
similar to those of other mountain coniferous forests. 


Many of these forests remain relatively unaltered, as the trees are generally undesirable for timber due
to twisted wood grain, and the rugged, inhospitable sites make development and road-building difficult.
However, in some areas over-grazing has denuded fragile soils and the already sparse understory plant
communities. Roughly 6% of these forests are protected in the ecoregion (Table 1, Appendix A). Blis-
ter-rust, a disease of 5-needled pines, has now arrived from Eurasia and some researchers anticipate that
it will eliminate 98% of the 5-needled pines before it runs its course (J. Mitten, personal communica-
tion). The mutualistic relationship between jays and 5-needled pines may be broken during this decline,
costing the pines their method of dispersal and the jays and nutcrackers a critical food source. 


Engelmann Spruce & Subalpine Fir Forests


“Spruce-fir” forests often form vast, high-elevation matrix communities, and make up nearly 14% of the
Southern Rockies (Table 1 & Figure 3, Appendix A). They generally occur from 2,700 meters (8,910
feet) to treeline on cool, moist sites where most precipitation falls as abundant snow. Found throughout
the ecoregion, Engelmann spruce and subalpine fir sometimes grow in pure stands of either species, but
are typically co-dominant tree species (Knight 1994). In other cases, spruce-fir forests are interspersed
with lodgepole pine, limber pine, or aspen. Stunted, windswept versions of these forests, called
krummholz, intersperse with alpine tundra at treeline.


Spruce-fir forests experience stand-replacing crown fires, capable of burning thousands of hectares, ev-
ery few hundred years on average. In addition, spruce beetle (D. rufipennis) outbreaks can kill most ma-
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ture trees over hundreds of thousands of hectares (Baker and Veblen 1990, Veblen et al. 1994, Schmid
and Mata 1996, Kipfmueller and Baker 2000). Windthrow and wood-rotting fungi are other notable
disturbance agents. Due to variability in disturbance, pre-settlement spruce-fir forest landscapes proba-
bly contained a complex mosaic of various stand ages, including substantial old-growth (Rebertus et al.
1992). Old-growth forest stands have complex forest structures with various sized standing trees and
numerous downed dead trees, with many large canopy trees 300-500 years old (Veblen et al. 1994,
Mehl 1992). Large patches of old-growth forests probably existed in many locations prior to Euro-
American settlement, especially in topographically sheltered locations less susceptible to windthrow
and fire (Knight and Reiners 2000).


Depending on stand conditions, understory vegetation ranges from dense to open and patchy, and in-
cludes blueberry (Vaccinium spp.), common juniper, mountain lover, wild rose, and numerous herbs, such
as heart-leaved arnica, wood nymph (Moneses uniflora), and lady’s slipper (Cypripedium fasciculatum). Repre-
sentative animal species include boreal owl (Aegolius funereus), northern goshawk (A. gentilis), mountain
chickadee, red crossbill, blue grouse (Dendragapus obscurus), Townsend’s solitaire (Myadestes townsendi),
olive-sided flycatcher (Contopus cooperi), golden-crowned kinglet (Regulus satrapa), hermit thrush (Catharus
guttatus), elk, black bear, pine marten, southern red-backed vole, pine squirrel, and snowshoe hare (L.
americanus). The ecoregion’s historic populations of lynx (L. canadensis) and wolverine (Gulo gulo) also in-
habited these forests (Seidel et al. 1998).


Logging and associated road building have fragmented and reduced formerly extensive interior forest
habitat and old-growth and have altered forest stand structure and composition (Reed et al. 1996,
Knight and Reiners 2000). Much of the Medicine Bow National Forest in Wyoming, and portions of
the Rio Grande National Forest in southern Colorado, offer good examples of harvest levels that led to
extensive habitat fragmentation (Reed et al. 1996, USFS 1998, Shinneman et al. 2000). In addition, in-
appropriate clear-cutting practices often inhibit stand regeneration (Reed et al. 1996, U.S. Forest Ser-
vice 1998). Recreation is a concern in many areas, including summer and winter use by ORVs, and ski-
area development and expansion (Knight 2000).


In some areas, highly fragmented forests and loss of old-growth have led to subsequent declines in pop-
ulations of old-growth and forest-interior dependent species, including the goshawk, boreal owl, and
American marten (Reynolds et al. 1992, Hayward 1994, Buskirk and Ruggiero 1994). Because people
have long appreciated these scenic, high-mountain forests, roughly 30% fall within protected land
management categories (Table 1, Appendix A). Land managers should give more consideration to in-
cluding the full diversity of spruce-fir associated species and natural communities, maintaining natural
processes, restoring old forest conditions and interior habitat, and connecting forest habitats across the
regional landscape. 


Alpine Systems


Alpine systems are found throughout the ecoregion above treeline, about 3,300 meters (9,900 feet)
(Figure 3, Appendix A). These cold, wind-swept ecosystems receive substantial precipitation, mostly in
the form of snow. In many cases, however, persistent high winds sweep snow away, limiting moisture
availability. Alpine conditions are typically patchy with localized topographic diversity and different
plant communities occurring under different site conditions, resulting in a rich mosaic of alpine wet-
lands, dry meadows, snowfields, fellfields, talus and scree slopes, rock faces, and krummholz forests
(Knight 1994, Benedict 1991). Alpine habitats represent approximately 6% of the ecoregion (Table 1,
Appendix A). 


In general, alpine ecosystems remain relatively stable, but natural disturbances include soil movement,
spring snowmelt, expanding snow-fields, and burrowing impacts from small mammals such as pocket
gophers (Knight 1994). Grizzly bears also historically foraged in alpine areas, digging for roots, ro-
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dents, and other food sources (Fitzgerald et al. 1994). Due to the harsh and brief growing season, suc-
cession after disturbance often takes hundreds of years.


Plant communities vary with moisture availability, snow cover duration, solar radiation, and wind expo-
sure. Plants are dominated by low growing shrubs and perennial herbs, including cushion plants, forbs,
sedges, and grasses. Representative species include barren ground willow (Salix brachycarpa), Arctic wil-
low (S. arctica), planaleaf willow (S. planifolia), tufted hairgrass (Deschampsia cespitosa), alpine bluegrass (P.
alpina), kobresia (Kobresia myosuroides), Rocky Mountain sedge (Carex scopulorum), moss campion (Silene
acaulis), alpine avens (Acomastylis rossii), Parry clover (Trifolium paryii), alpine phlox (Phlox pulvinata), alpine
sorrel (Oxyria digyna), snowlover (Chionophila jamesii), American bistort (Bistorta bistortoides), Arctic gentian
(Gentianodes algida), alpine lousewort (Pedicularis scopulorum), marsh marigold (Psychrophila leptosepala), and
rose crown (),). Lichens and mosses are also common.


Characteristic animal species include white-tailed ptarmigan (Lagopus leucurus), brown-capped rosy finch
(Leucosticte australis), white-crowned sparrow (Zonotrichia leucophrys), American pipit (Anthus rubescens),
horned lark (Eremophila alpestris), common raven (Corvus corax), golden eagle, short-tailed weasel (Mustela
erminea), bighorn sheep (Ovis canadensis), elk, yellow-bellied marmot (Marmota flaviventris), pika (Ochotona
princeps), northern pocket gopher, and montane shrew (S. monticolus). 


In many areas, especially in the southern portion of the ecoregion, grazing by domestic sheep has dam-
aged fragile native alpine vegetation. Dramatic increases in recreation, especially ORV use and “peak
bagging” by hikers can also trample and destroy alpine vegetation and cause severe erosion. Formerly,
wolverines roamed alpine habitats and the grizzly bear played a major ecological role in alpine areas;
both are considered extirpated from the ecoregion (Fitzgerald et al. 1994). Alpine systems are generally
well-represented in protected areas, exceeding 50% among 2 major types, primarily because many of
these systems occur within federally protected wilderness areas, national parks or roadless areas (Table
1, Appendix A).


Wetland and Riparian 


The Southern Rockies contain a diverse but uncommon range of aquatic, wetland, and riparian ecosys-
tem types (Table 1, Appendix A). These terms are sometimes used interchangeably, as these ecosystems
are often ephemeral, overlapping, and transitional in nature. For instance, the shallow and ephemeral
playa “lakes” in the San Luis Valley are typically classified as wetlands. Although aquatic ecosystems
tend to be small patches and linear features on the landscape, and collectively constitute a small portion
the ecoregion’s surface area, one thing is clear - despite their small size, these ecosystems are among the
most valuable to native species in the Southern Rockies. 


The Southern Rockies contain thousands of kilometers of streams and rivers dispersed throughout the
ecoregion, from fast, clear, high-mountain streams to slower moving low-elevation rivers. Natural lakes
in the Southern Rockies generally occur above 2,700 meters (8,910 feet), and were formed behind ter-
minal moraines or in depressions left by past glacial activity (Benedict 1991). Ponds are also abundant
at higher elevations. In addition, there are hundreds of human-made reservoirs covering thousands of
hectares, many in lower elevations that were historically devoid of deep-water lakes (Shinneman et al.
2000). 


Wetlands occur throughout the ecoregion. A wetland can be defined as an area that is covered by water
for at least part of the year, and where plants and animals are adapted to life in water or in saturated
soils (Cowardin et al. 1979). Wetlands in the Southern Rockies include forested wetlands, willow carrs,
fens, marshes, bogs, alpine snow glades, wet meadows, salt meadows, bottom-land shrub-lands, shallow
ponds, and playa lakes. Many of the wetlands in the Southern Rockies are seasonal, resulting from
spring snowmelt and high water tables. Wet meadows account for the largest acreage of wetlands in
Colorado (Jones and Cooper 1993). 
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Riparian ecosystems are a special type of wetland occurring along the upland margins of streams, rivers,
and lakes, and represent the meeting place of aquatic and terrestrial ecosystems. Riparian ecosystems
are distributed throughout the ecoregion at all elevations, from narrow linear communities in deep
canyons to more extensive forests in broad floodplains. Roughly 3-8% of the Southern Rockies occur
within stream-side riparian habitat (Shinneman et al. 2000).


All of these different aquatic ecosystem types are actually interconnected hydrologic systems, influ-
enced by the ecoregion’s geology, soils, topography, weather, plant communities, and even animals. For
instance, during spring peak flow, streams overflow their channels and inundate adjacent flood plains,
providing water to wetlands. Water from wetlands and streams replenish groundwater reserves. In a re-
ciprocal fashion, during times of low precipitation, riparian areas and wetlands serve as sources of water
recharge for creeks and streams, and groundwater may supply water to streams and wetlands via seeps,
springs, and direct stream-water recharge (Maxwell et al. 1995).


The beaver, an aquatic “keystone” species (ecosystem engineer) also contributes to aquatic habitat by
creating ponds that benefit and support diverse assemblages of species and natural communities. These
ponds trap and store organic material, nutrients, and sediment that build up over time and transform ar-
eas into riparian communities, marshes, wet meadows, and eventually even dry meadows. Streams with
more beaver dams also maintain higher late-summer stream flows, which benefit fish, wildlife, and even
landowners in the Southern Rockies (Knight 1994).


Aquatic-dependent species and communities have adapted to, and depend on, dynamic and intercon-
nected hydrologic systems. For example, groundwater recharge to streams and wetlands is often crucial
to the survival of aquatic plants and animals in the Southern Rockies during dry periods (Cooper 1993,
Power et al. 1997). Meandering stream flows and periodic high river flows (especially floods) alter ri-
parian habitats by both destroying and rebuilding streamside landforms such as oxbows, cut banks,
point bars, islands, and terraces. These hydrologic processes provide the main vehicle for establishing
cottonwood (Populus spp.) riparian forests by building new point bars with nutrient-rich sediment layers
that are beneficial to seedling development, and by distributing cottonwood seeds onto these new land
forms (Knight 1994). The dynamic mosaics of riparian and floodplain habitat in various successional
stages are also required by many other aquatic and riparian-associated species (Gutzwiller and Ander-
son 1987, Baker and Walford 1995).


Riparian vegetation, in turn, provides shade for rivers and streams, creating cooler air and water temper-
atures that aquatic species such as native fish require. Riparian vegetation that falls into streams pro-
vides sources of food and nutrients for fish, insects, and other organisms. Riparian root systems deter
stream-bank erosion by decreasing the velocity of water flow, and by trapping nutrients and sediments
that build stream banks and form nutrient-rich wet meadows and floodplains (Cheney et al. 1990). 


Native species compositions vary considerably among the many types of aquatic ecosystems in the re-
gion. Lower elevation shallow lakes and ponds in the Southern Rockies, which tend to be richer in oxy-
gen, organic matter, and other nutrients, support species such as yellow pondlily (Nuphar luteum), arrow-
head (Sagittaria spp.), duckweed (Lemna spp.), northern leopard frog (Rana pipiens), wood frog (R. sylvatica),
tiger salamander (Ambystoma tigrinum), and numerous “macroinvertebrates,” such as crayfish, insects,
snails, clams, and leeches. Plant and animal plankton also populate these waters. Deep, cold, mountain
lakes typically provide habitat for fewer but no less-important species, including the ecoregion’s native
cutthroat trout (Oncorhynchus clarki). 


Streams support different species compositions depending on factors such as channel width and depth,
oxygen availability, velocity, turbidity, volume, or temperature. For instance, native greenback (O. c. sto-
mias), Colorado River (O. c. pleuriticus), and Rio Grande cutthroat trout (O. virginalis) depend on the clear,
cold, well-oxygenated streams with riffles and pools that occur in higher elevations. In contrast, slower,
more turbid, less oxygen-rich, and warmer rivers at lower elevation contain native fishes such as the
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roundtail chub (Gila robusta), razorback sucker (Xyrauchen texanus), and Colorado pikeminnow (Pty-
chocheilus lucius). The river otter (Lutra canadensis) depends on larger streams and rivers, and the beaver
plays an important role by affecting stream habitats and hydrology. Species such as the American dip-
per (Cinclus mexicanus), muskrat (Ondatra zibethicus), and water shrew (S. palustris) are also found in streams.
Macroinvertebrate insect species, such as caddisfly, mayfly, and stonefly nymphs, fulfill important roles
in the aquatic food web, as do numerous microinvertebrate species and algae.


The many types of wetlands in the ecoregion offer diverse, important, and varied habitat for numerous
plants and animals, including a wide variety of plant species such as bog birch (Betula glandulosa), bitter
cress (Cardimine cordifolia), crowfoot (Ranunculus spp.), reedgrass (Calamagrotis spp.), horsetail (Equisetum spp.),
bog orchid (Limnorchis spp.), and yellow pondlily, as well as numerous species of willows (Salix spp.),
sedges (Carex spp.), rushes (Juncus spp.), and pondweeds (Potamogeton spp.). These wetlands host amphib-
ian species such as northern leopard frog, tiger salamander, and boreal toad (Bufo boreas).


Many lower elevation wetlands, such as the San Luis Valley’s marshes and playa lakes, provide impor-
tant stop-over sites for thousands of migratory waterfowl and shorebirds, such as sandhill crane (Grus
canadensis tabeda), avocet (Recurvirostra americana), snowy egret (Egretta thula), green-winged teal (Anas crec-
ca), and northern pintail (A. acuta). Numerous insect species and other macroinvertebrates also inhabit
the ecoregion’s wetlands, such as clams, fairy shrimp, flatworms, water striders, and mosquito larvae.
Microscopic plant and animal plankton are also abundant, especially in nutrient-rich waters.


As with other aquatic ecosystems, the species composition of riparian communities varies with soils,
landforms, and elevation. Whether riparian areas are narrow willow communities in steep mountain
canyons or extensive cottonwood forests in broad, low-elevation valleys, they tend to be extremely rich
in species diversity relative to surrounding upland communities. More deciduous tree and shrub species
occur in riparian ecosystems than in any other ecosystem in the Southern Rockies and include nar-
rowleaf cottonwood (P. angustifolia), plains cottonwood (P. deltoides), box elder (Negundo aceroides), Rocky
Mountain maple, red-osier dogwood (Swida sericea), mountain alder (Alnus incana tenuifolia) gooseberry (R.
inerme), river birch (B. fontinalis), bog birch (B. glanulosa), New Mexican locust (Robinia neomexicana), shrub-
by cinquefoil (Pentaphylloides floribunda), and dozens of species of willows. Conifer species such as blue
spruce and white fir are often found. Numerous species of forbs, grasses, sedges, rushes, mosses, lichens,
fungi, and liverworts also typify many riparian areas.


Riparian communities support up to 80% of all animal species in the ecoregion, which depend on these
habitats for food, water, shelter, and other important life history needs, such as breeding or nesting (Ol-
son and Gerhart 1982, Floyd-Hannah et al. 1996). Characteristic herpetofauna (i.e., reptiles and am-
phibians) include tiger salamander, northern leopard frog, wood frog, bull snake (Pituophis spp.), and
smooth green snake (Opheodrys vernalis). Characteristic birds include red tailed hawk, northern harrier
(Circus cyaneus), kingfisher (Ceryle alcyon), great blue heron (Ardea herodias), western grebe (Aechmophorus
occidentalis), green-winged teal, American dipper, Lincoln’s sparrow (Melospiza lincolnii), northern oriole
(Icterus galbula), yellow warbler (Dendroica petechia), Wilson’s warbler (Wilsonia pusilla), and tree swallow
(Tachycineta bicolor). More songbird species nest in riparian habitat than in any other mountain ecosys-
tem (Mutel and Emerick 1992, Jones and Cooper 1993). Mammals are also abundant, and include black
bear, river otter, mink (M. vison), mule deer, beaver, meadow jumping mouse (Zapus hudsonius), water
shrew, and montane vole (M. montanus). Riparian areas also support a rich assortment of insects, includ-
ing numerous butterflies and dragonflies. 


Human development and water use have destroyed or dramatically altered most species-rich aquatic
and riparian ecosystems in the Southern Rockies. As a result, many species at risk of extinction or extir-
pation in the ecoregion are aquatic-dependent or riparian species. In the American southwest, for exam-
ple, although riparian areas comprise only 5% of the lands managed by the USFS, 70% of the federally
threatened and endangered species are dependent upon riparian and aquatic ecosystems (U.S. Forest
Service 1997b). In the Southern Rockies, representative riparian and aquatic-dependent species at risk
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include the boreal toad, Preble’s meadow jumping mouse (Z. h. preblei), Rio Grande cutthroat trout, and
Ute ladies’ tresses (Spiranthes diluvialis). There are also hundreds of rare and imperiled wetland and ripari-
an plant communities in the ecoregion (Neely et al. 2001).


Some streams, mountain lakes, and ponds in the Southern Rockies are distant from human-dominated
landscapes and remain relatively unpolluted. However, acid deposition from nearby power plants, pesti-
cides and herbicides from agriculture, acid and heavy-metal mine drainage, excess nutrients from septic
systems or livestock waste, and increased sedimentation from land uses such as logging, road-building,
and recreation pollute many other systems. In many areas, over-grazing has destroyed riparian habitat
and caused streambank erosion—thus leading to warmer, more ephemeral, and more sediment filled
waters that are harmful to native aquatic species (Belsky et al. 1999). 


Thousands of water storage and diversion projects in the Southern Rockies have significantly altered
stream hydrology, often limiting or eliminating floodwaters. Dams and diversions alter sediment loads,
oxygen levels, and water temperatures, and these changes have harmed native aquatic species, such as
downstream warm-water fishes (Osmundson et al. 1995). Dams in the Southern Rockies have also dam-
aged many riparian forest communities by impeding flooding and thus preventing regeneration within
aging cottonwood communities. Under the relatively static hydrologic conditions created by dams,
shrubby and non-native species such as tamarisk can invade and out-compete cottonwood seedlings
more easily. Thus, in many places senescent cottonwood forests are being replaced by less biologically
diverse, weedy species (Somers and Floyd-Hannah 1996). In other cases in the Southern Rockies, hu-
mans have channelized streams, damaging stream ecosystems and destroying riparian habitat.


Before Western European settlement of North America, wetlands covered about 3% of the state of Col-
orado, but the region has lost roughly one-third to one-half of the original wetland acreage in Col-
orado, New Mexico, and Wyoming to human development and conversion to croplands (Dahl 1990,
Wilen 1995). Lowered groundwater levels may also lead to the destruction of groundwater-fed springs
and seeps that provide water for wildlife and sustain wetland communities. For instance, thousands of
hectares of marsh wetlands in the San Luis Valley may be destroyed by existing and proposed ground-
water pumping that will lower water tables to just one or two meters (Cooper 1993). Loss of groundwa-
ter water supply may also threaten some riparian forests, which depend on the groundwater supply
when stream levels have dropped (Cooper 1993, Power et al. 1997). 


In addition, several non-native species threaten native aquatic species in the Southern Rockies. Agen-
cies stock many streams and lakes with non-native fish species (e.g., sport fishes) that alter the food
chain, and prey upon, out-compete, or hybridize with native fishes. These exotic fish species threaten
all three species of native cutthroat trout (Young 1995). Other non-native species of concern includes
the eastern bullfrog (R. catesbeiana), which threatens native frogs, and plants such as purple loosetrife
(Lythhrum salicaria) (Rosen and Schwalbe 1995, Rutledge and McLendon 1996). 


Other Noteworthy Ecosystems


There are many other natural communities nested within the major ecosystems described above (Table
1, Appendix A), some of which are rare, highly-localized, or limited in extent. For example, regionally
unique active sand dune complexes occur in the San Luis Valley and in North Park. Those in the San
Luis Valley are comprised of both active sand dunes (some over 200 meters, or 660 feet high) and stabi-
lized sand dune and swale complexes covering thousands of hectares that support numerous unique nat-
ural communities and species, including several endemic species of plants and insects (Neely et al.
2001). Other important natural features are the many cliffs, canyons, and barren rock faces scattered
throughout the ecoregion. Many birds nest in cliff habitats, such as the peregrine falcon (Falco peregrinus)
and black swift (Cypeseloides niger), and unique species of plants are found in these rocky habitats. No-
tably, many of the best examples of the ecoregion’s unique, rare, and imperiled communities have been
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targeted for further conservation action (Neely et al. 2001), but conservation of these communities is
by no means ensured.


Human-dominated landscapes in the Southern Rockies are also noteworthy. While they extend across
less than 6% of the land area (Table 1, Appendix A), they are interspersed throughout the ecoregion
(Figure 3, Appendix A) and exert influence disproportionate to their areal extent. Because the pace of
development in the Southern Rockies is rapid and increasing (Theobald 2000, 2001), human-dominat-
ed landscapes will continue to exert disproportionate influence over the dynamics of the Southern
Rockies ecoregion. Human-dominated landscapes will be further discussed under threats to this species.


DIVERSITY AND DISTRIBUTION OF PLANTS AND WILDLIFE   


The Southern Rockies are a biological meeting place where species of high-elevation Rocky Mountain
ecosystems converge with species from adjacent lowland prairie and semi-desert ecosystems to form
unique natural communities. The ecoregion is well known for species such as elk, mountain lion, and
ponderosa pine, but thousands of lesser-known species also call the Southern Rockies home. Some of
these are abundant and widespread throughout almost every major habitat type in the ecoregion. For
example, Colorado has the continent’s largest elk population, with an estimated 247,090 individuals in
2005 and a predicted post-hunt population of ~236,000 in 2006 (Burkhead 2006, Kahn 2006). The
state also supported approximately 614,000 deer in 2005 and predicted post-hunt population of
~621,000 in 2006 (Kahn 2006). In contrast, other species in the ecoregion are narrowly restricted to
particular habitats and locations, like the dependence of Albert’s squirrels on dense, old ponderosa pine
stands (Fitzgerald et al. 1994). 


Shinneman et al. (2000) estimated that there were at least 328 extant native vertebrate species closely
associated with the Southern Rockies’ mountain habitats, including 203 birds, 90 mammals, 18 fishes,
10 reptiles, and 7 amphibians.  Add "peripheral" vertebrate species to the list (i.e., those species more
closely associated with the neighboring short-grass prairie or Colorado Plateau regions, but occupying
the margins of the Southern Rockies), and well over 500 vertebrate species inhabit the ecoregion. Id.
Colorado alone boasts over 2,596 native vascular plants, and lesser-known taxonomic groups may con-
tain thousands more species awaiting recognition or discovery (Weber and Whitman 1992, Stucky-Ev-
erson 1997, Paul Opler, pers. com.). 


Compared to other ecoregions, the Southern Rockies are rich in bird species, and only two other ecore-
gions in the U.S. and Canada have a higher total number of mammal species (Ricketts et al. 1999, Shin-
neman et al. 2000, Neely et al. 2001). The ecoregion supports the second highest number of Lepi-
dopteran species north of Mexico. There are over 270 species of butterflies and an estimated 5,200
species of moths; this represents over 40% of North America’s known moth and butterfly species
(Kocher and Williams 2000, Paul Opler, pers. comm.). In addition, hundreds of these species are glob-
ally rare and many are limited to the Southern Rockies. Examples of faunal species endemic to the
Southern Rockies include the San Luis Dunes tiger beetle (Cicendela theatina), the Jemez Mountains sala-
mander (Plethodon neomexicanus), the Weber monkey-flower (Mimulus gemmiparus), Uncompahgre fritillary
(Boloria improba acrocnema), greenback cutthroat trout (O. c. stomias), brown-capped rosy finch (Leucosticte
australis), and banded physa (Physa utahensis). 


In general, species richness in the Southern Rockies is greatest within lower elevation ecosystems, cul-
minating in low-elevation riparian and aquatic ecosystems. For comparison, over 450 vertebrate species
are associated with Colorado’s wetland and riparian communities, 129 within foothill ponderosa pine
forests, and 51 with alpine habitat (Shinneman et al. 2000). However, another important consideration
is that 40% of the ecoregion is within private lands, and these lands typically contain biologically rich
lower elevation landscapes. Theobald et al. (1998) determined that in Colorado species richness is 46%
percent higher on private versus public lands. 
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SPECIES AND COMMUNITIES AT RISK  


Persecution, intensive and extensive levels of natural resource use, pollution, and erupting human popu-
lation levels have led to the extinction of at least four species that once inhabited the ecoregion. These
include the yellowfin cutthroat trout (Salmo clarki macdonaldi), the Eskimo curlew (Numenius borealis), the
Carolina Parakeet (Conuropsis carolinensis) (which visited the southern foothills and plains), and the New
Mexico sharp-tailed grouse (Tympanuchus phasianellus hueyi) (Shinneman et al. 2000, Neely et al. 2001).


The grizzly bear, gray wolf, wild populations of bison, black-footed ferret, and wolverine are consid-
ered extirpated from the Southern Rockies (Shinneman et al. 2000), although the FWS has begun to
implement a reintroduction program for black-footed ferrets in northwestern Colorado. The last known
wild gray wolf in the ecoregion was shot in the southcentral portion of Colorado (Conejos county) by
a state hunter in 1945 (Bennett 1994), although in 2004 one of the Yellowstone wolves was killed by a
car west of Denver. The Canada lynx was considered extirpated in the ecoregion until a recent restora-
tion effort by the Colorado Division of Wildlife (CDOW) led to the reintroduction of 218 animals
from 1999 to 2006. As of 2006, the lynx population included between 95-138 surviving individuals
(Tanya Shenk, pers. comm., November, 2006). At this point no more reintroductions are planned. 


The Rio Grande bluntnose shiner (Notropis simus simus), Rio Grande silvery minnow (Hybognathus amarus),
American eel (Anguilla rostrata), freshwater drum (Aplodinotus grunniens), sturgeon (Scaphirhynchus plato-
rynchus), blue sucker (Cycleptus elongatus), Rio Grande shiner (N. jemezanus), and speckled chub (Macrhy-
bopsis aestivalis aestivalis) are also extirpated (Neely at al. 2001). At least four species of birds that histori-
cally bred in the ecoregion no longer do so, including the marbled godwit (Limosa fedoa), harlequin duck
(Histrionicus histrionicus), merlin (F. columbarius), and ring-billed gull (Larus delawarensis) (Andrews and
Righter 1992, Neely et al. 2001). 


As of 2001, at least eight plants, two invertebrates, and 10 vertebrate species from the ecoregion were
listed as threatened or endangered under the ESA (Shinneman et al. 2000, U.S. Fish and Wildlife Ser-
vice 2001a). State Natural Heritage Programs track 101 species native to the Southern Rockies that are
globally imperiled and nearly 300 other species are considered species of special concern due to re-
stricted ranges, population declines, and other vulnerability factors (Neely et al. 2001). Shinneman et
al. (2000) reported that of the 328 species closely linked to Southern Rockies’ mountain habitats, the
state Natural Heritage Programs list about one-half of the amphibians, one-half of all fishes, one-quar-
ter of all birds, and one-fifth of all mammals as vulnerable, imperiled, or critically imperiled. 


Finally, as discussed, many natural communities are greatly reduced in extent, natural composition, and
function due to activities such as logging, fire-exclusion, overgrazing, housing development, agricultur-
al conversion, water use/dams, and pollution. Habitats particularly at risk include old-growth ponderosa
pine forest, old aspen forest, low-elevation riparian communities, sagebrush shrublands, montane grass-
lands, and most wetlands and aquatic systems (Noss et al. 1995, Shinneman et al. 2000, Neely et al.
2001). Fortunately, there is increasing interest in restoring and protecting these ecosystems. 
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BIOLOGICAL CONSIDERATIONS


Preamble


As outlined in the main body of this petition, the best scientific and commercial data available to date
indicates that the Southern Rocky Mountains represent a significant gap in the range of the species C.
lupus. Moreover, as petitioners demonstrate, reintroduction represents the most expeditious means of
recovering the species to the region.  In this appendix, petitioners outline the best scientific and
commercial data available as it relates to the translocation of imperiled large carnivores, with an
emphasis on gray wolves.  Given the long planning horizon for endangered species recovery,
petitioners recognize that new science may emerge related to translocation and reintroduction, and
such science should be fully considered.  Moreover, petitioners fully expect to remain involved as an
interested party as it relates to this petition and associated federal actions.


Large carnivores and translocation for the purposes of recovery


Humans have had major impacts on most of the Earth’s ecosystems and have eliminated large mammals,
particularly carnivores, over extensive areas through a combination of habitat destruction, prey
reduction, and direct persecution. Yet, as discussed above, large mammals, especially carnivores, often
play key roles in maintaining ecological communities. Through predation, large carnivores send
indirect effects rippling through the trophic levels of an ecosystem to affect organisms that exist at
several scales (Terborgh 1988, Terborgh et al. 1999, Estes et al. 2001). When humans remove large
carnivores from ecological systems that the carnivores helped mold and maintain, those systems
simplify and degrade (Terborgh et al. 1999). Research clearly documents degradation of such systems
following the loss of top carnivores. As a result, ecologists label such species “highly interactive” (Soule
et al. 2003, 2005), and one type of highly interactive species is the “keystone species.” Keystone species
are species who greatly affect the ecological systems they inhabit, and much greater than expected by
their abundance. Although more data on how systems decline after removing such highly interactive
species are always beneficial, the real question now is, “What happens when we try to restore ecological
processes by returning an extirpated keystone species?”


Restoring species usually involves active human intervention, using techniques such as release of wild-
born individuals or captive-born animals into an area where they no longer exist or where they exist at
low numbers (Griffith et al. 1989, Wolf et al. 1997). If natural re-colonization of a carnivore occurs at a
reasonable rate, protecting important corridors and habitat is usually preferable (and cheaper).
However, with the present rates of habitat loss, the chances of natural re-colonization for many
carnivore species become less likely with each passing day. 


Successful restoration of large carnivores can aid larger conservation efforts in several ways. Large
carnivores play important roles; often functioning as “umbrella species” (i.e., species with huge habitat
requirements, such that conserving them will protect enough habitat for many other species with small
needs), “indicator species” (i.e., species more sensitive to ecological change than other species, and thus
indicators of ecosystem health), or keystone species (Miller et al. 1998). Therefore, restoring large
carnivores contributes to the design and management of protected areas (Noss and Cooperrider 1994,
Lambeck 1998, Soulé et al. 2005). Perhaps most importantly, the return of carnivores can restore
ecological processes that are important to the health of an ecosystem (Soulé et al. 2003, 2005).


Many biological factors affect the ease of translocating an animal. Understanding genetics,
demography, behavior, disease, and habitat requirements can produce methods that greatly increase
success (Stanley Price 1989, Kleiman 1989, Reading and Clark 1996, Wolf et al. 1997, Miller et al.
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1999, Seddon et al. 2007). That information is often lacking. Schaller (1996) reported that only 15% of
terrestrial carnivore species had been the subject of at least one field investigation by the early 1990s
and even the status of most species remains obscure (Ibid.).


Selecting animals for translocations


Many important factors enter into the decision matrix for selecting appropriate stock for translocations.
Below, we discuss a minimum matrix of factors to be considered.  This matrix should be reviewed and
adapted by the recovery team to ensure the highest probability of success, given the potential for
negative outcomes in the absence of best practices.


Taxonomy


Animals chosen for translocation should be as similar as possible to those that originally inhabited the
release site. However, the reintroduction planners should examine existing subspecific frameworks
closely, because they may not reflect the true distribution of genetic variation and genetic
discontinuities within species (Ryder 1986, Avise 1989). Early taxonomists created numerous subspecies
within most species of carnivores, and they often based their classifications on a small number of
physical (called morphological) characters from a small number of specimens. Since morphological
traits result from the influence of both genetics and the environment, such early subspecific
designations often over-estimated the number of genetically-based subspecies.


Wolves provide a good example. Hall and Kelson (1959) listed 32 worldwide subspecies of gray wolves
(Canis lupus). This probably represents and inflated number of wolf subspecies because minor transitions
in physical traits along distributions (known as clines) may not merit subspecific status (Carbyn 1987).
In fact, Nowak (1995) revised wolf taxonomy to include five subspecies. Wolves can disperse over long
distances, and the vast expanse of boreal areas probably facilitated gene flow, particularly before
European settlement (Carbyn 1987, Wayne and Vila 2003). Genetic diversity of wolves is better
explained as a pattern of differentiation with distance rather than subspecific geographic boundaries
(Forbes and Boyd 1987). 


Genetic studies using modern molecular techniques can help define appropriate genetic subdivisions. A
translocation team must carefully interpret molecular genetic differentiation among populations,
because it does not always reflect historical barriers to gene flow. For example, widely separated
populations of coyotes (Canis latrans) show little mitochondrial DNA differentiation (Lehman et al.
1991). However, in kit foxes (Vulpes macrotis), a small canid with limited dispersal capabilities, significant
genetic differences exist between populations, and those differences reflect geographical barriers
(Mercure et al. 1993). While the Mexican wolf is considered a genetically unique subspecies of Canis
lupus, Wayne et al. (1992) believed that apparent genetic differences among other extant gray wolf
populations reflected population declines and habitat fragmentation rather than a long history of
genetic isolation. Thus, if carnivores cover large areas, like wolves do, spatial heterogeneity in the
genetic structure of a population is probably not much of a concern, but it can be for animals with
limited capability to disperse. Size may not always be an indicator of dispersal ability. For example,
Grizzly bears (Ursus arctos) are more limited in dispersal capability than one would expect for an animal
of that size.


Wild versus captive animals


Wild-born animals usually survive longer than captive-born animals in translocations (Griffith et al.
1989, Snyder et al. 1996), and managers should release captive carnivores only when there are no other
alternatives (Miller et al. 1999). That said, it is important to note that captive breeding and
reintroduction have saved some species from extinction, including the red wolf (Canis rufus) and the
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black footed ferret (Mustela nigripes) (Miller et al. 1996, Phillips et al. 2003). In addition, captive animals
can be used in education and research—whether or not they are ever released to the wild. For example,
some questions important to conservation, such as understanding energetic needs or reproductive
behavior, are difficult to answer using wild animals. 


There are several reasons for translocating wild-born animals instead of captive-bred animals. Captive
breeding for translocation is expensive in time, space, and money, and it can be risky. The captive
environment may erode the genetic basis for important morphological, physiological, and behavioral
traits via the artificial selection that inevitably occurs in captivity (Snyder et al. 1996). For example,
while captive-born animals may still exhibit the correct behavior in a given situation, they may not
perform it at the level of efficiency needed for survival in the wild. Indeed, during a captive-breeding
program, learned behavioral traits can degenerate much more rapidly than genetic diversity (May
1991). Examples of behavioral traits that the captive environment may adversely affect include
searching for food, killing, predator avoidance, recognizing home sites, movement patterns (such as
seasonal migrations), methods of raising young, ability of young to follow mothers to kill sites, and
negative response to human presence (Miller et al. 1996, Snyder et al. 1996, Beldon and McCown
1996). As a result, post-reintroduction mortality rates for captive-born animals are often high. Reducing
the impact of these problems during reintroduction is often time-consuming and expensive.


Different species respond variably to captive conditions, but more generations in captivity likely
increases the degeneration of survival skills. As a result, translocation programs that use captive-reared
animals should employ substantial pre-release preparation and post-release training. While Seddon et
al. (2007) mention that this idea has had little experimental testing, experimentally compared releases
of black-footed ferrets demonstrated that animals raised in semi-natural outdoor pens had higher
survival rates (Biggins et al. 1999).


But even such preparation and training may not be able to restore survival traits to full efficiency.
Effective development of behaviors often requires the correct environment for learning (including a
skilled parent) or, in the case of critical periods—also called imprinting, in which animals only learn
during a particular window of time during their development) the correct stimulus at the proper time
during development. In social animals that learn by mimicking, developing a behavior requires a group
member with skill and experience. Captive conditions often make it difficult to provide these
requirements. Furthermore, selection for tameness and other genetic adaptations to the captive
environment can create serious problems for populations maintained in captivity over several
generations (Snyder et al. 1996, Frankham et al. 2002).


Experimental releases of captive-raised and wild-born individuals of the same species often demonstrate
that captive-raised animals exhibit different behaviors and lower survival rates than their wild-born
counterparts (Schadweiler and Tester 1972, Cade et al. 1989, Griffith et al. 1989, Beck et al. 1991,
Wiley et al. 1992, Beldon and McCown 1996, Miller et al. 1996). Captive-raised pumas (Puma concolor)
in Florida had less fear of humans and were more likely to engage in puma-human and puma-livestock
encounters than wild-caught animals (Beldon and McCown 1996). Similarly, orphan sea otter (Enhydra
lutris) pups raised in captivity and released into the wild often approached people, two of which
allegedly attacked humans (J. Estes, pers. obs.). Such interactions between wildlife and people or their
domesticated animals often end badly for wildlife.


Age-sex categories


Erickson and Hamilton (1988) recommended releasing animals in sex ratios similar to those exhibited
by wild populations to help ensure reproductive encounters. This often means releasing more females
(Short et al. 1992). Differences between male and female behaviors, as well as age, may influence
release considerations. Young animals often display greater plasticity in behavior than adults and are of
less importance to the source population. Some translocations use releases of mixed sexes and ages that
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replicate natural social groups, such as wolf packs (Bangs and Fritts 1996). 


In many cases, the availability of animals from the source population limits both genetic and
demographic considerations. This is especially true when the source population is a captive-breeding
program. In many such situations, managers should give priority to the genetic and demographic
management of the source population rather than the group scheduled for release. This is especially
true at the beginning of a program, when there is often high mortality (Miller et al. 1999; Frankham et
al. 2002). 


Puma translocations illustrate several of these points. In Florida puma releases, wild-caught females with
kittens did not move far from their release site, and the kittens behaved normally; however, wild-caught
and released males covered large areas until they located females (Beldon and McCown 1996). Ruth et
al. (1998) found that sex, age, and social status affected the success of moving wild-caught pumas in
New Mexico. The best results came when pumas were between 12 and 27 months of age. They moved
the shortest distance from the release site and quickly established areas of use. Pumas of this age group
(dispersal age) may settle more quickly because they are predisposed to accept an unfamiliar area (Ross
and Jalkotzy 1995, Ruth et al. 1998). In addition, females of this age group moved less and had higher
survival rates than males. Removal of pumas less than 27 months of age from a self-sustaining
population would probably not jeopardize the source population genetically or demographically
(Logan et al. 1996), an important consideration (Kleiman 1989; Stanley Price 1989). Adult translocated
pumas (28-96 months of age) taken from established territories traveled the furthest from their release
site, often showing homing tendencies (Ruth et al. 1998). Indeed, 2 pumas in this age class returned to
their original home territories, over 400 km away. Older pumas (over 96 months of age) showed high,
immediate risk of death (Ruth et al. 1998). Similarly, adult male sea otters had a greater risk of death
during capture and translocation than individuals in other age-sex classes (J. Estes, pers. obs.).


In general, puma translocation increased mortality over that observed in the source population (Ruth et
al. 1998). The risks were long-term, and a number of deaths occurred in the second year after release.
Chronic stress may have contributed to the deaths, particularly for adults. Combining suggestions for
puma translocation from Ruth et al. (Ibid.), and Beldon and McCown (1996), it is preferable to first
release dispersal age females. After female pumas establish areas of use, the program could release
young males in the presence of those females to keep them from wandering long distances. Notably, it
is sometimes difficult to determine optimum ages for translocation. For example, in some species,
juveniles may exhibit higher survival rates after translocation, but the planning team should balance
future reproductive potential against immediate reproductive capacity of any adults that establish in the
release area. 


Homing behavior and excessive movement from the release site has been a major problem in past
translocations of ursids (bears), canids (dogs), felids (cats), and mustelids (weasels and allies) (Linnell et
al. 1997). For example, when biologists moved 139 California sea otters to San Nicolas Island, the
majority dispersed away from the Island, and a minimum of 30 individuals, including both juvenile and
adult females, returned to their capture location (G. Rathbun, pers. com.). Excessive movement from
the release site is a major reason for low survival and poor reproductive rates of translocated carnivores.
Movement distances after release often directly correlate with mortality rates (Ruth et al. 1998). Linnell
et al. (1997) suggested holding animals on a release site for a time prior to release to reduce post-release
movements, and moving large carnivores far from their capture site to reduce homing. This very
approach was successful in establishing the gray wolf population in the Greater Yellowstone Area (Fritts
et al. 2001). 


Many translocated wolves left their release site and headed for the direction they knew as home
(summarized by Fritts 1993). Wolves released in Yellowstone during 1995 (n = 14) were held at the
release site in enclosures for 3 months while wolves released into central Idaho (n = 15) were released
immediately upon arrival. Wolves from Yellowstone traveled a mean of 22 km from their release site,
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whereas wolves in Idaho traveled a mean of 82 km from their release site (Fritts et al. 1997). Wolves
released in Idaho headed in a general northward direction, as they originated in Canada (Ibid.).
Yellowstone wolf packs that acclimated in enclosures tended to stay together in packs (Ibid.).


Genetics


Genetic considerations are important to translocation, yet biologists performed genetic screening in
only 37% of reintroduction projects using captive-raised animals that Beck et al. (1993) reviewed. As
discussed above, translocated animals should be as genetically diverse as possible because of the
potential for founder effects and inbreeding depression within the small populations typical of
translocation programs (Frankham et al. 2002). This is especially true in the early stages of the
program. Researchers have documented inbreeding depression (reduced reproductive fitness due to
mating between close relatives -- Ralls et al. 2001, Frankham et al. 2002, Keller and Waller 2002) in a
large number of captive mammals (Ralls et al. 1988, Lacy 1997), including wolves (Laikre and Ryman
1991), and various wild populations of animals and plants (Keller and Waller 2002). Inbreeding
depression can create problems in small, reintroduced populations of large mammals because these
populations probably had low inbreeding rates prior to the arrival of European colonists (Ralls et al.
1986, Frankham 1995). Genetic problems may contribute to declining numbers in translocated herds of
bighorn sheep (Ovis Canadensis) (Fitzsimmons et al. 1997). Wildt et al. (1995) demonstrated that felid
populations with reduced genetic diversity ejaculate lower total sperm counts and extraordinarily
higher numbers of malformed spermatozoa than populations of the same species with high levels of
genetic diversity. They also showed that homozygous populations showed physiological defects,
including cardiac and immune system problems.


Outbreeding depression (reduced reproductive fitness due to mating between genetically dissimilar
individuals) is much less likely to be a problem than inbreeding depression (Ballou 1997, Ralls et al.
2001, Frankham et al. 2002). Evidence for outbreeding depression comes primarily from plants and
animals with extremely limited dispersal (Ballou 1997), and appears to be more common in plants than
animals (Ralls et al. 2001). In fact, a review by Arnold and Hodges (1995) found that even hybrids
between species are not uniformly unfit, but usually had either equivalent fitness to the two parental
taxa or higher levels of fitness than at least one of the parents. So far, studies of captive animals have
failed to find evidence of outbreeding depression in mammals (Smith et al. 1987, Jaquish 1994, Ballou
1997, R.C. Lacy, pers. com.). 


Many conservationists caution against simply trying to bolster numbers or maximize genetic
heterogeneity by translocating animals into an area with a remnant population (IUCN 1987). The
result could be “contamination” or even swamping of unique, remnant genetic stocks by the
translocated animals (Berg 1982, Stanley Price 1989). For example, when biologists released hatchery
coho salmon (Oncorhynchus kisutch) into lower Columbia basin, the released stock replaced native
populations of coho salmon (Johnson et al. 1991). On the other hand, small remnant populations may
suffer from severe inbreeding depression expressed as poor survival or reproductive success. Planners
can quickly reverse inbreeding depression in such populations by reintroducing a few individuals from
another population (Frankham et al. 2002, Keller and Waller 2002). There are now several dramatic
examples that demonstrate these benefits in small wild populations, including desert top minnow fish
(Poeciliopsis monacha) (Vrijenhoek 1996), adders (Vipera berus) (Madsen et al. 1999), prairie chickens
(Tympanuchus cupido) (Westemeier et al. 1998), and pumas (Hedrick 2001). Thus, the planning team
should consider the probable genetic costs and benefits of introducing new individuals into a small
remnant population on a case-by-case basis.


For most species, it is probably best to maximize genetic diversity among release animals. Haig et al.
(1990) suggested that biologists should select captive-bred animals in an attempt to balance the genetic
contribution from each founder (by maximizing an index called the founder genome equivalent. This
approach has been used for both red wolves and Mexican wolves (M. Phillips, pers, comm.). However,
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this strategy should not jeopardize the genetic integrity of the source population (Kleiman 1989).
Greater genetic diversity among released animals would reduce the chances for founder effects (in
which genetic diversity in a population is constrained by the diversity of the few individuals that
surviving to found a new population) and inbreeding depression, which may be important in a small
population struggling to become established. Greater diversity may also enable the population to better
adapt to its habitat.


Demography


Colonies of translocated animals must become large enough, as quickly as possible, to withstand
fluctuations in both the environment and their population size; because vacillations in either can
drastically increase chances of extinction in small populations (Gilpin and Soulé 1986, Beissenger and
McCullough 2002). To understand these population dynamics, biologists must analyze demographic
parameters such as fecundity (i.e., birth rate), mortality, population growth rate, age structure, sex ratio,
and life expectancy in natural populations (Stanley Price 1989). Comparing demographic traits of
reintroduced populations with wild populations will help managers determine when a translocated
population has become established and viable.


Demographic characteristics are also important for defining habitat quality, which is the foundation of
any good conservation management. Van Horne (1983) discussed misleading conclusions about habitat
quality when planners used simple density estimates (and presence/absence data) without knowledge of
age structure or social structure. For example, a team might conduct density surveys during the warm
months, when winter habitat may act as the limiting factor for species survival. Id. Additionally, social
interactions can push juvenile, dispersing animals into poorer quality habitat or even habitat sinks (in
which death rates exceed birth rates), because a stable population of territorial adults occupies all good
habitat. Even though individuals exist in temporarily high numbers in the poor habitat, very few of
those animals will survive to reproduce. Id. 


In polygynous carnivores (one male breeding with several females), adult females with young often
center their activities where critical resources are concentrated and easiest to obtain. When caring for
offspring, females may be restricted to optimal habitat, as they must satisfy elevated energetic
requirements with minimum time away from their young. Male carnivores, on the other hand,
sometimes wander over extensive areas searching for females. Their movements are highly variable and
often related more to reproductive needs and social status than habitat quality. For that reason, adult
females, which form the demographic base of a population, often best represent the habitat needs of a
carnivore species. Alternatively, in monogamous species, such as the kit fox, pair-bonded males and
females share the same home range (White and Ralls 1993). Without attention to demographic factors
(such as age structure, mortality, and reproduction) and behavioral information (such as social
structure), one cannot truly differentiate the quality and usefulness of various habitat types for a
reintroduced population.


Behavior 


Candidates for translocation must perform behavioral traits efficiently in a variety of situations. The
environment and a host of simultaneous behaviors necessary for survival directly influence the
expression of a given trait. Several authors suggest using behavior as a measure of success in
translocation projects (Kleiman 1989, Miller et al. 1996). Knowledge of hunting, killing, caching,
predator avoidance, reproduction, parenting, imprinting periods, social organization, communication,
territoriality, locomotion, daily movements, seasonal movements, and habitat choices all affect the
selection of individuals for release, timing of translocations, method of release, and choice of sites.
Petitioners discussed many of these factors in previous sections. 


As mentioned earlier, site fidelity and homing are important behavioral traits affecting large carnivore
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translocation success (Linnell et al. 1997). Habituating animals to release sites appears to help reduce
dispersal following translocation for many species (Stanley Price 1989, Fritts et al. 1997, Linnell et al.
1997). Permitting animals to acclimate to release sites in a group setting also permits them to hone
behavioral skills such as pack formation, social interaction, and foraging ability (Bangs and Fritts 1996).


Health & Disease


Translocation programs should carefully assess the health and physical condition of animals selected for
release (Scott 1988, Cunningham 1996). Despite the fact that Griffith et al. (1989) found no
correlation between success and physical condition of animals at time of release, biologists should,
arguably, use only animals in good physical condition for translocations. Canada lynx (Lynx canadensis)
in poor condition experienced high rates of starvation during a reintroduction in Colorado (Kloor
1999). Holding lynx in captivity until their physical condition improved appeared to help alleviate this
problem (Shenk 2006). In addition, translocations should not introduce diseases to the release site
(Cunningham 1996), yet only 46% of the translocation programs using captive-born animals conducted
medical screening before release (Beck et al. 1993). Veterinary intervention at the founder site and
screening at the proposed release site—through vaccination or post-release monitoring—can help
minimize risks (Woodford and Rossiter 1993). Papers by Ballou and Lyles (1993) provide mechanisms
for assessing the risk of disease. 


Capturing and holding animals until release likely induces stress, particularly for wild-born animals, that
can increase susceptibility to new or latent infectious diseases (Woodford and Rossiter 1993). Logan et
al. (1996) speculated that stress contributed to the deaths of some translocated wild-born pumas,
particularly adults older than 27 months of age. In contrast, none of wild-born gray wolves
reintroduced to Yellowstone Park suffered from any apparent adverse effects of their translocation and
subsequent confinement for acclimation (Phillips and Smith 1996). 


Habitat Evaluation


It is critically important to determine the extent of suitable habitat and causes for the original decline of
the species. If an area lacks sufficient habitat or if changes in human activity and behavior have not
eliminated the original cause of decline, it is nearly impossible to justify a translocation (Kleiman 1989,
Stanley Price 1989, Short et al. 1992, Miller et al. 1999). Effectively halting harvest or excessive control
programs on the species may be enough for many large carnivores (e.g., gray wolves), but other species
(e.g., grizzly bears) may be much more sensitive to human presence and disturbance. Managers should
evaluate translocation sites in terms of the species habitat requirements, spatial characteristics of the
area, and management considerations. Note that while it is relatively easy to determine a priori if
habitat is inadequate (demonstrating that one or more critical elements are missing) it is much more
difficult to demonstrate that habitat is adequate (determining that all critical elements are present).
Ideally, the translocation team should at least find sufficient evidence that the species once thrived in
the target habitat, and biologists should analyze current factors that may act against translocation
success.


When comparing sites quantitatively, prey, cover, den sites, water sources, competitors, predators, and
the presence of exotics are important factors (Miller et al. 1999). It is more difficult to assess ecosystem
resilience and the effects of disturbance such as fires, droughts, catastrophic storms, etc. although these
too are sound considerations (Kleiman 1989, Stanley Price 1989). Such disturbances often cause scale-
dependent responses, and issues of scale are difficult to understand and interpret. This is especially so
for large carnivores that, due to their extensive movements, requires managers to evaluate conservation
issues across a landscape. Because landscape level conservation is important to regional biodiversity, and
because habitat fragmentation affects landscapes on a drastic level, large carnivores function as good
indicators of wilderness quality (Miller et al. 1998).
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With an adequate and constant prey base, carnivores maintain smaller home ranges and wander over
less territory, thus exposing fewer animals to the high mortality associated with reserve and other
natural areas boundaries (Woodruffe and Ginsberg 1998). Adequate prey densities can also reduce
livestock depredation and its consequent conflicts (Chellam and Saberwal 2000). Reduced conflicts
with livestock are more likely if prey populations remain at relatively high levels. If prey populations
crash when livestock arrive, a common occurrence, livestock represent the only option for carnivores
and they can become an ecological replacement for traditional prey. Thus, even if prey populations
rebound to former levels, livestock predation may persist, particularly if livestock numbers are high.
Under those circumstances, it may be difficult to induce predators to return to native prey.  


Important spatial considerations include the degree of isolation, size, shape, and site location (in the
context of historical range). Habitat area is especially important for large carnivores because they exist
at the top of the food chain and therefore their densities are lower than species living at other trophic
levels. As such, large carnivore populations are among the first to disappear when the area of habitat
patches declines through fragmentation and alteration (Crooks 2002).


Conflict with people on reserve borders is the major cause of mortality of large carnivores living in
reserves, representing roughly 89% of grizzly bear mortality (Woodruffe and Ginsberg 1998). Because
large carnivores in small reserves more often encounter the population sink that exists at a reserve
boundary, they are most vulnerable (Ibid.). The same situation exists on the edges of natural areas
outside of reserves. Even if large animals survive in fragmented habitats for long periods, the reality of
such “edge effects” diminishes their evolutionary potential. Genetic drift (i.e., random changes in gene
frequency due to chance alone) can overwhelm the forces of natural selection in small, isolated
populations (Soulé 1995, 1996).


Corridors often help mediate the effects of habitat fragmentation, yet they remain a complex issue.
Different types of connections among habitats could benefit carnivores (Crooks 2002). For example,
corridors can connect habitat patches within a protected area or other natural areas in the immediate
region. Some large carnivores, like pumas, can negotiate intra-reserve corridors even if given an
occasional bottleneck in the connection (Beier 1993, B. Miller, pers. obs.), although individuals vary
substantially in their proclivity to do so. On the other hand, corridors that facilitate long-distance
interchange between populations of a metapopulation (i.e., a linked network of populations) often must
support residents of the focal species within the corridors (Noss and Cooperrider 1994). Though
records exist of large mammalian carnivores dispersing and covering hundreds of kilometers, these
individuals are often juvenile males. Conversely, juvenile females usually establish territories relatively
close to their area of birth (Greenwood 1980). Maintaining the capacity to naturally reestablish
populations that have “winked-out” requires the creation of habitat connections that allow the
movement of females.


Rejuvenating Ecological Processes by Translocation


How quickly or to what extent can restoring an extirpated keystone carnivore rejuvenate ecological
processes? The results vary according to temporal and geographic scales, how long the keystone has
been absent, the complexity of the system, the level of natural cycles in populations, whether
alternative states of ecosystem stability exist or not, timing and type of disturbance regimes, generation
time, dispersal capabilities, and ecological changes that occurred since the species was extirpated
(exotic invasion, new diseases, vegetation changes, etc.). Breitenmoser et al. (2001) and Soulé et al.
(2003, 2005) identified the ecosystem effects of large carnivore translocations as an important research
need.


The loss of a large carnivore can perturb a system by removing a factor that limits ungulate and
mesopredator population numbers; by changing ungulate behavior, movement patterns, and habitat use,
by altering community structure, and by modifying habitat exploitation by the remaining fauna. A


Appendix C – Page 9 of 10







surrogate species that tries to occupy the role of the former top predator, most likely will not be able to
fill that niche in the same way (e.g., coyotes replacing wolves in Yellowstone). Thus, mutualistic
relationships, competitive interactions, and food webs may change even with a surrogate species, and
possibly result in effects that ripple through the system and cause secondary extinctions in other
species. 


The level, duration, and type of ecological changes that a keystone species induces affect how easily it
can return to an ecosystem and perform its former function. In some cases, restoring a critical, missing
piece of an ecosystem can restore both structure and function, albeit slowly. When humans harvested
sea otters to near extinction, marine invertebrate herbivores increased in number and devastated the
kelp forest. This produced a cascade of indirect effects that reduced the diversity of a host of fish,
shorebirds, invertebrates, and raptors (Estes 1996, Estes et al. 1978, 1989, 1998, Estes and Duggins
1995). Following reintroduction of the sea otter, invertebrate grazers declined, and the kelp forests and
associated fauna recovered (Estes et al. 1978, 1989, 1998). 


Alternatively, translocation may not overcome the cascade of indirect changes triggered by the loss of a
keystone species. For example, in 1954 humans introduced the Nile perch (Lates nilotica) into Lake
Victoria to benefit the fishing industry (Goldschmidt 1996), causing a series of ecological events that
eliminated nearly 400 native species of fish from the lake. The catch of Nile perch rose from less than
2% of annual harvest in 1978 to almost 80% in 1986 (Kaufman 1992). Being much larger than the
native cichlids and talapias, cooking the Nile Perch meant burning more wood. Growing human
numbers and less forest led to more agriculture and agricultural runoff. Runoff increased nutrients in the
lake, and with the decline of native herbivorous fish, the shallower waters experienced algal blooms.
Lake Victoria once had high oxygen levels at all depths, but the algal blooms depleted oxygen below
25 meters, with a trend toward total anoxia (Kaufman 1992). Such eutrophic (i.e., low oxygen)
conditions caused exotic water hyacinths (Eichornia crassipes) to choke important breeding areas in
shallow water (Primack 1998). Restoration of Lake Victoria thus requires much more than just the
reintroduction of talapia and cichlid species.


In sum, translocation may have a variety of effects upon the system, at many trophic levels.  Given the
experience of other wolf translocation efforts, especially in the Northern Rocky Mountains, the
bottom-line effects would be an ecologically positive net sum gain. 


Appendix C – Page 10 of 10








A PETITION


TO PREPARE A RECOVERY PLAN & DESIGNATE CRITICAL HABITAT


FOR THE GRAY WOLF (Canis lupus)
IN THE SOUTHERN ROCKY MOUNTAINS


Black wolf in Yellowstone National Park (Mollie Pack).  Courtesy of Ray Liable.  Copyright 2007.
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I.  EXECUTIVE SUMMARY


WildEarth Guardians hereby petitions the United States Fish and Wildlife Service (Service or
FWS) to develop and implement a recovery plan for the gray wolf (Canis lupus) (wolf or wolves)
in the Southern Rocky Mountains (or Southern Rockies) pursuant to the federal Endangered
Species Act, 16 U.S.C. 1531 § et seq. (ESA), and Section 553 of the Administrative Procedure Act
(APA), 5 U.S.C. 553.  We further request designation of critical habitat for this species in the
Southern Rockies, pursuant to provisions of the ESA, 16 U.S.C. § 1532(5)(B) and the APA, 5
U.S.C. § 553(e) and 50 C.F.R. § 424.14(d).


Gray wolves, the largest member of the canid family, once numbered in the hundreds of
thousands across most of North America prior to and during early European settlement of the
continent. Yet, by the mid-1940s, the species had been nearly completely extirpated from most
of the lower forty-eight states.  The last wild wolves in the Southern Rocky Mountains were
eliminated by 1945. The ecological implications of eradicating wolves are now much better
apprehended by science, and as explained in this petition, form the basis for the petitioner’s
pleadings.


Gray wolves are highly social animals, form packs in which (ordinarily) only the dominant or
alpha male and female breed. Pack size, litter size and pack ranges can vary widely, and are
functionally determined by prey abundance and behavior. Wolves prey on a variety of wildlife,
but are primarily dependent on ungulates, such as caribou, elk, and deer. Healthy wolf
populations can have dramatic beneficial effects on the ecology of a region. The reintroduction
of wolves in the greater Yellowstone area, for example, has led to significant reductions in coyote
populations, concomitant increases in pronghorn antelope, raptor, and small rodent populations,
and improved riparian forest regeneration, thus helping increase songbird diversity and
abundance.


Shortly after the passage of the ESA, the FWS listed as endangered four then-recognized
subspecies of gray wolves: the eastern timber wolf (C. l. lycaon), the Northern Rocky Mountain
wolf (C. l. irremotus), the Mexican gray wolf (C. l. baileyi), and the Texas gray wolf (C. l. monstrabilis).
In 1978, in light of growing taxonomic uncertainty surrounding these classifications, FWS
relisted the entire species, in the lower-48 states. Despite this change in listing status, however,
the Service continued to manage gray wolves on a subspecies basis, thus leaving significant gaps
in the range of the taxon.  Moreover, the   listed entity (wolves outside the   Northern Rockies   or  
Great Lakes  ) lacks a recovery plan(s), in violation of   16 U.S.C. 1531 §   1533(f).  


Aiming to fill one of the aforementioned gaps in the occupied/recovered range of gray wolves,
this petition invokes the mandates of the ESA for the full recovery of the gray wolf in the
Southern Rockies. It then discusses why recovery planning for the species in the Southern Rocky
Mountains is warranted and indicates areas for reintroduction of the species.


This petition also pleads for the concurrent designation of critical habitat for gray wolves in the
Southern Rocky Mountains.  Petitioners request that FWS consider for recovery planning and
critical habitat designation purposes all habitat within the Southern Rocky Mountains that is
currently suitable or that could be made suitable through mitigation of anthropogenic threats to
the species.  Petitioners expect that FWS will carry out its duties under the ESA and the APA in
processing and acting upon this petition expeditiously in order to ensure the long-term
conservation of the species.
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II.  PETITIONER


This petition is respectfully submitted by WildEarth Guardians.  WildEarth Guardians protects
and restores wildlife, wild rivers and wild places in the American West.  Using a combination of
litigation, scientific analysis, and grassroots organizing, WildEarth Guardians fiercely defends the
West’s wild heritage.  WildEarth Guardians has approximately 4,500 members across the nation,
many of whom live in or frequently visit the Southern Rocky Mountains for their recreational,
scientific, and spiritual pursuits. WildEarth Guardians has been significantly involved in the effort
to restore and protect wolves in the American West for over 15 years. 


III.  SPECIES DESCRIPTION


This petition calls for the development of a recovery plan and designation of critical habitat for
gray wolves (C. lupus) in the Southern Rocky Mountains. Although the taxonomic and recovery
history of the species and various subspecies within the range of the taxon in the lower forty-
eight states is complex, this petition takes no position on the appropriateness of any particular
subspecies of Canis lupus for the Southern Rocky Mountains, but rather acknowledges that the
region was historically occupied by C. l. nubilus (Nowak 1995), and that the southern portion of
the ecoregion likely represented a “zone of gradation” between  C. l. nubilus and the Mexican wolf
C. lupus baleyii  (Phillips et al. 2000).  Therefore, the species description (and the petition focus)
herein remains grounded at the species level (i.e. C. lupus).


Gray wolves are the largest wild members of the dog family (Canidae). Adult gray wolves range
from 18–80 kilograms (kg) (40–175 pounds (lb)) depending upon sex and region (Mech 1974, p.
1). In the NRM, adult male gray wolves average over 45 kg (100 lb), but may weigh up to 60 kg
(130 lb). Females weigh slightly less than males. Wolves’ fur color is frequently a grizzled gray,
but it can vary from pure white to coal black (Gipson et al. 2002, p. 821). Gray wolves have a
circumpolar range including North America, Europe, and Asia. As Europeans began settling the
U.S., they poisoned, trapped, and shot wolves, causing this once widespread species to be
eradicated from most of its range in the 48 conterminous States (Mech 1970, pp. 31–34;
McIntyre 1995).


Gray wolf populations were eliminated from Montana, Idaho, and Wyoming, as well as adjacent
southwestern Canada by the 1930s (Young and Goldman 1944, p. 414). Wolves primarily prey
on medium and large mammals. Wolves normally live in packs of 2 to 12 animals. In the NRM,
pack sizes average about 10 wolves in protected areas, but a few complex packs have been
substantially bigger in some areas of Yellowstone National Park (YNP) (Smith et al. 2006, p. 243;
Service et al. 2007, Tables 1–3).


Packs typically occupy large distinct territories from 518 to 1,295 square kilometers (km2) (200
to 500 square miles (mi2)) and defend these areas from other wolves or packs. Once a given area
is occupied by resident wolf packs, it becomes saturated, and wolf numbers become regulated by
the amount of available prey, intra-species conflict, other forms of mortality, and dispersal.
Dispersing wolves may cover large areas as they try to join other packs or attempt to form their
own pack in unoccupied habitat (Mech and Boitani 2003, p. 11–17).


Typically, only the top-ranking (‘‘alpha’’) male and female in each pack breed and produce pups
(Packard 2003, p. 38; Smith et al. 2006, pp. 243–4; Service et al. 2007, Tables 1–3). Females and
males typically begin breeding as 2-year-olds and may annually produce young until they are
over 10 years old. Litters are typically born in April and range from 1 to 11 pups, but average
around 5 pups (Service et al. 1989–2007, Tables 1–3). Most years, four of these five pups survive
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until winter (Service et al. 1989–2007, Tables 1–3).


Wolves can live 13 years (Holyan et al. 2005, p. 446), but the average lifespan in the NRM is less
than 4 years (Smith et al. 2006, p. 245). Pup production and survival can increase when wolf
density is lower and food availability per wolf increases (Fuller et al. 2003, p. 186).


Pack social structure is very adaptable and resilient. Breeding members can be quickly replaced
either from within or outside the pack and pups can be reared by another pack member should
their parents die (Packard 2003, p. 38; Brainerd et al. 2008; Mech 2006, p. 1482). Consequently,
wolf populations can rapidly recover from severe disruptions, such as very high levels of human-
caused mortality or disease.


After severe declines, wolf populations can more than double in just 2 years if mortality is
reduced; increases of nearly 100 percent per year have been documented in low-density suitable
habitat (Fuller et al. 2003, pp. 181–183; Service et al. 2007, Table 4).


RECOVERY HISTORY & BACKGROUND  


Gray wolves were first listed as an endangered species in 1967.  Shortly after passage of the ESA
in 1973, the FWS initiated federal efforts to recover wolves. The first list of endangered species
included the eastern timber wolf (C. l. lycaon), and the northern Rocky Mountain wolf (C. l.
irremotus) (U.S. Fish and Wildlife Service 1974). In April 1976, the Mexican wolf (C. l. baileyi) was
listed as endangered (Federal Register 41:17740). In June 1976, the Texas wolf (C. l. monstrabilis) was
listed as endangered (Federal Register 41:24064). At the time, gray wolves were only represented by
a remnant population in northeastern Minnesota and a few animals on Isle Royale National Park.


In 1978, recognizing a trend among taxonomists to recognize fewer subspecies of wolves, the
FWS combined the subspecific listings for the gray wolf and reclassified it at the species level as
endangered throughout the conterminous United States and Mexico, except for Minnesota
where the gray wolf was reclassified to threatened (Nowak 1978). As the FWS finalized this
reclassification, some voiced concern that eliminating subspecific differentiation could jeopardize
efforts to locate and maintain subspecific stocks.


In response, the FWS indicated that efforts would continue to recognize valid subspecies for
purposes of research and conservation (Nowak 1978). Shortly after the listing action was
completed, the FWS formed recovery teams that were charged with developing and
implementing plans for recovering wolves. Those teams then developed three plans that cover
three separate geographic areas within the range of the taxon: the Great Lakes, the northern
Rockies, and the southwestern U.S. (for the Mexican Wolf).  Presently, there is no range-wide
recovery goal for wolves, and no region-specific recovery goal for wolves in the Southern
Rockies (thus, the submission of this petition).


The Gray Wolf in the Great Lakes Region


The gray wolf recovery plan was written for the Great Lakes region and approved by the FWS in
May 1978 (U.S. Fish and Wildlife Service 1978). The recovery plan for the Great Lakes does not
include goals or criteria for the wolf population on Isle Royale because it is not considered an
important factor in the long-term survival of the species. The population on the island is small
(i.e., usually includes 12 to 25 animals and has never included more 50 wolves) and almost
completely isolated from other wolf populations (Peterson et al. 1998). While assigning no
“recovery value” to the Isle Royale population, the FWS does recognize the population’s
importance as the focus of long-term research and has recommended that it be completely
protected (U.S. Fish and Wildlife Service 1992). 
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A revised plan, approved in January 1992 (U.S. Fish and Wildlife Service 1992), included two
delisting criteria. The FWS considered wolves in the Great Lakes region as a single population
that would be recovered once the survival of the Minnesota population was secure and an
additional viable population lived outside of Minnesota. These criteria have been met since the
year 2001, and the FWS announced that the Great Lakes Distinct Population (DPS)1 segment
was de-listed in March of 2007—thereafter managed by the states (2007 Federal Register 72: 6052-
6103). There are now nearly 4,000 wolves in Minnesota, Wisconsin, and Michigan—the Great
Lakes region (2007 Federal Register Vol. 72: 6051- 6103). 


Prior to passing the ESA, wolves in Minnesota were not protected and could be hunted and
trapped. Additionally, the State sponsored a control program that included aerial gunning and
bounty payments. Aerial gunning ended in 1956 and bounty payments ended in 1965
(Minnesota Department of Natural Resources 2001). From that time until 1973, some wolves
were killed for fur, while others were killed under the state’s predator control program. Various
surveys conducted from the late 1950s to 1973 indicated that the Minnesota wolf population did
not exceed 1,000 animals and dropped as low as 350-700 individuals.


After wolves were included on the list of threatened and endangered species, the population in
Minnesota began to grow and expand into Wisconsin and Michigan. Historically, Wisconsin
held about 3,000 to 5,000 wolves, but from about 1830 to 1960 that number dropped to zero
(Thiel 1993, Wydeven et al. 1995). Until the mid-1970s, occasional sightings were reported, but
there was no evidence of reproduction (Wisconsin Department of Natural Resources 1999). By
the mid-1980s, the wolf population numbered 15 to 25 animals (Wydeven et al. 1995). By 1997,
the Wisconsin wolf population had exceeded the state’s endangered criteria and its status was
changed to threatened (i.e., 80 or more wolves for 3 successive years). 


In Michigan, the last known breeding population of wolves (outside of Isle Royale) was reported
in the mid-1950s. While numbers continued to decline through the 1970s, it is possible that
wolves were never completely extirpated from the state (Michigan Department of Natural
Resources 1997). During the 1980s, reports of wolves in the Upper Peninsula increased, and a
pair produced pups there in 1991. 


In 1997, the Michigan Department of Natural Resources finalized a comprehensive management
plan for Michigan’s wolf population. In 1999 and 2001, Wisconsin’s and Minnesota’s Departments
of Natural Resources did the same (respectively). Those three state plans should ensure the long-
term survival of wolves in the Great Lakes region.


By 2001, the wolf population in Minnesota included > 2,500 animals distributed over about 40%
of the state, Wisconsin’s wolves numbered 251 animals distributed over about 40% of Wisconsin,
and Michigan had 249 animals distributed over about 30% of the State. As of 2006, the
population in Minnesota contained 3,020 wolves, Wisconsin had 465 wolves, and Michigan had
434—not counting Isle Royale’s 30 wolves (2007 Federal Register Vol. 72: 6051- 6103). 


The Gray Wolf in the Northern Rocky Mountains


In 1974, the FWS started an interagency wolf recovery team, which then completed the


1 In 1996 the FWS and the National Marine Fisheries Service adopted a policy for recognizing DPS for purposes of listing, reclassifying, and delisting
vertebrate species (Fay and Nammach 1996). This policy may allow the Service to protect and conserve species and the ecosystems upon which they
depend before large-scale declines occur that would necessitate listing a species or subspecies throughout its entire range. For a group of vertebrates to be
recognized as a DPS they must be “discrete” and “significant.” Discreteness requires that the population segment be delimited by physical, physiological,
ecological, or behavioral barriers or by an international boundary that coincides with differences in the degree of protection. Significance requires that the
population segment inhabit an unusual or unique ecological setting, exhibit marked genetic differences from other populations of the parent taxon, or
inhabit an area that, if devoid of the species would result in a significant gap in the range of the taxon.
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Northern Rocky Mountain Wolf Recovery Plan (U.S. Fish and Wildlife Service 1980). A revised
plan focused recovery on northwestern Wyoming, western Montana, and central Idaho (U.S.
Fish and Wildlife Service 1987). These areas are characterized by large tracts of public land,
healthy populations of native ungulates, and relatively few livestock. The 1987 plan identified
several criteria for down-listing and delisting the species and predicted that about 300 wolves in
30 packs would inhabit the region at the time of recovery. The plan promoted natural recovery
for Montana and Idaho, if two packs had become established in Idaho by 1992. If two packs did
not exist in Idaho by 1992, then reintroduction would become a tool for Idaho and YNP. The
Plan recognized that the most certain way to restore wolves to the Greater Yellowstone
Ecosystem was by reintroduction.


During the 1960s, the stage was set for wolves to naturally recolonize northwestern Montana as
the Canadian government greatly reduced human-caused mortality in southwestern Canada
(Carbyn 1983). By the 1970s, dispersing wolves were traveling through northwestern Montana,
and by 1982 a pack inhabited Glacier National Park (Ream and Mattson 1982). In 1986, the first
litter of pups in over 50 years was born there (Ream et al. 1985, Ream et al. 1989). By 1993, the
number of wolves in northwestern Montana had increased to 55 (Fritts et al. 1995). By December
2001 the population included 84 wolves (U.S. Fish and Wildlife Service et al. 2002). By 2003
there were 183 wolves and the population essentially stopped growing; by 2006 there were 159
individuals in Montana (2007 Federal Register Vol. 72: 6106- 6139). Northwestern Montana has
lower ungulate densities and higher levels of livestock than the other two areas of the Northern
Rockies Area (Idaho and Yellowstone), thus wolves may be closer to their carrying capacity—
particularly the capacity of human tolerance (Bangs et al. 2001).


By the early 1990s, two naturally occurring packs had not materialized in Idaho, and interest in
restoring wolves to YNP had intensified. While Leopold (1944) had first discussed wolf
restoration to the Park in the 1940s, it was not until 1972 that the Department of Interior
officially considered the idea. That stimulated a study to determine if any wolves remained in
Yellowstone; infrequent sightings were still being reported to Park officials. The study concluded
that wolves were absent from the Park and recommended that the species be restored through
reintroductions (Weaver 1978).


In 1989, Congressman Wayne Owens (D-UT) introduced a bill in the U.S Congress that
required the FWS to prepare an Environmental Impact Statement (EIS) on wolf reintroduction to
Yellowstone Park. The bill prompted numerous discussions, but it did not authorize an EIS.
Congress did, however, fund two reports aimed at answering the many questions surrounding
wolf restoration (Yellowstone National Park et al. 1990, Varley and Brewster 1992). In 1992,
Congress directed the FWS to prepare an EIS on wolf reintroduction to Yellowstone and central
Idaho. 


Authorization initiated what would become one of the most extensive public processes ever
conducted for a national environmental issue. The EIS took 2½ years to complete and covered all
aspects of reintroducing wolves to Yellowstone and central Idaho. After releasing the draft EIS,
government officials held more than 130 public hearings and meetings, and considered 160,000
public comments from all fifty states and forty foreign countries (U.S. Fish and Wildlife 1994).
The final EIS was published in April 1994, and by July 1994 the Secretaries of the Interior and
Agriculture had signed a “Record of Decision and Statement of Findings on the Environmental
Impact Statement” effecting the final EIS as the federal government’s official policy.


The final EIS recommended reintroducing about 15 wolves annually to both Yellowstone and
Idaho. This would continue for three to five years, and the wolves would come from Canada. It
also recommended that released wolves and their offspring be designated as members of
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experimental-nonessential populations per section 10(j) of the ESA (Bangs 1994). Such a
designation allows the FWS to relax the restrictions of the ESA when managing wolves (Parker
and Phillips 1991, Bangs 1994). 


The restoration plan called for releasing wolves in Idaho immediately after being moved from
Canada (i.e., a “hard” release), whereas in Yellowstone the wolves would be acclimated for several
weeks in large pens at the site of release before being set free (i.e., a more labor-intensive, “soft”
release). Because hard releases are most easily conducted, they have been commonly used to
reintroduce wildlife throughout North America (Griffith et al. 1989). While the overarching
objective was to establish populations of wolves in the Greater Yellowstone Area and central
Idaho as quickly and cost-effectively as possible, the FWS did decide to test the two approaches
(hard releases versus soft releases) to refine and optimize subsequent releases and to gain
information to benefit future wolf reintroductions (Fritts et al. 1997).


In January 1995, 15 wolves from Alberta, Canada were released in Idaho. In January 1996, 20
wolves from British Columbia, Canada were released in Idaho (Bangs and Fritts 1996, Fritts et al.
1997). In March of 1995, the FWS approved a Nez Perce Tribe wolf management plan, but that
plan applied only to listed wolves (Federal Register: February 27, 2008 (Volume 73, Number 39)).
The overall goal of the plan was to establish a wolf population in central Idaho that will
contribute to the recovery of the species in the northern Rocky Mountains.


During March 1995, 14 wolves from Alberta were released in YNP. In January 1996, 17 wolves
from British Columbia were released in Yellowstone (Phillips and Smith 1996). Furthermore, due
to a wolf control action in northwestern Montana, 10 pups were placed in an acclimation pen in
the Park in late 1996. These wolves were under the jurisdiction of the National Park Service and
the FWS.


Both wolf opponents and proponents filed several lawsuits over the experimental-nonessential
designation for reintroduced wolves. Wolf proponents claimed that the designation illegally
reduced protection of the ESA for naturally occurring wolves inhabiting northwestern Montana
and possibly central Idaho. In December 1997, wolf opponents won the day when a Wyoming
federal judge in the U.S. District Court of Wyoming determined that the designation had been
illegally applied and ordered the FWS to remove the already reintroduced wolves and their
offspring. Given the ramifications of his determination, the order was stayed pending appeal.
The appeal was settled in January 2000 as the 10th Circuit Court of Appeals (Denver, Colorado)
reversed the Wyoming court order. The losing parties did not appeal to the United States
Supreme Court.


The reintroduced wolves adapted better than predicted. Only two years of reintroductions were
required to ensure population establishment rather than three to five years of reintroductions as
predicted (Fritts et al. 1997). Compared to predictions in the EIS, the wolves have produced
more pups, survived at a higher rate, and caused fewer conflicts with humans2 (Phillips and Smith
1996, Bangs et al. 1998, Smith et al. 1999, Fritts et al. 2001). Additionally, by 2001 over 70,000
visitors to Yellowstone have observed wolves (National Park Service unpublished data) and
public interest in recovery remains high. 


Both hard and soft-release techniques established wolf populations. Fritts et al. (2001) concluded:
2 The frequency of wolf control belies the actual magnitude of the wolf-livestock problem. For example, only about 1% of farms in wolf range in
Minnesota suffer verified wolf depredations (W. J. Paul, unpublished report, 1998 as cited by Mech et al. 2000). Similarly, in the northern Rockies average
annual confirmed losses have been slight: 4 cattle and 28 sheep 9 (and 4 dogs) in the Greater Yellowstone Area and 9 cattle and 29 sheep (and 2 dogs) in
Idaho. These rates are one-third to one-half of the rates predicted in the Environmental Impact Statement. In contrast livestock producers in Montana
annually report losing about 80,000 cattle and 90,000 sheep (Bangs 1998). Financial compensation for livestock losses has proven useful for minimizing
animosity toward wolves (Fischer 1989, Fischer et al. 1994). 
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“It appears that if landscape conditions, prey availability, wolf restoration stock, and early
release management are suitable … the choice of hard versus soft release seems to matter
little. Nonetheless, hard releases may be advantageous if the size of the area can
accommodate wolves wandering without encountering people or killing livestock. The
technique is relatively inexpensive as well, and involves less husbandry. If the size of the
area is restricted, however, then a soft release should be used to limit post-release
movements. Because few areas are as extensive as central Idaho, soft releases are likely to
be preferred in future wolf restoration efforts.”


The above summary of the Yellowstone project is complemented well by several books that
provide additional details, including Fischer (1995), Ferguson (1996), Phillips and Smith (1996),
Schullery (1996), McNamee (1997), and Smith and Ferguson (2005). 


From the original 31 Canadian wolves of 1995 and 1996 (plus the 10 pups from northwestern
Montana in 1996), the wolf population inhabiting the Greater Yellowstone Area grew to 189
individual wolves by December of 2001; by 2006, the number in the Greater Yellowstone Area
was 371 (2007 Federal Register Vol. 72: 6106- 6139). Under the guidance of the Nez Perce Tribe,
there were 251 wolves in Idaho by the end of 2001 and 713 by 2006 (2007 Federal Register
(Volume 72: 6106- 6139)). With the 159 wolves in northwestern Montana, that meant there
were 1,243 wolves in the Northern Rockies Area. 


The recovery goal set in 1987 10 or more breeding pairs in each of the three recovery areas for
three consecutive years, giving a total of more than 300 individual wolves throughout the region
(Refsnider 2000:43454, 43457). By 1999, the FWS indicated that they might change the
objectives for recovery. This was likely due to ceaseless political controversy, early rapid growth
of wolf populations in the Greater Yellowstone Area and central Idaho, and the relatively slow
growth of the wolf population in Montana. The new objective for recovery came from Appendix
9 of the EIS for the reintroductions (U.S. Fish & Wildlife Service 1994:6-75). It stated: 


“Thirty or more breeding pairs comprising some 300+ wolves in a
metapopulation with genetic exchange between sub-populations should have
a long-term probability of persistence.”


In November 2001, the FWS queried dozens of professionals familiar with wolf recovery on the
topic of population viability. By February 2002 (Bangs 2002), the FWS had determined that the
official recovery goal for the Northern Rockies would be maintenance of a viable wolf population
for three consecutive years. A viable population was defined as:


“Thirty or more breeding pairs (an adult male and an adult female wolf that have
produced at least 2 pups that survived until December 31 of the year of their
birth, during the previous breeding season), comprising some 300+ wolves in a
metapopulation with genetic exchange between sub-populations.”


The population of wolves no longer had to be distributed equally. This recovery objective was
reached in December 31, 2002. The FWS then proposed that the gray wolf in the Northern
Rocky Mountains DPS be removed from the list of threatened and endangered species. Besides
the Greater Yellowstone Ecosystem, northwestern Montana, and central Idaho (areas having
wolves), this DPS includes the eastern parts of Washington and Oregon, north-central Utah, and
the rest of Montana, Idaho, and Wyoming—areas of former range where wolves no longer exist
(2007 Federal Register Vol. 72: 6106- 6139).


One hurdle remained. Wolves could not be delisted in the Northern Rockies DPS until
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Wyoming, Idaho, and Montana each submitted management plans assuring that adequate
regulatory mechanisms existed to protect wolves at or above recovery level after federal
protection was removed; the plans had to be approved by the FWS (2007 Federal Register Vol. 72:
6106- 6139). There is no point in removing federal protection from a threatened or endangered
species if the subsequent local management will then mismanage the species to the point where it
is again threatened.


In January 2002, the Montana Fish, Wildlife, and Parks department released a conservation and
management plan which was accepted by the FWS. In March 2002, the Idaho Legislative Wolf
Oversight Committee finalized a wolf conservation and management plan (Idaho Legislative
Wolf Oversight Committee 2002). This plan was developed and approved by the state legislature
and the FWS. After delisting, the Nez Perce Tribe will give management responsibilities to the
Idaho Game and Fish Department. Because of Tribe’s expertise, the Idaho Department of Game
and Fish intends to consult with the Tribe when the state assumes management authority.


Even though the 2002 legislature in Idaho approved a wolf management plan that was acceptable
to the FWS, the 2001 legislature had previously passed House Joint Memorial No. 5 which “not
only calls for, but demands, that wolf recovery efforts in Idaho be discontinued immediately and
wolves be removed by whatever means necessary.” As indicated in the final management plan,
House Joint Memorial No. 5 continues to be the official position of the state of Idaho. The
official position notwithstanding, Memorial No. 5 does not carry the weight of law.
Nevertheless, Idaho governor Butch Otter spoke at “Idaho Sportsman's Day” on 11 January of
2007, and he vowed to kill more than 80 percent of Idaho's wolves, perhaps shooting the first
one himself; he promised to begin the moment wolves are removed from the federal endangered
species list (Woodruff 2007).


Wyoming did not complete a wolf management plan until 2004, and that plan was rejected by
the FWS as inadequate to maintain wolves at a recovery level (2007 Federal Register Vol. 72: 6106-
6139). Wyoming litigated this decision in the Wyoming Federal District Court, but the case was
dismissed on procedural grounds. Id. Wyoming appealed, but in April of 2006 the Tenth District
Court of Appeals (in Denver, Colorado) agreed with the Wyoming District Court. Thus, on
August 1, 2006, the FWS determined that wolves of the Northern Rockies Area could not be
delisted because Wyoming did not provide the necessary regulatory mechanisms to conserve
their share of the wolf population (2006 Federal Register Vol. 71: 43410). In short, Wyoming would
declare the wolf a predatory animal outside of the northwestern section of the state, meaning
they could be shot on sight, and the FWS thought that was a threat to the species (Smith and
Ferguson 2005).


The FWS delisted gray wolves in the Northern Rocky Mountains in February of 2008 (Federal
Register Vol. 73, Number 39), however litigation had, at the time of filing this petition, forced the
FWS to voluntarily rescind the delisting final rule.  As such, wolves in the Northern Rocky
Mountains will remain endangered, except where designated as a experimental non-essential
population.


The Mexican Gray Wolf in the Southwest


The Mexican wolf was extirpated from the southwestern U.S. by the 1940s. Between 1977 and
1980, under an agreement between the United States and Mexico, five Mexican wolves were
captured in the Mexican states of Durango and Chihuahua. These four males and one pregnant
female were transported to the Arizona-Sonora Desert Museum to establish a captive breeding
program. In 1979, the Service formed a Mexican Wolf Recovery Team. That team finalized a
binational recovery plan with Mexico in 1982 (U.S. Fish and Wildlife Service 1982). The prime
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objective of the plan was to maintain a captive breeding program and to reestablish a population
of at least 100 Mexican wolves within their historic range (U.S. Fish and Wildlife Service 1982).
The plan called for the re-establishment of at least two wild populations, but did not specify a
population goal for the second one. The recovery team considered the prime objective to be a
necessary action for “conserving and ensuring the survival of the Mexican wolf,” but did not
propose a numerical objective for full recovery and delisting (from the ESA) of the Mexican wolf.


Given the absence of wild Mexican wolves, captive breeding is essential to recovery. In the mid-
1990s two captive lineages of Mexican wolves were found to be of pure wild strains and were
included in the captive breeding program. This increased the number of founders of the captive-
bred population to seven. Thus, all known Mexican wolves in existence today stem from these
seven founders—a true brush with extinction. By the end of 2006, the captive breeding program
included about 291 animals maintained at 33 facilities in the United States and 15 facilities in
Mexico. Management of this program is guided by a Species Survival Plan (SSP) developed and
implemented by the American Zoo and Aquarium Association (Siminski and Spevak 2006). A
goal is to keep at least 240 wolves in captivity to protect the species in the captive reservoir,
while producing additional animals for reintroduction (www.fws.gov/southwest/es/mexicanwolf). 


Wolves at three U.S. facilities are bred and managed for reintroduction: The Sevilleta National
Wildlife Refuge and Ladder Ranch (owned by Ted Turner) wolf management facilities, both in
New Mexico, and Wolf Haven International in Tenino, Washington. Wolves with potential for
reintroduction are managed with minimal human contact. That promotes behavior to avoid
humans and maximizes pair bonding, breeding, pup rearing, and pack formation. Wolves are
selected for reintroduction by genetic makeup, reproductive performance, behavior, and physical
prowess (www.fws.gov/southwest/es/mexicanwolf). 


During the early 1990s, with the species becoming increasingly secure in captivity, the FWS
began developing an EIS for reestablishing a wild population. After considering nearly 18,000
comments on the draft EIS, the Service recommended reintroducing Mexican gray wolves to the
Blue Range Wolf Recovery Area (U.S. Fish and Wildlife Service 1996). The Record of Decision
was signed in March 1997, and the specifics for reintroduction and management were published
shortly thereafter (Federal Register April 3, 1997 (Volume 62, Number 64); Parsons 1998).
Similarly, the Arizona Game and Fish Department (AGFD) concluded that the Arizona portion
of the Blue Range Wolf Recovery Area was best suited for a reintroduction project (Johnson et al.
1992). In 1995, the AGFD developed a cooperative reintroduction plan for this area (Groebner
et al. 1995). 


The Blue Range Wolf Recovery Area encompasses 17,752 km2 (6,854 mi2) of the Gila National
Forest in New Mexico and the Apache National Forest in Arizona and New Mexico. The final
rule (Federal Register April 3, 1997 (Volume 62, Number 64); Parsons 1998) authorizes the Service
to reintroduce wolves only in the “primary recovery zone” of the Blue Range Wolf Recovery
Area, an area that encompasses about 2,664 km2 (1,091 mi2) of the Apache National Forest. The
remainder of the Blue Range Wolf Recovery Area comprises the “secondary recovery zone.” The
Service is authorized to only conduct re-releases in the secondary recovery zone. Wolves that
travel from the primary recovery zone can inhabit the secondary zone. Wolves that live entirely
outside the boundaries of the Blue Range Wolf Recovery Area are required to be captured and
brought back or returned to captivity (www.fws.gov/southwest/es/mexicanwolf). This is the only
endangered species reintroduction project where hard boundaries legally limit the area that can
be occupied by the species in the wild, even though suitable areas exist on public lands outside
the boundary.


At the beginning of the project, the New Mexico Game Commission officially opposed the Blue
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Range Wolf Recovery Area project. On March 29, 2002 the Game Commission unanimously
reaffirmed its opposition to the reintroduction of wolves in the Gila National Forest portion of
the Blue Range Wolf Recovery Area. Citing a study by the NM Game and Fish Department, the
Commission claimed that no potential wolf release sites in the Gila National Forest would
provide the biological and societal characteristics necessary for success. A new Game
Commission appointed by incoming Governor Bill Richardson reversed the position to one of
support for wolf reintroduction and recovery in the state at its meeting on April 4, 2004. Early
opposition to the Blue Range Wolf Recovery Area project notwithstanding, the New Mexico
Game and Fish Department (NMGFD) has provided a field biologist to serve on the Interagency
Field Team since 1999, and is now one of six co-leading agencies. In addition, the White
Mountain Apache and San Carlos Apache Tribes initially showed little interest in the
reintroduction, but the White Mountain Apache became a member of the six co-leading agencies
in 2002, and began allowing wolves to occupy Tribal lands in 2003.


In contrast, the Arizona Game Commission has never opposed the Blue Range reintroduction
project; and the AGFD has actively acquired lead roles in the management of the wild population
and in the management decision-making process. The AGFD promoted the 2003 memorandum
of understanding which formed the multi-agency Adaptive Management Oversight Committee,
which it leads. The AGFD has a much larger budget (from lottery proceeds) than does the
NMDGF.


The FWS’s reintroduction plan called for releasing about 15 wolves every year for up to five
consecutive years, beginning in 1998 (Parsons 1998). The plan also called for designating
reintroduced wolves and their offspring as members of an experimental-nonessential population
(Parsons 1998). Ninety-one Mexican wolves were released from 1998 through 2006—four years
beyond the anticipated need to release wolves. Additional future releases may be necessary. The
Adaptive Management Oversight Committee has implemented standard operating procedures for
addressing livestock-wolf conflicts and other concerns of local people. The Service estimated
that it would take nine years (1998-2006) to reach a population of 100 wolves with 18 breeding
pairs (U.S. Fish and Wildlife Service 1996). According to official project updates at the nine-year
mark, the population was estimated to be 49-59 wolves and 7 breeding pairs (6 breeding pairs
under a strict application of the definition). As of the end of February 2007, additional lethal
control has eliminated the alpha male of one of these breeding pairs. Two lawsuits filed by
primarily livestock interests to stop the Mexican wolf reintroduction project did not prevail.


The population of Mexican wolves has not grown as fast as did the populations in other regions.
The prediction of 100 wolves and 18 breeding pairs after nine years (2006) has not been met.
Average litter size is 2.1, compared to 4.2-6.9 elsewhere (Fuller, et al. 2003), and the average
pack size is 4.8 (www.fws.gov/southwest/es/mexicanwolf). A telling finding in the five-year
review from 1998-2003 (http://www.fws.gov/southwest/es/mexicanwolf/MWNR_FYRD.shtml)
was an average annual failure rate of 64 percent. Failure rate is the sum of wolf mortalities plus
wolves killed or removed from the wild by deliberate management actions carried out by the
agencies (e.g., because a wolf preyed on livestock three times). Such a high failure rate is
unsustainable without continued supplementation of the population through releases, especially
given the lower than average litter sizes. This explains the continuation of releases beyond what
was initially anticipated.


Most mortality of Mexican wolves has been human-caused. From 1998 through February 2007
there have been 23 illegal shootings, 10 killed by vehicles, 9 lethally controlled by the agencies,
13 that died directly or indirectly from capture complications, and 12 that died from natural or
unknown causes (unpublished data from agency monthly and annual reports). An additional 24
wolves were captured and removed from the wild, which from a population dynamics perspective
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is equivalent to mortality (Paquet et al. 2001).


The EIS predicted livestock depredation rates of 1-34 head per 100 wolves. From 1998-2004
confirmed kills of livestock (cattle) by Mexican wolves averaged 14 per an adjusted population of
100 wolves (Mexican Wolf Blue Range Adaptive Management Oversight Committee and
Interagency Field Team 2005, U.S. Fish & Wildlife Service 2006). In 2005 the rate increased to
45 head per 100 wolves. One factor contributing to livestock depredation in the Blue Range Wolf
Recovery Area is the practice of year-round grazing with open range calving on a significant
portion of the area. 


The Mexican Wolf Recovery Plan was approved and adopted in 1982. Its objective is described
above. FWS policy requires that recovery plans be reviewed every five years and updated or
revised if they are out of date or not in compliance with the ESA. The Mexican Wolf Recovery
Plan has never been updated or revised even though it does not contain “objective, measurable
criteria which, when met, would result in a determination…that the species be removed from the
list” (ESA Section 4(f)(2)(B)(ii)) nor a detailed plan for fully recovering Mexican wolves
throughout a significant portion of their historic range to a population status that warrants
delisting from the ESA. The current Mexican Wolf Recovery Plan has been in effect, in its
original form, for 25 years and needs revision. Following the listing of a Southwestern Gray Wolf
DPS, the FWS initiated a process for revising the recovery plan in October 2003 but suspended
that effort in January 2005 after a federal court ruling that vacated the DPS listing (Defenders of
Wildlife v. Norton, 03-1348-JO). Though the gray wolf remains listed as endangered in the
Southwest under the 1978 listing rule, the FWS has not reinitiated the recovery planning process
for the critically endangered Mexican gray wolf.


The final rule for the reintroduction project (Parsons 1998) required the Service to conduct a
comprehensive review of the project at the end of the third and fifth year (i.e., March 2001 and
March 2003). The Service contracted the 3-year review to the Conservation Breeding Specialist
Group (CBSG) from the IUCN-SSC (World Conservation Union). The Five-Year Review was
conducted internally (Mexican Wolf Blue Range Adaptive Management Oversight Committee
and Interagency Field Team 2005).


The three-year review was conducted by a team of scientists led by wolf ecologist Dr. Paul C.
Paquet (Paquet et al. 2001). Their key findings were: (1) survival and recruitment rates are far too
low to ensure population growth and persistence; (2) livestock producers using public lands can
make a substantive contribution to reducing conflicts with wolves through improved husbandry
and better management of carcasses; and (3) dispersal of wolves outside the recovery area
boundaries is required if the regional population is to be viable. They recommended that the
regulation for the Blue Range reintroduction project be modified to allow wolves that are not
management problems to establish territories outside the Blue Range Wolf Recovery Area
boundary, and that livestock operators on public land be required to take some responsibility for
carcass management or disposal to reduce the likelihood that wolves become habituated to
feeding on livestock. Over the ensuing 6 years, none of the substantive recommendations in the
Paquet Report has been implemented or initiated.


The internal five-year review set forth 37 recommendations, many of which are burdened by
required processes (Mexican Wolf Blue Range Adaptive Management Oversight Committee and
Interagency Field Team 2005). Some of the recommendations can improve the status of the Blue
Range reintroduction project in the nest 2-5 years. Four provisions, however, are worrisome from
a conservation perspective. These four would: (1) specify that new regulations will not address
one of the known precipitators of wolf trapping and shooting—wolves’ habituation to livestock
or attraction to the vicinity of livestock through scavenging on untended livestock carcasses
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(Recommendations 12.b. and 29); (2) allow wolf killing by private individuals in broader
circumstances than presently permitted (Recommendation 10); (3) mandate that the current wolf
management protocols apply to all new areas made available for wolf occupation, even though
those protocols result in unsustainable failure rates (Recommendation 5.c); and (4) allow the
states of Arizona and New Mexico and tribal authorities to cap the population of wolves in the
bi-state area at 125 individuals and permit the killing of wolves above that number—a number
admitted as having no scientific justification, and a number which has no relationship to recovery
of wolves in the Southwest (Recommendation 11). The Mexican gray wolf is not currently on a
trajectory toward recovery.


Lessons of Recovery Efforts To Date


The FWS removed federal protections from wolves in the Great Lakes in 2007 (Federal Register
February 8, 2007 (Volume 72, Number 26)) and moved to delist the Northern Rocky Mountains
DPS, but in September 2008 the FWS announced it's intentions to rescind the final rule amidst
litigation.  Notably, delisting for the gray wolf in the Great Lakes and Northern Rocky
Mountains was proposed despite vastly different regional meta-population sizes (with the Great
Lakes population being nearly three times larger than the Northern Rocky Mountains
population).  The primary differences between the size of these two regional wolf populations
owes, in large part, to the fact that wolves in the Great Lakes were afforded the full protections
of the ESA, while wolves in the Northern Rocky Mountains were given much less protection,
and in fact suffered under intense control measures by the FWS, thus suppressing population
growth.


From 2003, through 2008, FWS actions (i.e. delisting proposals and rule making processes) have
underscored a consistent theme: the agency believes that wolves are recovered, and that the
species should be delisted in as broad a landscape as possible. Yet, wolves occupy only about 5%
of their original range in the lower 48 states. There are several areas of former range in the lower
48 states that provide excellent habitat for wolves, but where wolves are absent; chief among
these areas is the Southern Rocky Mountains. Yet, the FWS has no plan at present to restore
wolves to areas with good habitat, despite a scientific, ESA, and court emphasis interpreting
recovery as occurring in a “significant portion of the former range.” Recent studies show that
habitat could support 1,000 or more wolves in the northeastern United States from New York to
Maine (Harrison and Chapin 1998, Mladenoff and Sickley 1999).


The Southern Rockies Ecoregion contains almost 1.5 to 1.8 times more public land than is
available to wolves in the Yellowstone area and central Idaho, and 6 times the amount of public
land available to Mexican wolves in the Blue Range Wolf Recovery Area. A 1994 Congressionally
mandated study concluded that the Colorado portion of the ecoregion could support over 1,000
wolves, mostly on public land (Bennett 1994). Mech (2000) proposed that because the ecoregion
is nearly equidistant from the Northern Rockies and the Blue Range Wolf Recovery Area it is
possible that a Southern Rockies population, through the production and movement of
dispersers, would contribute to establishing and maintaining a metapopulation of wolves that
extends from the Arctic to Mexico.


IV.  ECOREGIONAL DESCRIPTION - THE SOUTHERN ROCKY MOUNTAINS


For the purposes of this petition, the Southern Rockies ecoregion is described based on the U.S.
Forest Service ecoregion classification system (McNab and Avers 1994) (reference Figure 1,
Appendix A). Ecoregions are delineated based on similar patterns of topography, vegetation,
soils, geology, species, and climate across a large landscape (Bailey 1995). The ecoregion
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classification boundaries are the primary boundaries, with some minor modifications, such as
adding major valleys that are surrounded by the Southern Rockies but that the Forest Service
classified as part of other ecoregions.


Importantly, although this petition discusses recovery planning for the gray wolf in the Southern
Rocky Mountains, the best scientific and commercial data available have already identified the
best available habitat for wolf recovery in the Southern Rocky Mountains (Carroll et al. 2003,
2006), and it shall be assumed henceforth that references to recovery planning and critical
habitat designation be focused on those areas identified by Carroll et al. (  Ibid  .).  See also, Figure  
5, Appendix A.


The Southern Rockies ecoregion is a large landscape, covering about 16,681,839 hectares
(166,818 km²), or an area roughly equivalent (in the aggregate) to that of the New England
states. The region stretches north to south from Casper, Wyoming to Albuquerque, New
Mexico; and east to west from Denver to Grand Junction, Colorado. 


The Southern Rockies comprise a region known for magnificent high-mountain scenery. Surely
this is a deserved reputation, with 54 peaks higher than 14,000 feet (4,267 m) in elevation, as
well as countless other peaks of only slightly lesser stature. In addition to high peaks, much of
the region is dramatic and rugged, consisting of rocky outcrops, topographically tortured 
foothills, and shockingly deep and narrow river gorges. Yet, for those that know the region well,
there is no satisfaction in this overly simplistic characterization of the landscape. There is a less
dramatic side to the Southern Rockies as well, including several vast intermountain basins, gently
rolling foothills, and high, broad plateaus (Shinneman et al. 2000). 


The wide elevation ranges and complex landforms that comprise the Southern Rockies cause
―uneven distribution of moisture and significant differences in temperature  often over short


―distances  and thus lead to sharply contrasting local climates. These diverse climatic conditions
help support an equally diverse array of natural communities and native species. The Southern
Rockies region is also diverse because of its location as a biological meeting place, where species
converge from the boreal forests to the north, the grassland steppes (prairies) to the east, and the
semi-deserts to the south and west. In short, the Southern Rocky Mountains ecoregion is a
ruggedly beautiful, diverse, and complex landscape that is collectively unique and distinguishable
on the whole from those of surrounding ecoregions.


Although the Southern Rockies have lost several native species—including the gray wolf—as a
result of human settlement, persecution, and overuse of natural resources, and while many species
and ecosystems are at risk, a significant portion of the ecoregion’s natural landscapes remain
relatively intact. These remaining natural landscapes are important to regional and global
conservation goals, as they are capable of supporting biological elements both unique to, and
representative of, the Southern Rockies. Moreover, they offer increasingly rare opportunities to
restore wild nature and native species. In short, although humans have altered the natural
landscape, conservation opportunities still abound in the Southern Rockies.


GEOLOGY AND LANDFORMS  


The Southern Rocky Mountains ecoregion looked radically different during eons past, subjected
to an ancient and complex geologic history. Oceans covered the ecoregion for billions of years,
until the Ancestral Rocky Mountains arose roughly 300 million years ago near the Earth’s
equator. At that time, the land was part of the supercontinent Pangaea. These ancient mountains
were leveled over time, and the current Southern Rockies rose roughly 70 million yeas ago as a
result of the Laramide Orogeny, a period of mountain-building that occurred toward the end of
the Cretaceous period (Benedict 1991, Knight 1994). Post-Laramide erosion, deposition, uplift,
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and volcanism continued to modify the Southern Rockies’ mountainous landscape. During the
last 2 million years localized volcanism and extensive glaciation were the main forces, with as
many as 17 major glacial episodes during the Pleistocene epoch (Benedict 1991, Blair 1996,
Flannery 2001).


The result of these powerful geologic forces is the complex physiography of the Southern
Rockies today, largely dominated by mountain ranges with dramatic high peaks. The numerous
ranges that form the Southern Rockies generally run in a north-south direction, and they are
mainly folded and faulted uplifts interspersed with volcanics (Benedict 1991). These include the
Laramie Mountains, the Medicine Bow Mountains, the Park Range, the Front Range, the Wet
Mountains, the Elk Mountains, the Gore Range, Sawatch Range, the San Juan Mountains, the
Jemez Mountains, the Sangre de Cristo Mountains, and many others. The mountainous
landscapes contain an assortment of igneous and metamorphic rock, but younger sedimentary
rock is common along the ecoregion’s margins, and volcanic rock is found throughout
southcentral Colorado and northern New Mexico (Ellingson 1996). 


The Southern Rockies are the highest ecoregion on the North American continent, with 20% of
land area resting above the elevation of 3,000 meters (9,900 feet) (Shinneman et al. 2000). There
are 54 peaks that rise above 4,267 meters (14,000 feet), all in Colorado. The highest point is
Mount Elbert, which rises to 4,399 meters (14,433 feet). Colorado also has the lowest elevation
of the Southern Rockies, roughly 1,385 meters (4,570 feet), along the Gunnison River on the
west slope. 


The ranges of the Southern Rockies show classic high-mountain topographical features, such as
alpine cirques and tarns, glacial moraines, broad U-shaped valleys, and glacial-outwash plains at
lower elevations. Today glaciers are small in extent and limited to high elevation cirques, but
periglacial activity, water flow, and wind continue to erode and shape the ecoregion’s
mountainous landscape (Benedict 1991, Blair 1996). 


On the east slope, the Southern Rockies descend into a complex assortment of mesas, foothills,
hogbacks, parallel ridges, and rocky outcroppings. The topography then unfolds into the short-
grass prairie, a drought-driven system in the rain-shadow of the mountains (Flores 1996). On the
west slope, the mountains subside into rugged canyons and mesas, including the massive White
River and Uncompahgre Plateaus, contradicting the ecoregion’s popular image of a land of
jagged high-peaks. Ancient volcanic activity, especially in places like the San Juan and Jemez
Mountains, has created large calderas, ancient lava flows, volcanic dikes, and extinct, eroded
volcanic domes (Ellingson 1996). The post-Laramide erosion and deposition created several
large, relatively flat, intermountain basins, such as the San Luis Valley and South Park (Benedict
1991). Streams and rivers have further shaped the landscape by cutting deep rocky gorges and
narrow V-shaped canyons.


DRAINAGE BASINS AND AQUATIC SYSTEMS   


As moisture-laden weather systems pass over the Southern Rockies, the mountains squeeze out
rain and snow, creating an ecoregion that is generally wetter than surrounding areas. This high-
elevation moisture forms the headwaters of some of the continent’s major river systems. West of
the Continental Divide, water flows to the Pacific Ocean via the Colorado River to the Gulf of
California. On the east slope, water travels to the Atlantic through the Gulf of Mexico by two
main routes: the Rio Grande drains directly into the Gulf, while the North and South Platte
Rivers and Arkansas River empty their aquatic loads indirectly via the greater
Mississippi/Missouri River system.


The Southern Rockies have nearly 48,000 kilometers (30,000 miles) of perennial creeks, streams,
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and rivers scattered throughout the ecoregion (Shinneman et al. 2000), ranging from clear, cold,
fast high-mountain creeks to relatively slow moving, wide, lower-elevation rivers. Natural deep
water lakes are numerous, but roughly 90% are found above 2,700 meters (9,000 feet) (Colorado
Water Resources Research Institute 2001). Wetlands of various types are found throughout the
ecoregion, from willow (Salix sp.) carrs scattered throughout the high country to large playa lakes
that are generally found in the San Luis Valley. Groundwater and aquifers occur throughout the
ecoregion, and the largest is the San Luis Valley Aquifer, which supports numerous shallow
wetlands and springs (Pearl 1974). 


CLIMATE  


On a regional level, the climate of the Southern Rockies is a temperate, semi-arid, steppe regime
(McNab and Avers 1994), with generally sunny weather, warm summers, and cool winters.
Regional weather is influenced by interrelated factors, including the latitude, mid-continent
location, north-south alignment of mountain ranges, and major weather patterns, such as winter
storm tracks and jet stream locations (Benedict 1991). These regional factors are influenced
locally by topographic aspect and elevation (Benedict 1991, Knight 1994). Lower elevations tend
to have hot summers and cool winters with semi-desert levels of moisture, while higher
elevations are cooler and wetter with short growing seasons (Figure 2, Appendix A). The highest
elevations experience long harsh, snowy winters. 


Due to prevailing westerly weather patterns, the western mountains tend to be wetter than
eastern slopes, with most precipitation coming in the form of snow (Neely et al. 2001). In fact,
while roughly 60% of the Southern Rockies’ surface area drains eastward, more than 75% of the
precipitation falls on the west slope (Benedict 1991). This influences the spatial distribution of
aquatic and riparian ecosystems in the Southern Rockies, as well as the human attempts to use
and redistribute water. The latter has had dramatic impact on aquatic ecosystems.


Climate differences can be quite pronounced over short distances. Portions of the San Luis Valley
in Colorado average about 18 centimeters (7 inches) of precipitation a year, while some locations
in the nearby San Juan Mountains receive more than 140 centimeters (55 inches), mainly in the
form of snow (e.g., Wolf Creek pass averages about 11 meters [36 feet] of snow per year).
Temperatures can also vary greatly over relatively short distances. Boulder, Colorado at 1,631
meters (5,382 feet) has an average July high temperature of 30.5 C° (86.9° F) while at nearby
Berthoud Pass (3,480 meters or 11,484 feet) the average July high temperature is only 16.5 C°
(61.7° F) (Western Regional Climate Center Database 2001). In addition, in the face of climate
change, the north-south alignment of mountain ranges throughout the Southern Rockies and
North America means that human-induced temperature changes may be magnified (Flannery
2001).


NATURAL PROCESSES AND LANDSCAPE PATTERN   


Natural processes play important roles in maintaining ecological integrity, and they include
energy flows, nutrient cycles, hydrologic cycles, disturbance regimes, succession of natural
community types, pollination, and predator-prey relationships (Noss and Cooperrider 1994).
These processes make ecosystems diverse, dynamic, resilient, and naturally evolving. Fires,
floods, wind storms, landslides, insect infestations, or diseases help to create landscape mosaics
over space and time by influencing the composition, physical structure, and function of
ecosystems. Spatial and temporal characteristics of such natural disturbances within an ecosystem
type define a disturbance regime (Pickett and White 1985). 


In the Southern Rockies fire is a particularly important disturbance agent. In general, the dense
continuous crown cover in upper montane and subalpine forests support occasional but extensive
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stand-replacing fires, while many lower montane and foothill forests experienced low-intensity
surface fires carried by fine surface fuels like grasses (Veblen 2000). The ecoregion’s grassland and
shrubland fire regimes are less well-understood (Knight 1994). However, within many
community types, fires vary in intensity and size over space and time, creating a shifting mosaic
of patch age structures and patch types (Pickett and White 1985). Disturbed patches typically go
through various "successional stages" over time, until a relatively stable stage, such as an old-
growth forest, eventually returns (Knight and Wallace 1989). In other cases, such as old-growth
ponderosa pine (Pinus ponderosa) forests, a regime of low-intensity surface fires may actually
maintain relatively steady-state conditions over long periods by thinning forest stands and
maintaining large, old trees and grassy understories (Covington and Moore 1994). Yet, even
these forests experience stand-replacing disturbances occasionally, and for some ecosystems,
these less predictable and more variable disturbance regimes may even be the "norm" (Reice
1994). Natural disturbances support dynamic and healthy ecosystems and provide habitat for
native species. Thus, human alteration and disruption of natural disturbance regimes in the
Southern Rockies is of concern for many ecologists (e.g., Veblen and Lorenz 1991, Kipfmueller
and Baker 2000, Romme et al. 2000).


One way to assess natural conditions is to examine how the mosaic of natural communities are
spatially distributed across a landscape, such as an ecoregion or a watershed; important indices
include patch size, patch configuration, boundaries between patches, and connectivity (Forman
and Godron 1986). However, depending on the ecological element or process of interest, the
appropriate scale, detail, and resolution at which to measure landscape structure may vary (Wiens
1997). For instance, in the Southern Rockies subalpine forests often cover hundreds of thousands
of contiguous hectares (1 hectare equals 2.47 acres) and, in a rough sense, can be viewed as one
large patch or matrix community that dominates a given landscape area. Yet, within the forest
matrix, smaller patches of different forest ages (e.g., old-growth stands, dense pole-sized stands)
and cover types (e.g., aspen forest, montane riparian shrublands) will exist, due to disturbance
histories and environmental gradients. 


Recognizing that these different landscape patterns exist at different scales has great relevance
for species conservation. While a habitat generalist such as an elk (Cervus elaphus) or wolf move
easily through the subalpine forest landscape matrix, an American marten (Martes americana) is
sensitive to the natural or human-induced patchiness within the forest matrix. The amount of
connected forest habitat with dense stands of old trees and downed snags limits American marten
dispersal success (Buskirk and Ruggiero 1994). Although much of the landscape before European
colonization was patchy, other areas consisted of extensive expanses of forest that represented
continuous habitat for many interior dependent species (Knight and Reiners 2000). The loss and
fragmentation of such large interior habitat due to logging, road-building, and residential
development is of increasing concern to scientists, land managers and conservationists in the
Southern Rockies ecoregion (e.g., Knight et al. 2000).  Although wolves are habitat generalists,
the effects of habitat fragmentation and road building on the species and associated prey species
are important considerations for the purposes of recovery planning and management.


FINAL THOUGHTS ON THE SOUTHERN ROCKIES ECOREGION   


In the Southern Rockies, few if any ecosystems remain significantly unaltered by humans (see
Section V. for more information). Some, such as aquatic and riparian communities, have been
severely degraded. Hundreds of native species are of conservation concern. In addition, rapidly
increasing human population and development in the Southern Rockies will degrade more
ecosystems. 


Yet, compared to other areas in the U.S., the Southern Rockies ecoregion still contains many
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opportunities to protect and restore its vast biological wealth and diversity. Large matrix
communities, such as subalpine forests, remain relatively intact throughout the ecoregion and in
similar patterns of distribution as when Euro-Americans first settled the ecoregion. Despite the
negative effects of fire exclusion in some fire-dependent ecosystem types, the ~50 years of
effective fire suppression have probably not significantly altered the forests, woodlands, and
other natural communities with long-rotation fire regimes, which typically experience stand-
replacing events on the order of hundreds of years (Romme and Despain 1989, Shinneman
2006). Moreover, many areas that experienced significant anthropogenic disturbance in the
Southern Rockies, such as logging, road-building, overgrazing, and even damming and fire
exclusion, can be restored, especially where they exist on public lands.  Notably, climate change
could have a profound impact on the ecological communities of the Southern Rocky Mountains.
Habitat protection and restoration is a paramount concern for land managers in order to buffer
these ecosystems against climate change (Markham 1996; Bravo, et al.2008).


Perhaps one of the most profound ecological changes wrought upon the Southern Rocky
Mountains in the last century has been the cascading simplification of ecosystems in the wake of
wolf eradication.  Rocky Mountain National Park, northwest of Denver, Colorado, is presently
planning to cull hundreds of elk per year in order to mitigate against the absence of a coursing
predator (wolves) which has led to a severe decline in the abundance of aspen and willow in the
Park (Federal Register 2007, Vol. 72, Number 237).  Notably, as described elsewhere in this
document, research in Yellowstone National Park indicates that the reintroduction of wolves has
had a significantly positive influence on the regeneration of aspen and willows, especially in
riparian areas, due to the resulting increase in vigilance of elk (Ripple and Betscha 2003; 2004)


As noted earlier, Carroll, et al. (2003, 2006) identified the best available habitat for wolf recovery
in the Southern Rocky Mountains.  Thus, the specific areas identified by Carroll et. al are the
most appropriate subsets of this vast ecoregion to focus on for the purposes of recovery planning
and critical habitat designation.


V. THREATS TO THE SPECIES


FWS is required to list, delist, or reclassify a species as endangered or threatened due to any one
or a combination of the following factors:


A) the present or threatened destruction, modification, or curtailment of its habitat or range;


B) overutilization for commercial, recreational, scientific, or educational purposes;


C) disease or predation;


D) the inadequacy of existing regulatory mechanisms; or


E) other natural or manmade factors affecting its continued existence.


In addition to analysis under these five factors, FWS is required to make listing determinations
“solely on the basis of the best scientific and commercial data available,” without reference to the
possible economic or other impacts of such a determination. 16 U.S.C. § 1533(b)(1)(A); 50
C.F.R. § 424.11(c).  Given that a recovery plan should address the listing factors that have caused
a species’ imperilment, this petition reviews the listing factors as applied to the gray wolf in the
Southern Rockies, based on the best scientific and commercial data available.
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Application   of   Listing Factors   to the   Conservation & Recovery   of the   Species  .  


The purpose of this petition is to stimulate the development of a recovery plan for gray wolves in
the Southern Rocky Mountains and the concurrent designation of critical habitat for the species
in the ecoregion.  Listings Factors A-C are directly applicable to the determination of the need
for a recovery plan for the gray wolf in the Southern Rocky Mountains, inasmuch as recovery
planning flows from the mandate for the FWS to “conserve” the species, 16 U.S.C. § 1533(f).


Ergo, the ESA's mandate to “conserve” gray wolves requires due diligence to achieve delisting (16
U.S.C. § 1532(3)), and thus the recovery plan must remove or address any and all of the five
listing factors that contributed the listing of the species and that, in this instance, remain
impediments to the species recovery in the region.  Moreover, the FWS shall prioritize recovery
plans for species that would benefit the most from such plans § 1533(f)(1)(A).  Each of the listing
factors discussed below, therefore, shall be considered as contributing impediments to the
recovery of the species in the Southern Rocky Mountains, and as tangible reasons to designate
critical habitat 16 U.S.C. § 1532(5)(A).


The primary threat facing wolves in the Southern Rocky Mountains is conflict with domestic
livestock.  Continued degradation and fragmentation of habitat also poses long-term threats to
the species (Carroll et al. 2003, 2006) within the region.  Given these threats, reintroduction is
imperative to the recovery of the species (Carroll et al. 2003, 2006), and critical habitat
designation will help ensure that FWS and federal land managers more vigilantly curtail harms
against wolves and their habitat.  Below, we explore each applicable category of threat as it
applies to the ability of the species to be recovered in the Southern Rocky Mountains, and as it
applies to the need to designate critical habitat for the species in the region.


FACTOR A. THE PRESENT OR THREATENED DESTRUCTION, MODIFICATION, OR CURTAILMENT OF ITS HABITAT OR  
RANGE.  


Impacts to wolf habitat may significantly hinder wolf recolonization in the Southern Rocky
Mountains, as discussed in detail below.  Given that the species is presently extirpated from the
region, the development of a recovery plan for the species and the designation of critical habitat
are crucial to conserving the species.


Barring significant changes in land management policies, U.S. Forest Service (USFS) 
Wilderness areas, and other State and Federal lands will continue to be managed for
significantly high seasonal densities of domestic livestock, increasing development of energy
extraction facilities, and increasing road densities that could reduce the density of native prey,
increase the potential for livestock conflicts, and generally expose wolves to excessive
unregulated human-caused mortality.  The best available scientific data indicates that the core
recovery areas identified in the Southern Rocky Mountains face significant long-term risk from
potential change in human-associated impact factors (e.g., increased road density and human
population), thus threatening the viability of a future population of wolves in the region (Carroll
et al. 2003, 2006).


Suitable Habitat


Wolves once occupied or transited most, if not all, of the Southern Rocky Mountains.  However,
much of the wolf's historic range within this area has been modified for human use and is
presently in need of restoration to be suitable for wolves. The best scientific and commercial data
available ranks areas as suitable habitat if they have characteristics that suggest a 50 percent or
greater chance of supporting wolf packs (Carroll et al. 2006). The model used by Carroll et al.
(2006) typically characterized suitable wolf habitat in the region as public land with
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mountainous, forested landscapes containing abundant year-round wild ungulate populations,
low road density, and low human population density.


Previous studies that focused specifically on the Southern Rocky Mountains predicted that the
region could potentially support 1000 wolves, primarily on public lands (Carroll et al. 2003). Yet,
the model used by Carroll et al. (2003) made clear that suitable habitat within the Southern
Rocky Mountains was threatened by future development trends.  In particular, the Carroll et al.
model suggested that development trends over 25 years could eliminate one of four potential
regional sub-populations and increase isolation of the remaining areas (Ibid.). The resulting
reduction in carrying capacity due to development in the region ranged from 49% to 66%,
depending on the model's assumptions about road development on public lands. (Id). 


Given the results of the Carroll et al. (2003) study, the results of which are borne-out by
other work as outlined below, it is imperative that the Service: 1) develop a recovery plan for
wolves in the Southern Rockies; 2) designate critical habitat for wolves in the Southern Rocky
Mountains; and 3) conduct consultation regarding wolves prior to major federal actions that
may affect wolf habitat in the region.


Conflicts with livestock


The primary cause of wolf extirpation and local extinction in North America was conflicts
between wolves and livestock (Young and Goldman 1944, Young 1970).  Prior to European
settlement of North America, gray wolves roamed most of the conterminous United States,
except for the Gulf coast region east of Texas where the red wolf (Canis rufus) occurred (Young
and Goldman 1944, Nowak 1983).  As early as 1630 conflict with agrarian interests resulted in
government-supported wolf eradication campaigns in Massachusetts (Young and Goldman 1944,
McIntyre 1995).


Yet, it wasn't until the late 1800s that wolf eradication reached its zenith in the West,
precipitated by near total eradication of the species native prey (i.e., bison, elk, and deer) by
hunters endeavoring to satiate a hungry nation (Schmidt 1978, U.S. Fish & Wildlife Service
1987a).  Aiming to subdue the continent’s indigenous peoples, federal agents and settlers also
killed bison, a mainstay of the plains tribes (Isenberg 1992).  Faced with a precipitous decline in
their native prey, wolves understandably turned to depredating on domestic livestock, which by
the mid 1800s were ubiquitous in the American West. In turn, the federal government and private
citizens ginned up efforts to completely extinguish wolves.


Without question, wolves were taking a toll on domestic livestock producers, and the stories of
their exploits fueled a pathologic hatred for wolves (Robinson 2005).  Some particularly renown
wolves attained mythical status, with monikers like Rags the Digger, Old Two Toes, Custer Wolf,
and Lobo the King of the Currumpaw and his mate Blanca (Caras 1966; McIntyre 1995,
Robinson 2005).  These infamous wolves were rumored to kill large numbers of livestock, and
most seemed to have an uncanny ability to avoid capture.


Notably, the chasm between myth and reality is often vast, and so it was with the legendary
appetites of these last wolves.  Gipson et al. (1998) evaluated the credibility of several early
accounts, calculating kill rates for 14 famous wolves.  The team determined that, according to
recorded accounts, each wolf must have consumed an average of 48 kg (about 100 lbs.) of cattle
flesh per day.  Although Gipson et al. (1998) considered several possible explanations for the
impossibly high consumption rates, they concluded that early authors had fabricated information
related to the wolves.  
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By the early 1900s, fueled by the mythos surrounding these famous wolves, the livestock industry
secured a federal commitment to wolf control (i.e., extermination).  In 1915, Congress began
appropriating funds for wolf control, assigning the mission to the newly created U.S. Biological
Survey (Robinson 2005).  The early contributions of the livestock industry to this program gave
them considerable influence over policy (Leopold 1964, Dunlap 1988, Robinson 2005).  The
Survey’s internal reports revealed that the agency aimed for “absolute extermination” of the wolf,
using poisoning as the main method (McIntyre 1995, Robinson 2005).  


Within 15 years, the Survey was so extensive that it created a new division to coordinate
predator eradication: the Division of Predatory Animal and Rodent Control (DiSilvestro 1985,
Dunlap 1988, Robinson 2005).  In 1931, Congress authorized the trapping, poisoning, and
shooting of wildlife on federal or private lands through a law called the Animal Damage Control
Act (Dunlap 1988, Robinson 2005).  Bean (1983) argues that the Animal Damage Control Act
also indirectly sanctioned the partnership between this new division and the livestock industry.  


It is worth noting that wolves were not safe from eradication on public lands or parks.  To the
contrary, government agents and settlers alike killed wolves on private and public land.  Even in
YNP, from 1918 to 1935 government hunters killed 114 wolves (Phillips and Smith 1996).  


The cultural context and geographic extent of the war on wolves provides a strong foundation
upon which to understand the contemporary threats posed to the species during and after
recovery.  Yet, it is the actual methods of warfare used to eradicate wolves that clinch this
argument.  At its zenith, the wolf eradication program literally matched the efforts to win World
War I.  The soldiers in this war were the “wolfers” (professional wolf killers), who employed
every method possible to kill wolves (Mech 1970, McIntyre 1995, Robinson 2005).  They
trapped, shot, and poisoned wolves; they and even roped them like livestock and dismembered
them (Gilbert 1995).  Leaving no stone unturned, the wolfers dug wolf pups from their dens and
then clubbed them to death. Finally, they laced carcasses and meat scraps with the strychnine
and compound 1080, broadcasting across thousands of square miles of landscape (Gilbert 1995,
Robinson 2005).  In the end, poisoned baits proved the most efficient technique for killing
wolves over large areas.  The poisoning campaign likely guaranteed the ultimate destruction of
the species in the lower 48 states.  By the 1940s, wolves were but ghosts in the lower 48 (Young
and Goldman 1944, Young 1970, Brown 1983, Nowak 1983, Robinson 2005).  


Depredation


One of the primary contemporary threats to a recovering wolf population is the presence of
livestock within areas occupied by wolves (Oakleaf et al. 2005, Musiani et al.2005).  Although
Oakleaf (2005) and the Service (2007) argue that the presence/density of livestock on the
landscape is an acceptable parameter to determine the “suitability” of habitat for wolves, it is, in
fact, arguable that the results of Oakleaf et al.'s (2005) model prove that livestock are the primary
threat to wolf recovery.


As outlined in the previous section, it was the conflict between wolves and livestock that led to
the demise of the species.  Yet, in arguing that gray wolves in the NRM had been recovered, the
FWS (2007) relied upon Oakleaf et al. (2005) to classify a significant portion of the NRM as
“unsuitable” wolf habitat based primarily upon the presence of livestock (and the implicit risk of
depredation thereon) and road density.  Absent these alleged threats, the Service was at a loss to
define this historic range as unsuitable—and wolf presence therein non-viable.


Notably, the FWS's reliance upon anthropogenic threats as cause to drastically shrink what it
classifies as the species’ range runs counter to the mandate of ESA and precedents for other
recovered species.  Had the FWS taken this approach to the recovery of the Brown Pelican or the
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Peregrine Falcon, for example, the range of these birds would have been defined as, “anywhere
the species ranged historically, minus those areas where DDT (the primary threat to the species)
is present in the environment.”  By that logic, the FWS could have then reclassified the species as
recovered, since it was extinct or nearly extinct in all areas where DDT was present. 


The above arguments notwithstanding, the fact is that the federal government has authorized the
killing of 724 wolves from 1987 through 2007 in the NRM as a result of wolves depredating or
being suspected of depredating on livestock (U.S. Fish & Wildlife Service 2007b).  Ironically, had
critical habitat been designated for wolves in the NRM, the resulting consultation actions
mandated under section 7 of the ESA may well have helped expedite wolf recovery, at a greatly
reduced cost, because hundreds of wolves would have been allowed to live, and livestock
conflicts would have to have been dealt with in a more progressive and proactive manner.


Habitat fragmentation


As noted previously, Carroll et al. (2003) made clear that suitable wolf habitat within the
Southern Rocky Mountains was threatened by future development trends.  In particular, their
model suggested that development trends over 25 years could eliminate one of four potential
regional sub-populations and increase isolation of the remaining areas (Carroll et al. 2003). 


Roads 


In the Southern Rockies, high road densities have left the landscape fragmented. Beginning with
Colorado's mining boom, through the mid 1900s, the construction of roads transformed the
landscape of the Southern Rockies.  Between 1930 and 1940, Colorado's paved roads grew from
roughly 800 to 6,400 km (500 to 4,000 miles) (Noel et al. 1994).


The contemporary landscape of the Southern Rocky Mountains is a latticework of more than
121,600 km (approximately 76,000 miles) of primary and secondary roads, a figure that does not
even include most residential streets and thousands of miles of poorly mapped or undocumented
primitive roads (Shinneman et al. 2000).  National Forest lands in Colorado are crisscrossed by
more than 17,339 miles of inventoried roads (Finley 1999).  Local road densities are often much
higher than expected, even in relatively undeveloped areas. For example, New Mexico's
Bandelier National Monument averaged over 16 km (10 miles) of roads per square mile,
according to one report (Allen 1994).   By comparison, several expanses of the Southern Rockies
remain relatively roadless, particularly those proximal to large wilderness areas, such as in
portions of the San Juan Mountains and on the White River Plateau.  Notably, with the
exception of these rare, expansive roadless tracts, few places in the Southern Rockies are more
than 6.4 km (4 miles) from the nearest road (Shinneman et al. 2000).  Most importantly,
although alpine and subalpine habitats contain few roads, lower elevation and more biologically
diverse habitats are usually the most heavily roaded in the Southern Rockies. Id.


Although wolves are highly adaptive habitat generalists, the ubiquity of roads in the region may
have a significant impact on the long-term viability of a restored wolf population (Carroll et al.
2003).  Roads are known to have significant harmful effects on native species and ecosystem
function (Schoenwald-Cox and Buechner 1992, Trombulak and Frissell 2000).  The negative
impacts of roads include:


 Greater human access to habitat interiors for activities such as fuel-wood gathering,
hunting, poaching, plant gathering, and recreation in those areas (Lyon 1983; Trombulak
and Frissell 2000);


 Increased dispersal of edge-adapted, weedy, aggressive, predator, and parasitic species due
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to the travel corridor effect (Tysor and Worley 1992, Parendes and Jones 2000);


 Increased species mortality due to automobile collisions (Bangs et al. 1989, Fuller 1989);


 Reduced species mobility, including both small and large animals, due to the barrier effect
(Fahrig et al. 1995, Foster and Humphrey 1995);


 Increased sediment and pollution runoff into nearby streams and wetlands (Bauer 1985;
Forman and Deblinger 2000);


 Increased likelihood of severe erosion of roads on steep slopes (Trombulak and Frissell
2000).


These factors interact in myriad ways, fragmenting and isolating natural habitat, leaving formerly
intact vegetation patches subdivided and creating a “road effect zone” that changes the habitat
conditions and species compositions well into the interiors of adjacent natural habitat (Reed et al.
1996, Shinneman and Baker 2000, Forman 2000).


The relative impact of roads is influenced by a variety of factors.  Case in point:  A primitive,
lightly used dirt road may not limit the movement of some species, while a busy, paved four-lane
highway may prove an impermeable barrier to many wildlife species.  Importantly, management
options such as road closure during animal breeding or “mud season” may dampen the negative
ecological effects of roads, but such measures fail to address the cumulative scale of road impacts.
Specifically, road density is an important factor impacting wildlife. Further, roads provide a
means of ingress for humans that may ultimately result in harm to wolves (Lyon 1983; Trombulak
and Frissell 2000).  For example, a Mexican wolf was found shot on the side of a dirt road in the
Gila National Forest in 2003.


Studies have demonstrated that high road densities affect species such as elk, mountain lion,
wolves, black bear, and grizzly bears. These species may not persist in road-fragmented habitat,
or may persist in significantly lower densities due to an aversion to roads or negative impacts
from increased human hunting, poaching, and harassing (Lyon 1983, Van Dyke et al. 1986,
McClellan and Shackleton 1988).  For instance, studies suggest that wolves generally do not
persist where road densities exceed 0.45 km/km2  (0.28 mi/mi2) (Mladenoff et al. 1995, Potvin et
al. 2005). The road density of many federally managed lands within the Southern Rockies are
presently trending above the threshold limit identified by Mlandenoff et al, and as discussed in
Carroll, et al. (2003, 2006) this fact threatens to reduce the amount of available habitat for
wolves in the Southern Rockies by 2025.  


Collisions with vehicles


Studies in Italy have found that collisions with vehicles are the primary detectible source of
mortality for wolves there (Lovari et al. 2007).  In Canada, studies have shown that collisions
with vehicles are a significant cause of mortality for large carnivores (Waters 1988, Kansas et al.
1989, Woods 1991, Gibeau 1993, Paquet 1993, Thurber 1994). Further, studies suggest a
correlation between time spent on the roadway and probability of lethal collisions (Waller 2005).


Effects of roads on wolf/prey distribution and habitat use


Theoretical and empirical research shows that highways and railroads can fragment wildlife
habitats, with potentially negative consequences (Noss et al. 1996).  Indirect impacts from roads
such as habitat fragmentation, direct habitat loss, increased human development, increased
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motorized access, and habitat displacement also account for substantial human-caused mortality
of predators (Ruediger 1996).  


A study of the effects of roads and trails on the behavior of wolves in Jasper National Park
(Canada) suggests that, although roads and trails were not complete impediments to wolf
movement, they altered wolf movements across their territories (Whittington et al. 2004).
Notably, wolves in this study avoided crossing high use roads and trails more than low use roads
and trails, indicating a clear impact on habitat quality as it relates to wolves.


Roads and road density may also effect wolves indirectly, via their effects on select prey species
such as elk & deer. Wildlife biologists have been researching the relationship between roads and
elk in the Western United States for several decades. This research overwhelmingly demonstrates
that elk avoid forest roads (Lyon 1983, Thomas et al. 1979, Christensen et al. 1993, Lyon and
Jensen 1980). Elk aversion to roads is mostly associated with vehicular traffic. Therefore closing
(or obliterating) roads is an important management option for improving elk habitat. A 1983
study by L. Jack Lyon showed that elk habitat effectiveness can be expected to decrease by at
least 25% with a density of one mile of road per square mile of land (m/m2), and by at least 50%
with a density of 2 m/m2. This same study concluded that the best method for obtaining full use
of habitat is effective road closures.


Human Developments


Studies of the cumulative impacts of human developments (mines, other energy extractive
developments, housing developments) on large carnivores indicate that such developments have
a significant negative impact on habitat effectiveness (Johnson et al. 2005).  In one study, wolves
strongly avoided major developments. Id.


Human impacts pervade most North American ecosystems. Exploration and development of oil
and gas, minerals, and forest products; the expansion of rural and suburban housing; and
increases in leisure, travel, and recreation activities have resulted in a greater presence of people
across areas that were once exclusive habitat for flora and fauna (Ceballos and Ehrlich 2002).
The range of potential and documented effects is extensive and often varies across species,
populations, and time, including seasons or following a period of exposure (Blumstein et al. 2003,
Beale and Monaghan 2004).


The construction of facilities, such as roads, trails, or buildings, and increased presence of
humans, beyond some threshold, will result in a direct loss of habitats, or indirectly following
avoidance behavior of affected wildlife (McLellan and Shackelton 1988, Cameron et al. 1992,
Mace and Waller 1996, Stevens and Boness 2003). Human facilities, especially roads, trails,
pipelines and other linear developments, also can fragment and isolate habitats (Baldwin et al.
2004, Deng and Zheng 2004, Jedrzejewski et al. 2004, McDonald and St. Clair 2004, Vistnes et
al. 2004).


In addition to a loss or reduction in the effectiveness of habitats, disturbance may result in
response behaviors with negative social or physiological consequences (Van Dyke et al. 1986,
Skogland and Grøvan 1988, Bradshaw et al. 1997). Disruption of breeding or rearing activities,
for example, can reduce fecundity and recruitment (White and Thurow 1985, Goodrich and
Berger 1994, Linnell et al. 2000, Mullner et al. 2004). The nutritional or hormonal costs of
avoiding or responding to a disturbance may have cumulative and important implications for
individual fitness and population productivity (MacArthur et al. 1979, Fowler 1999, Kerley et al.
2002, Constantine et al. 2004).  More directly, human access can increase mortality through non-
monitored and controlled hunting, vehicle collisions, or the removal or destruction of problem
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animals (Johnson and Todd 1977, Johnson 1985, Del Frate and Spraker 1991, Wilkie et al. 2000,
Johnson et al. 2004). Human presence and activities also can alter interspecific interactions,
namely rates of predation (Rich et al. 1994, James and Stuart-Smith 2000, March and and
Litvaitis 2004).


Population and economic growth inevitably spur land development. Interestingly, the physical
expansion of residential housing in the Southern Rockies exceeds population growth for three
reasons: an increase in lower-density suburban development, the boom in exurban and ranchette
rural development, and the growth in second homeownership in the Southern Rockies (twice the
national average and not reflected in population statistics) (Theobald 2000). Thus, the impact of
urban sprawl and expansion of low-density housing developments on natural landscapes in the
Southern Rockies and surrounding areas is even greater than the high population growth rates
suggest and is among the most significant agents of landscape change.  


Moreover, the negative impact of housing expansion on ecosystems and species is actually much
greater than the total area developed.  Scattered, low-density development fragments habitat. In
many mountain valleys and foothill forests, low-density exurban developments occur along
public-private land ownership boundaries and can block wildlife movement.  This can isolate
wildlife habitat on surrounding public lands. Id.


Developed areas also create disturbance zones that extend beyond the actual development and into
adjacent natural habitat.  Predation by household pets (cats are particularly destructive), the
spread of noxious weeds, increases in aggressive human-adapted species (e.g., raccoons, Procyon
lotor, striped skunks, Mephitis mephitis, or starlings, Sturnus vulgaris), introduction of detrimental
wildlife attractions (e.g., trash cans), and increases in recreational activity surrounding developed
areas greatly affect ecological integrity (Knight 1995).  The extended zone of negative effect for
songbirds and medium-sized mammals is similar around low-density housing development and
dense development; indeed, low-density housing may produce a greater overall impact due to the
larger landscape area required (Odell and Knight 2001).  


Moreover, human communities often suppress important natural disturbance processes—such as
fires and floods—around developed areas to protect houses and businesses. The proximity of
much of the region’s housing developments to forestland restricts options for managing natural
disturbance on public lands, in particular the ability to allow natural and ecologically beneficial
forest fires to burn (Shinneman et al. 2000, Theobald 2000). 


Using housing-unit data from U.S. Census Block Groups, Theobald (2000, 2001) calculated
historical and future spatial trends in development patterns for the region. Looking specifically at
the Southern Rockies ecoregion (and not the county-defined region), land within urban (>1
housing unit per ha) and suburban (1 unit per 1-4 ha) development grew from roughly 415 km2


(162 mi2) in 1960 to 1,729 km2 (675 mi2) by 1990.  Research suggests that this area will grow to
roughly 3,853 km2 (1,505 mi2) by 2020 and to 5,434 km2 (2,122 mi2) by 2050.  Exurban
development (1 unit per 4 to 16 ha) grew from roughly 1,877 km2 (733 mi2) to 5,928 km2 (2,315
mi2) between 1960 and 1990, and it is projected at roughly 8,398 km2 (3,280 mi2) by 2020 and
11,065 km2 (4,322 mi2) by 2050.  Exurban, suburban, and urban developments collectively
covered about 7,508 km2 (2,933 mi2) (4.6% of the ecoregion) in 1990 and are projected to grow
to 16,598 km2 (6,483 mi2) (10% of the ecoregion) by 2050.  


This pattern of development is mainly concentrated in mountain valleys, foothills, and lower
elevation valleys (Shinneman et al. 2000, Theobald 2000).  These areas often include valuable
agricultural lands and species-rich wildlife habitat such as ponderosa pine forests, oak shrub
lands, montane grasslands, riparian, and wetland habitat (Shinneman et al.2000). 
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Recreational Uses


Every year, millions of people visit the public lands of the Southern Rockies for recreation. Many
of them come at least in part to see wildlife, bringing significant tourist dollars to the region.
Their presence helps the economy, but challenges wildlife managers. 


Most outdoor recreationists in the Southern Rockies target one of the six National Parks and
Monuments in the region, or one of the eight National Forests.  Recreation on Bureau of Land
Management land is on the rise, especially with the growth of ORV recreation, but it does not
rival use of the parks and forests. 


The most popular national forests in the region, measured in “recreation visitor days” (RVDs)3,
are the White River, Pike/San Isabel, and Santa Fe (Shinneman et al. 2000). The White River
National Forest, recognized throughout the world for its exceptional outdoor recreation
opportunities, ranked fifth in the nation in 1995 in terms of visitor days. Although the White
River National Forest contains only 16% of the Forest Service lands in Colorado, it hosts about
30% of the state’s national forest recreation (U.S. Forest Service 1999).  Its 8,892 km2 (3,473 mi2)
surround major ski resorts like Aspen, Vail, and Breckenridge, and provides 13% of all ski visits in
the nation.  Only 2-4 hours west of Denver on I-70, this national forest is the primary target of
Front Range recreationists. The Front Range Pike/San Isabel area is popular for mountain bikers
and backpackers.   Many people visit the Santa Fe National Forest because of its close proximity
to the urban areas of Santa Fe and Albuquerque (U. S. Forest Service 1999).


Data vary with respect to the number of annual visitor days estimated for each recreational
activity.  Bowker et al. (1999) predict higher rates of growth in user days for activities like cross
country skiing (242%), downhill skiing, and backpacking, and slower rates for hunting (22%),
fishing (59%), snowmobiling, and off road driving (54%).   Not surprisingly, the overall patterns
are similar for data concerning number of recreationists.


The biggest impacts associated with recreation in the Southern Rockies relate to the ski industry
and the extensive land development associated with ski areas (e.g., parking lots, second homes,
condos, resorts, golf courses, and shopping centers). The ski areas themselves fragment high
elevation forests with ski runs, chair lifts, and high mountain lodges. The recent expansion of
Vail Resort Ski Area into lynx (Lynx canadensis) habitat in the White River National Forest
provides an example of how controversial ski area impacts can be (Thompson and Halfpenny
1991).  Even though 180 km2 (70 mi2) of the White River National Forest are currently under
permit for skiing, the Forest Service is contemplating plans for expansion.


According to the Forest Service, Summit County, Colorado is growing rapidly and has the
highest potential to provide additional capacity for skiing on National Forest lands. If growth
rates stay the same, the combined daily capacity in 2010 must rise to 53,070 skiers a day to meet
the projected demand of 5 million skiers per year. This will require an additional 5.7 km2 (2.2
mi2) of National Forest Lands. By 2030, the government estimates demand for skiing will require
an additional 34 km2 (13 mi2), resulting in a total of 102 km2 (40 mi2) of National Forest land
allocated to skiing in Summit County (U.S. Forest Service 1999). 


3 Recreation visitor days are the total number of days each visitor used the national forest multiplied by the number of
visitors.  Thus, if a group of 10 people visited a national forest for 2 days, that would could as 20 recreation visitor days (10
people * 2 days).
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Though studies do not project that mechanized recreation will grow as fast as downhill and
cross-country skiing over the next 50 years, this activity still has a significant and growing
presence on the landscape. In Colorado, the number of registered off-raod vehicles (ORVs) more
than tripled during the 1990s, and snowmobile numbers increased by 64% (Finley 1999).  ORV
use on fragile desert lands and wetlands is of particular concern.  


Even hiking and backpacking, seemingly low-impact activities, can produce negative ecological
effects. Trails often traverse riparian areas and nesting areas and can harm native species and
damage delicate natural communities. Heavy traffic in high elevation tundra causes damage that
takes years to repair. The Colorado Fourteeners Initiative works throughout the state to improve
trail systems and minimize human impact on fragile mountain ecosystems.  


The main impacts associated with recreation on public lands in the Southern Rockies include
direct disturbance of wildlife, modification of habitat through vegetation damage, introduction of
exotic species, erosion, and air and water pollution (Knight 1995).


In sum, the best scientific and commercial data available indicates that human developments and
their associated roads have a measurable and profound impact on wolves and their prey species.
These effects can best be summarized as negative as related to habitat effectiveness for wolves,
and should always be considered within the scope of project level decisions and cumulative
impacts.  In order to ensure that such cumulative impacts are considered is to designate critical
habitat for the gray wolf in the Southern Rocky Mountains concurrently with the development
of a regional recovery plan for the species.


Effects of Livestock Grazing


The contribution of ranching to the region’s economy has been declining, but its effects on the
land remain extensive and significant.  Most ranchers in the Southern Rockies at least partially
depend on public lands for grazing their animals. Typically, cattle and sheep spend summers on
high elevation meadows in National Forests and are then often moved to lower elevation Bureau
of Land Management rangelands in fall.  Active grazing allotments exist on public lands
throughout the region (Figure 4).


The U.S. Forest Service owns 70,740 km2 (27,633 mi2) in the ecoregion and nearly 70% of that
has active grazing allotments. Likewise, the Bureau of Land Management grazes 93% of the
32,801 km2 (12,813 mi2) in Colorado. Of the 11,856 km2 (4,631 mi2) of state-owned land in
Colorado, grazing occurs on roughly 80% (Shinneman et al. 2000). Similar figures exist for
Bureau of Land Management and state land in the Wyoming and New Mexico portions of the
ecoregion. In addition, all three National Wildlife Refuges in the region allow grazing on
portions of their land. Given these numbers, Shinneman et al.(2000) estimate that livestock
grazing is available on roughly 80% to 90% of state and federal public lands in the ecoregion,
and grazing actually occurs on 70% to 80%. 


Wilcove et al. (1998) estimated that livestock grazing contributed to the imperiled status of 33%
of federally listed threatened species and 14% of endangered species.  Since cattle preferentially
congregate along stream banks and riparian areas, water quality and stream hydrology often
suffers serious negative impacts (Schultz and Leininger 1990). Grazing can cause changes in
plant species structure and composition (e.g., the proliferation of weeds like cheatgrass) that can
lead to increased soil erosion (D’Antonio and Vitousek 1992). Indeed, rangeland managers have
sometimes intentionally introduced non-native grasses, such as crested wheatgrass (Agropyron
desertorum), because they provide good forage for livestock (Noss and Cooperrider 1994). 
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Grazing negatively affects some large ungulates, predators, and other native animals as well.
Fences to control roaming livestock interfere with some animal movements, especially pronghorn
antelope, but also deer  and elk (Noss and Cooperrider 1994). Livestock compete with native
herbivores for forage, water, and space, and livestock managers eliminate “pests” like prairie dogs
(Cynomys spp.) and predators like coyotes (Canis latrans) (Peek and Dalke 1982). Federal and
private efforts on behalf of the livestock industry eliminated wolves and grizzly bears in the
Southern Rockies by the mid 1900s (Fitzgerald et al. 1994). The absence of these large
carnivores has contributed to unnaturally large elk populations (Colorado Division of Wildlife
2001) throughout much of the Southern Rockies, which, in turn, has led to over-browsing of
native vegetation, like aspen (Populus spp.), in some places (Baker et al. 1997).


The Forest Service and Bureau of Land Management have worked with livestock operators to
improve the status of public rangelands and there has been some progress. However, of the
18,969 km2 (7,410 mi2) where the Bureau has determined rangeland trends, only 26% showed
improvement in 1998.


In sum, livestock production within the relatively arid Southern Rocky Mountains negatively
impacts the quality of habitat within the region.  These effects are both direct (by increasing the
risk of conflicts between wolves and livestock production), and indirect (via the cumulative
negative effects of livestock grazing on habitat effectiveness for wild ungulates that provide the
basis of a wolf economy).


FACTOR B. OVERUTILIZATION FOR COMMERCIAL, RECREATIONAL, SCIENTIFIC OR EDUCATIONAL PURPOSES.  


The best scientific and commercial data available indicate that overutilization for commercial,
recreational, scientific, or educational purposes may pose a threat to a future population of
wolves in the Southern Rocky Mountains and could threaten the dispersal of wolves from the
Northern Rocky Mountains to the Southern Rocky Mountains in the near-term. As discussed
later in Factor D, human-caused mortality associated with management of delisted wolves in
Wyoming could exceed sustainable levels. 


Since listing under the ESA, no gray wolves have been legally killed or removed from the wild in
the Northern Rocky Mountains for commercial, recreational, or educational purposes—a
situation likely to maintain in the Southern Rocky Mountains so long as the species remains
legally protected.  In the Northern Rocky Mountains, approximately 3 percent of the wolves
captured for scientific research, non-lethal control, and monitoring have been accidentally killed
(http://www.fws.gov/mountain-prairie/species/mammals/wolf/archives.htm).  Although some
wolves may have been illegally killed for commercial use of the pelts and other parts, illegal
commercial trafficking in wolf pelts or wolf parts is likely rare. Likewise, illegal capture of wolves
for commercial breeding purposes likely extremely rare. The potential for prosecution provided
for by the ESA has likely minimized the illegal killing of wolves for commercial or recreational
purposes.


Scientific Research and Monitoring


Given that wolves are not extant in the Southern Rocky Mountains presently, the species in the
region is not threatened by scientific research and monitoring.  However, a future population
would likely be subject to some level of monitoring, non-lethal control, and research purposes. 


Education — A review of the literature failed to reveal that any wolves have been legally
removed from the wild for solely educational purposes, anywhere in the lower forty-eight states.
Wolves that are used for such purposes are usually the captive-reared offspring of wolves that
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were already in captivity for other reasons. However, States may get requests to place wolves
that would otherwise be euthanized in captivity for research or educational purposes. Such
requests have been, and will continue to be, rare; would be closely regulated by the State wildlife
management agencies through the requirement for state permits for protected species; and would
not substantially increase human-caused wolf mortality rates. 


Commercial and Recreational Uses — Over 100 wolves were killed in the Northern Rocky
Mountains between April and July 2008, after being delisted from the ESA (Federal Register:
February 27, 2008 (Volume 73, Number 39)).  Notably, as of the date of this petition, news
reports quote the FWS as preparing to rescind the delisting rule for wolves in the Northern
Rocky Mountains, pending court approval (as the rule was being contested in Federal court).
Although it remains unclear if management of wolves will be returned to the state of Wyoming,
this brief experience demonstrated that anything short of strict conservation protections for the
species will likely prevent wolves from dispersing southward to Colorado. 


FACTOR C. DISEASE OR PREDATION  


Wolves face an assortment of bacterial, viral, fungal and parasitic diseases throughout their range.
Several publications have provided extensive overviews of the known diseases that affect free-
ranging wolves (Brand et al. 1995, Mech 1970, Mech & Boitani 2003), identifiying important
diseases carried by wolves, including those that cause high numbers of infected animals (i.e.,
morbidity) and the number of animals that die of the disease (i.e., mortality).


Multiple publications have identified diseases affecting gray wolves in North America using
necropsy, serological surveys, parasitic surveys, investigations into the factors affecting wolf
health and illness, called epidemiological investigations, or incidental observations from case
reports (Chapman 1978, Todd et al. 1981, Carbyn 1982). As a result of the naturally low
densities of wolves, the large home range and distribution among packs within populations, and
their relatively secretive nature, large die-offs from disease might go undetected unless specific
populations are being intensively monitored (Brand et al. 1995). The risk of disease is an
important consideration, as it relates to founder animals and release sites.


Wolves or other wildlife species run the risk of becoming infected by diseases from domestic
species when their home ranges take them close to human habitation. In Denali National Park,
Alaska, biologists have witnessed increased stress on wildlife populations due to domestic animal
diseases and lice infestations (P. Owens, Denali National Park Research and Resources Division,
pers. comm.). Canine parvovirus, canine distemper, and infectious canine hepatitis may have
been transmitted to wild carnivores from the large domestic dog population (including sled dogs)
outside the Park (Elton 1931, Stevenson et al. 1982). This could be a concern for wolves in the
Southern Rockies.


Although viral agents (rabies, canine distemper, parvovirus), bacterial agents (tuberculosis), and
parasites (sarcoptic mange) have caused mortality with possible declines in local populations
(Davis et al. 1980, Carbyn 1982), there appears to be little evidence that any one disease has
historically controlled wolf populations. The territorial nature of wolves with minimal mixing of
individuals may limit losses to a pack or two, but spare most of the population. Many canine
diseases originate from domestic sources and these pathogens may be less well adapted to wild
hosts. The role of disease and parasites in controlling wolf populations remains relatively
unknown. Several authors have suggested a relationship between disease and population density
in other canid populations (Todd et al. 1981, Debbie 1991, Fekadu 1991). This has yet to be
shown in wolf populations, however, it could become an important factor particularly in
fragmented or island populations.
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VI.  PETITION FOR A RECOVERY PLAN & DESIGNATION OF CRITICAL HABITAT


STATUTORY REQUIREMENTS  


Administrative Procedures Act (APA)


Pursuant to section 553 of the APA, Petitioners request that the Service prepare a recovery plan
for the gray wolf in the Southern Rocky Mountains.  Section 553 of the APA provides that
“[e]ach agency shall give an interested person the right to petition for the issuance, amendment,
or repeal of a rule.” 5 U.S.C. § 553(e). The APA defines a rule as the whole or a part of an agency
statement of general or particular applicability and future effect designed to implement, interpret,
or prescribe law or policy or describing the organization, procedure, or practice requirements of
an agency. 5 U.S.C. § 551(4).  As such, a recovery clearly meets the definition of a rule under the
APA.


Endangered Species Act (ESA)


In 1973 Congress passed the ESA to protect species at risk of extinction as a “consequence of
economic growth and development untempered by adequate concern and conservation” (16
U.S.C. § 1531(a)(1)).  Further, the ESA recognized the need to develop recovery plans in order
to further the conservation of the species. 


Development of a recovery plan and the designation of critical habitat for the gray wolf in the
Southern Rocky Mountains will provide a means of protecting the ecosystems on which the wolf
depends in this portion of its range (16 U.S.C. § 1533(f)(A)).


Once a species is listed under the ESA, the law intends for that species to be conserved.  The
term “conserve,” along with “conserving” and “conservation,” is defined under the ESA as, 


…to use and the use of all methods and procedures which are necessary to bring any
endangered species or threatened species to the point at which the measures provided pursuant
to this Act are no longer necessary (16 U.S.C. § 1532(3)).


In other words, the ESA is successful when a species is recovered, i.e., it no longer faces
imperilment or extinction.  It is the duty of the Secretaries of the Interior and Commerce to
implement the ESA pursuant to Department of the Interior (DOI) and Commerce findings and
private citizen petitions (16 U.S.C. § 1533(a)).  For the gray wolf, as this petition demonstrates,
designation of critical habitat is imperative for obtaining the goal of recovery.


As Petitioners describe below, once a species is listed under the ESA, three sections of the ESA
are central for imperiled species protection: critical habitat designation, protection from
jeopardy, and recovery planning and implementation.


Critical habitat designation


The recovery of wolves in the Southern Rocky Mountains would be both enhanced and greatly
expedited if the species is fully protected under the ESA, as it is entitled to critical habitat
designation and protection of that critical habitat through consultation.


As outlined in Section V, wolves face a variety of threats to their survival.  Of particular import
are the anthropogenic threats associated with the production of livestock and the destruction or
modification of habitat.  It is the presence of these anthropogenic threats (and their critical role
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in fomenting the original imperilment of the species) that necessitate providing the species with
the protections (including the designation of critical habitat) afforded under the “endangered”
status.


Ongoing destruction and modification of the species' habitat also poses a long-term threat to the
recovery and survival of the species throughout its range, including in the Southern Rocky
Mountains.  As demonstrated by Carroll et al. (2003, 2006), existing wolf habitat in the region
faces serious threats by development.  Conversely, habitat in the region could actually be
improved by decreasing road densities on federal lands. Ibid.  As Carroll et al. represents the best
scientific and commercial data available with regard to wolf habitat in the Southern Rockies, the
protection and restoration of habitat in the region is a clear priority as it relates to wolf recovery.
Therefore, the protection of habitat duties conferred via the designation of critical habitat is both
appropriate and necessary to affect the recovery of wolves in the Southern Rocky Mountains. 


Designation of critical habitat for wolves in the Southern Rocky Mountains stands to enhance
the efficacy of the recovery program, through the protective powers contained within the
consultation process outlined by Section 7 of the ESA.  In particular, federal actions within
designated critical habitat must be scrutinized to determine if the proposed action would cause
jeopardy to the listed species or adversely modify its critical habitat (50 C.F.R. § 402.14).  After
such a determination is made, the Service must provide the agency with a biological opinion
explaining how the proposed action will affect the species or its habitat.  If the Service concludes
that the proposed action will jeopardize the continued existence of a listed species or result in
the destruction or adverse modification of critical habitat, the biological opinion must outline
any “reasonable and prudent alternatives” that the Service believes will avoid that consequence
(16 U.S.C. § 1536(b)(3)(A)). 


FWS often finds that critical habitat designation would not benefit listed species, as the adverse
modification prohibition in section 7 would not provide greater protection than the jeopardy
standard, with its consultation requirement. This reasoning flies in the face of the actual
construction of the ESA (Stanford Environmental Law Society 2000).   Critical habitat protection
is included in the ESA’s mandate precisely because it does provide more protection.   While
Congress meant for listing protections and critical habitat protections to be determined on their
individual merits, FWS often conflates the two and discards critical habitat as a necessary
component of recovery.  As Petitioners indicate below, the designation of critical habitat for
wolves in the Southern Rocky Mountains would help to stem the degradation of habitat by
human activities such development, road building and livestock grazing.


Indeed, the Fifth Circuit held that the Service’s conflation of jeopardy and adverse modification
in its regulations was invalid:


…the Services' evaluation of the merits of critical habitat designation was
premised on the view that jeopardy consultation was “functionally equivalent”
to consultation under the destruction/adverse modification standard…This
position was based on the fact that 50 C.F.R. § 402.02 defined both standards
in terms of survival and recovery…As we have concluded that the regulatory
definition of the destruction/adverse modification standard is flawed, this
"functional equivalence” argument is untenable (Sierra Club v.  U.S.  Fish and
Wildlife Service, 245 F.3d 434 (2001).).


Because FWS routinely refused to designate critical habitat and relegated critical habitat petitions
to the lowest priority category, combined with remands from multiple courts concerned with the
Service’s neglect of critical habitat decisions and overuse of the “not prudent” determination,
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there is now a subset of listing funds specifically earmarked for critical habitat determinations (64
Fed.  Reg.  57114-19 (October 22, 1999)).4 It is important that critical habitat petitions not be
neglected out of FWS policy denying the value of critical habitat.  While listing is vital for a
species to receive ESA protection, some conservation scientists argue that without the protection
of a critical habitat the listing process is often nominal at best (New Mexico Cattle Growers Assn. v.
USFWS, at 1284).   As noted above, in Sierra Club v. U.S.  Fish and Wildlife Service, the 5th Circuit
found that critical habitat designation does in fact bolster the protection granted to a listed
species; the 9th circuit has held similarly.   


Critical habitat protection is enforced through Section 7 of the ESA, as is the prohibition on
jeopardy of listed species.  Section 7 prohibits any federal agency actions that are “likely to
jeopardize the continued existence of any endangered species…”When critical habitat has been
designated agency actions are not allowed to result in “the destruction or adverse modification of
habitat of such species…”  (16 U.S.C. §1536(a)(2))  


Clearly, wolves in the Southern Rockies would benefit from critical habitat designation.  With
the safeguards provided by critical habitat designation, ecosystem services would continue to be
furnished.  Moreover, with the extensive public land within the wolf's range, federal lands could
be a flagship for species and ecosystem recovery, which would be economically prudent.  As
clearly outlined in Section IV (Threats to the Species), wolves in the Southern Rocky Mountains
face a variety of long-term challenges, including habitat loss through continued development on
both private and public lands.  Given the fact that over 60% of the Southern Rocky Mountains is
in public ownership, the protective measures triggered by critical habitat designation for wolves
in the region could result in significant benefit to the species, and the ecosystems upon which it
depends.


Recovery Planning


The fourth component of the ESA’s protection mandate is the recovery plan.   When a species is
listed as endangered the Secretary must develop and implement “plans for the conservation and
recovery of [the species]” (16 U.S.C. § 1533(f)(1)).  Given the fact that wolves remain extirpated
from the Southern Rocky Mountains, despite notable population increases in the Northern
Rocky Mountains, it is abundantly clear that recovery of wolves in the Southern Rocky
Mountains will require the development and implementation of a recovery plan.  


Section 4 of the ESA requires the Service to prepare a recovery plan for all endangered species
and threatened species protected by the ESA. 16 U.S.C. 1533(f)(A). Recovery plans prepared
under the ESA must contain the following elements:


(1) a description of site-specific management actions that may be necessary to achieve the plan’s
goal for the recovery of the species; (2) objective, measurable criteria which, when met, would
result in an initial determination that delisting of the species may be appropriate; and (3) an
estimate of the time required and cost to carry out those measures needed to achieve the plan’s
recovery goals.16 U.S.C. § 1533(f)(B). Unless the Service finds that preparing such a plan will
not promote the conservation of the species, the obligation to prepare a recovery plan is
mandatory. 16 U.S.C. § 1533(f). See also Southwest Center for Biological Diversity v. Bartel, 470 F.
Supp.2d 1118 (S.D. Cal. 2006); Environmental Defense Center v. United States Department of the Interior,
Case No. 99-9042, at 9 (C.D. Cal. May 20, 2001); Sierra Club v. Lujan, 1993 WL 151353, *11
(W.D. Tex. 1993).


4Recent cases where courts have rejected the Service’s “not prudent” finding include: Sierra Club v.  U.S.  Fish and Wildlife Service,
245 F.3d 434 (2001); and Natural Resources Defense Council: Butte Environmental Council v.  White, 145 F.Supp.2d 1180 (2001).
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Once prepared, recovery plans must be frequently reassessed by the Service.  Section 4 requires
the Service to report to Congress every two years on the status of efforts to develop and
implement recovery plans for all species and explicitly contemplates that the Service will prepare
revised recovery plans when necessary. 16 U.S.C. § 1533 (f)(3), (4). In fact, the ESA specifically
provides that FWS shall provide public notice and an opportunity for public review and
comment on any revised recovery plan prepared by the agency. 16 U.S.C. § 1533 (f)(4).5


BENEFITS OF A RECOVERED POPULATION OF WOLVES IN THE SOUTHERN ROCKY MOUNTAINS  


Aldo Leopold (1966:190) wrote that, “The last word in ignorance is the man who says of an
animal or plant: ‘What good is it?’ To keep every cog and wheel is the first precaution of
intelligent tinkering.” Despite this sage advice, the scythe of human-caused extinction cuts 1,000
to 10,000 times faster than historical background rates, and its pace is increasing (Wilson 2002).
Yet, ecosystem health implies there are a full complement of native species as well as the
biological processes associated with these species (i.e., structure and function). 


Finely tuned interactions among species, physical environments, and ecological processes form
the webs of life on our planet. Ecosystems, species, and systems have evolved over time within a
range of variability (Noss 1999). When significant components of the system are lost or
destroyed, that range may increase, exceeding species’ ability to adapt. Unstable positive
feedback can preclude a return to normal. Altered structure and function can then cause
secondary waves of extinction that further amplify the instability.


Among animals, pollinators, seed-dispersers, ecosystem engineers (e.g., beavers), and a host of
other organisms are critical to the structure and function of biological communities (Owen-Smith
1989, Wilson 1987, Buchmann and Nabhan 1996, Detling 1998).  The presence of self-sustaining
populations of gray wolves within their native range is indicative of the healthiest of ecosystems.
When wolves are eliminated from the system, ecological and evolutionary relationships are
distorted far beyond changed number and behavior of ungulates. Wolves perform important
functions at and above the community level, whether through pathways of energy flow, through
widespread coevolutionary adaptations with other organisms (e.g., prey species, mesopredators,
parasites), or by affecting standing biomass and production. Accordingly, the restoration of an
ecologically viable wolf population in the Southern Rocky Mountains should restore a significant
level of ecological health to the region.


Large carnivores, including wolves, are important for far more than just their ecological value,
however.  For many people carnivores represent strong cultural, aesthetic, and existence values,
and the importance of these values appears to be increasing (Kellert et al.1996).  The strong
values large carnivores invoke lead to substantial economic value, as more people spend money
to see carnivores in the wild and purchase related products.  Simply put, large carnivores matter
to a vast and growing number of people.


How Carnivores Affect Ecosystem Health


One key goal of the ESA is to effect the recovery of threatened and endangered species and the
ecosystems upon which they depend. 16 U.S.C. 1531 § (b).  Perhaps nowhere else is the
connection between individual species and ecological health more apparent than at the apex of
the trophic system—a place often occupied by large carnivores, including wolves.  Wolves are
the apex carnivore in the systems they occupy (Ripple and Betscha 2003).  When people discuss


5Although there are no regulations governing the preparation and revision of recovery plans, the Service has prepared
guidelines for the agency on recovery planning. See U.S. Fish and Wildlife Service, Policy and Guidelines for Planning and
Coordinating Recovery of Endangered and Threatened Species (May 1990) (available at
http://www.fws.gov/endangered/pdfs/Recovery/90guide.pdf).
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ecological interactions that affect abundance, distribution, and diversity across trophic levels,
they often talk about top-down or bottom-up control. In the ecological sense, control means a
qualitative or quantitative effect on ecosystem structure, function, and diversity (Menge 1992). 


Reducing trophic interactions to sharp categorizations of either top-down or bottom-up may be
counterproductive. It is clear that forces flow in both directions simultaneously and interact while
doing so (Menge and Sutherland 1976, Fretwell 1987, Hunter and Price 1992, Menge 1992,
Power 1992, Estes et al. 2001). For example, while the number of trophic levels in a top-down
cascade affects plant biomass, the productivity from the bottom-up also affects the number of
trophic levels (Fretwell 1987, Power 1992). Scientists quickly recognized the qualitative and
quantitative role that food has on consumers. Until recently, however, knowledge about how
carnivores affect a system remained obscure. 


As a simple example, if bottom-up control dominates, energy moving from lower to higher
trophic levels regulates the system. An increase in the biomass of consumers is directly related to
increases in productivity of their resources. Species richness and diversity are maintained by
defenses of both plants and herbivores, or because competition forces species to specialize and
use discreet niches (Pianka 1974, Hunter and Price 1992, Polis and Strong 1996). Because
carnivores sit at the top of the food chain, bottom-up theories leave them with little ecological
role (Estes et al. 2001). Under the bottom-up model, they receive more than they contribute.
Implicitly, this can justify politically based management strategies that hold carnivore numbers
artificially low (e.g., protecting domestic livestock or providing better opportunities for sport
hunting).


In a system with top-down regulation, herbivores can reduce the biomass of plants, but in turn,
carnivores check the growth of herbivore biomass (Hairston et al. 1960, Fretwell 1977, 1987,
Oksanen et al. 1981, Oksanen and Oksanen 2000). Predation also produces indirect impacts that
flow through the system far beyond the direct effect of a predator on prey (e.g., too few
carnivores allow ungulate numbers to increase, which changes the plant community in ways that
affect diversity, abundance, and competition among many other organisms). Top-down
regulation implies strong interactions among three general trophic levels: plants, herbivores, and
carnivores. 


At very low levels of productivity, there will be only one trophic level: plants (see Oksanen and
Oksanen 2000). Factors that limit plant biomass are available resources and competition with
other plants for those resources. As productivity increases, so does plant biomass, until there is
enough to support a second trophic level, the herbivorous consumers. Id. With two trophic
levels, herbivore biomass increases with increasing productivity until a third trophic level can be
supported, the carnivores. Id. Carnivores now limit the number of herbivores, reducing the
amount of pressure that herbivores place on plants. The plants and carnivores now flourish (first
and third trophic levels), whereas the herbivores (second trophic level) are held in check by
carnivores. 


Plants flourish under odd numbers of trophic levels, but growth is limited under even numbers. In
contrast to bottom-up theory, under top-down regulation neither plant nor herbivore biomass
increases linearly with increases in productivity. Instead, there will be a stepwise accrual as the
food chain lengthens – herbivores limit the expansion of plants and carnivores do the same to
herbivores. Id. 


Sometimes a species with low biomass can have an ecological effect that is disproportionate to its
abundance, a highly interactive species (Soulé et al. 2003, 2005). Under top-down regulation,
the actions of these species maintain diversity, although a numerically dominant species may also
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serve that function (Paine 1966, Estes et al. 2001). If a carnivore checks a prey species that is
competitively superior, or changes prey behavior in some way, then it is erecting ecological
boundaries that protect weaker competitors from competitive exclusion (Paine 1966, Terborgh et
al. 1999, Estes et al. 2001). Under this paradigm, carnivores play an important role in regulating
interactions. Predation can cause indirect impacts that affect flora and fauna ecologically distant
from the carnivore (Terborgh 1988).


The Impacts of Predators on Prey


As mentioned above, carnivores control prey by direct and indirect mechanisms. Predation may
directly reduce numbers of prey (Terborgh 1988, Terborgh et al. 1997, 2001, Estes et al. 1998,
Schoener and Spiller 1999). Indirect mechanisms cause prey to alter their behavior so that they
become less vulnerable (Kotler et al. 1993, Brown et al. 1994, FitzGibbon and Lazarus 1995,
Palomares and Delibes 1997, Schmitz 1998, Berger et al. 2001a). They may choose different
habitats, different food sources, different group sizes, different time of activity, or limit the
amount of time spent feeding. 


If a predator selects from a wide-range of prey species, the presence of the predator may cause all
prey species to reduce their respective niches and thus reduce competition among those species.
Removing the predator will dissolve the ecological boundaries that check competition. As a
result, prey species may compete for limited resources, and superior competitors may displace
weaker competitors leading to less diversity through competitive exclusion (see Paine 1966,
Terborgh et al. 1997, Henke and Bryant 1999). The impact of carnivores thus extends beyond
the objects of their predation. By changing distribution, abundance, and behavior of herbivores,
carnivores have far-reaching effects. Because herbivores eat seeds and plants, predation on that
group influences the structure of the plant community (Terborgh 1988, Terborgh et al. 1997,
2001, Estes et al. 1998). The plant community, in turn, influences distribution, abundance, and
competitive interaction within groups of birds, mammals, and insects.


As previously discussed, plants suffer or thrive when there are even or odd numbers of trophic
levels, respectively. Direct evidence for this comes from the over-exploitation (fur trade) of sea
otters (Enhydra lutris) in the north Pacific (see Estes 1996, Estes et al. 1978, 1989, 1998, Estes and
Duggins 1995). This system evolved with three trophic levels: carnivorous sea otters,
herbivorous macroinvertebrates (e.g., sea urchins), and kelp forest. Following sea otter decline,
marine invertebrate herbivores increased in number and devastated the kelp forest (creating a
system with two trophic levels). This produced a cascade of indirect effects that reduced
diversity in a host of fish, shorebirds, invertebrates, and raptors (see Estes 1996, Estes et al. 1978,
1989, 1998, Estes and Duggins 1995). 


Gradual recovery of the sea otter in recent years restored the third trophic level. Invertebrate
grazers then declined, and the kelp forests and associated fauna recovered (Estes et al. 1978,
1989, 1998). When killer whales (Orcinus orca) entered the area, they imposed a fourth trophic
level (Estes et al. 1998). The killer whales reduced numbers of sea otters, allowing the
invertebrate grazers to increase and that reduced the biomass of the kelp forest.


Similarly, Krebs et al. (2001) synthesized 40 years of studies on the snowshoe hare (Lepus
americanus) cycle. Some ecology textbooks have highlighted the observed 10-year oscillation as a
predator-prey cycle between lynx (Lynx canadensis) and hare. The Krebs et al. (1995, 2001) study,
however, revealed that one can only understand the process by analyzing all three trophic levels.
To quote Krebs et al. (2001: 34), “The hare cycle is caused by an interaction between predation
and food supplies, and its biological impacts ripple across many species of predators and prey in
the boreal forest.” When examining these interactions Krebs et al. (2001) stated that the
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dominant factor regulating the hare cycle was predation. Cycle dynamics did not change with
the addition of nutrients, and the immediate cause of death in 95% of the hares was predation.
Furthermore, lynx were not the only predator of hares. Lynx, coyotes (Canis latrans), goshawks
(Accipiter gentilis), great-horned owls (Bubo virginianus), smaller raptors, and small mammals,
particularly red squirrels (Tamiasciurus hudsonicus) and ground squirrels (Krebs et al. 2001) all killed
snowshoe hares. Absent lynx, the hare cycle continued unchanged because of compensation
(Stenseth et al. 1998). 


In the Neotropics, Terborgh et al. (1997, 2001) took advantage of a hydroelectric project that
recently formed Lago Guri in Venezuela. The lake is 120 kilometers long and up to 70 kilometers
wide with islands scattered throughout. After seven years of isolation, nearly 75% of the
vertebrate species have disappeared from the islands that are too small to hold jaguars (Panthera
onca) and pumas (Puma concolor) (Terborgh et al. 1997, 2001). The few species that remain are
hyper-abundant with devastating effects on the plant community. On these islands there is little
regeneration of the canopy trees (Terborgh et al. 1997, 2001). 


In another example, researchers working on grasslands in Texas found that 9 months after coyote
removal, rodent species richness and diversity declined compared to areas with coyotes (Henke
and Bryant 1999). Twelve months after coyote removal, the Ord’s kangaroo rat (Dipodomys ordii)
was the only rodent species captured on the treated grassland (Ibid.). The removal of coyotes
eliminated the ecological boundaries among species of rodents, and the Ord’s kangeroo rat was a
superior competitor. They increased in number and displaced other species.


Wolves are a highly interactive species. Long-term monitoring data from the boreal forest of Isle
Royale indicate that predation by wolves on moose (Alces alces) plays a role in ecosystem function
by changing the number and behavior of moose (McLaren and Peterson 1994). The number and
movements of moose then affects the balsam fir (Abies balsamea) forest (and other woody plants)
by regulating seedling establishment, sapling recruitment, sapling growth rates, litter production
in the forest, and soil nutrient dynamics (Pastor et al. 1988, Post et al. 1999 and references
within). When the wolf population declined for any reason, moose reached high densities and
suppressed fir growth. This top-down “trophic cascade” regulation is apparently replaced by
bottom-up influences only when stand-replacing disturbances such as fire or large windstorms
occur at times when moose density is already low (McLaren and Peterson 1994). This is strong
evidence that wolves exert top-down control of a food chain.


Research elsewhere suggests elk (Cervus elephus) populations not regulated by large predators
negatively affect the growth of aspen (Populus tremuloides) (Kay 1990, Kay and Wagner 1994).
Wolves, a significant predator of elk, may positively influence the aspen canopy through a
trophic cascade caused by reducing elk numbers, modifying elk movement, and changing elk
browsing patterns on young aspen (White et al. 1998; Ripple and Betscha 2003; 2004). Aspen
recruitment ceased when wolves disappeared from YNP (Ripple and Larsen 2000). Similarly,
Berger et al. (2001b) showed that moose increase their numbers, when wolves and grizzly bears
(Ursus arctos) were absent. Because moose reduce the quality and quantity of willow, neotropical
migrant birds fare better in areas where wolves and bears prey on moose. These factors are being
reversed with the reintroduction of wolves into Yellowstone in 1995 (Ripple and Betscha 2004).


Relationships Between Large Carnivores and Mesopredators


Large carnivores directly and indirectly affect smaller predators, and therefore the community
structure of small prey (Terborgh and Winter 1980, Soulé et al. 1988, Bolger et al. 1991, Vickery
et al. 1994, Palomares et al. 1995, Sovada et al. 1995, Crooks and Soulé 1999, Henke and Bryant
1999, Schoener and Spiller 1999). Small prey distribution and abundance affect ecological
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factors like seed dispersal, soil porosity, soil chemistry, plant biomass, plant nutrient content, and
epizootics (Whicker and Detling 1988, Hoogland 1995, Detling 1998, Keesing 2000). 


In California, Soulé et al. (1988) and Crooks and Soulé (1999) documented more species of
scrub-dependent birds in canyons with coyotes than in canyons without coyotes. The absence of
coyotes allowed behavioral release of opossums (Didelphis virginianus), foxes (Vulpes spp.), and house
cats. These species preyed heavily on songbirds and native rodents. Researchers have also
observed the effects of mesopredator release in grasslands (Vickery et al. 1994, Henke and Bryant
1999), wetlands (Sovada et al. 1995), and Mediterranean forest (Palomares et al. 1995).


Mesopredator release can manifest in at least three ways: population increases of mesopredators,
modified niche exploitation, and altered community structure (largely because of the first two).
An excellent example comes from Yellowstone. Wolves were extirpated from the Park in the early
part of the last century. In the absence of competition from wolves, coyotes assumed some of the
ecological characteristics and functions of the larger canid, including pack formation and
predation on large ungulates (Crabtree pers. comm.). However, due to physical limitations,
coyotes could only partially fill the role of the apex predator. The dynamics of the predator/prey
system were modified. Interspecific associations such as mutualistic relationships and/or co-
evolved food webs were disrupted. This in turn may have markedly altered the diversity and
composition of the natural community, causing secondary extinctions or other unanticipated
ripple effects.


When wolves were reintroduced, they changed the distribution and abundance of competitors
such as coyotes, as they have done elsewhere (Paquet 1989, 1991, 1992, Crabtree and Shelton
1999). In addition to these obvious competitive interactions, wolves also provide a regular supply
of carrion, which is exploited by smaller carnivores.


Macroecological Evidence for Top-down Forces


The previous sections outlined some mechanisms through which carnivores can control
ecosystems. How widespread are these impacts? Historically, many managers and biologists held
the view that bottom-up forces drove ecosystem interactions. That viewpoint persists today (see
Polis and Strong 1996). Obviously, resource abundance and competition play important roles,
but modern evidence shows that top-down effects function simultaneously (see Terborgh et al.
1999, Estes et al. 2001). To ignore the indirect effects that carnivores exert on diversity, structure,
and function of an ecosystem could fatally flaw management strategies. 


There is a growing body of macroecological evidence to support the impact of carnivores on
ecosystems. For example, Oksanen and Oksanen (2000) compared areas with herbivores to areas
without herbivores to determine differences in plant biomass and primary productivity. All 51
locations studied were in Arctic/Antarctic regions. In areas with herbivores, the regression slope
between plant biomass and increasing productivity was flat, whereas in areas without herbivores
the regression slope between plant biomass and increasing productivity was positive and steep.
Id. This supports their hypothesis of top-down regulation. Wolves are the apex carnivore in the
systems they occupy (Ripple et al. 2003), and the evidence from YNP and elsewhere indicates
that wolves do, in fact, have a top-down regulatory effect (White et al. 1998; Ripple and Betscha
2003; 2004), as discussed previously. 


Outside the Arctic/Antarctic, most macroecological evidence for impact of carnivores on
ecosystems must be viewed with caution because humans already have altered a large percentage
of temperate and tropical biomes. This complicates our ability to separate the effects of
carnivores from those of humans. Nevertheless, evidence suggests that carnivores are important. 
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Crête and Manseau (1996) compared the biomass of ungulates to primary productivity along a
1,000 km latitudinal gradient on the Québec-Labrador peninsula, and Crête (1999) did the same
over North America. For the same latitude, ungulate biomass was 5 to 7 times higher in areas
where wolves were absent compared to where wolves were present. In areas of former wolf range,
but where currently no wolves exist, a regression of ungulate biomass to primary productivity
produced a positive slope (Crête 1999), indicating that the absence of wolf predation had
released ungulate herbivory to a significant degree. In Poland, red deer (elk) irrupted after
persecution eliminated wolves, and roe deer (Capreolus capreolus) irrupted when humans extirpated
European lynx (Lynx lynx) (Jedrzejewska and Jedrzejewski 1998 in Jedrzejewski et al. 2002). The
elimination of carnivores from an area that evolved with strong predator–prey interactions may
have a severe impact through a trophic cascade. 


Having considered both qualitative and quantitative evidence, Terborgh et al. (1999) concluded
that top-down control was stronger and more common than previously thought. Schmitz et al.
(2000) conducted a quantitative meta-analysis of trophic cascades in terrestrial systems using
data from 60 independent tests in 41 studies. Their analysis, limited to invertebrates and small
vertebrates, detected trophic cascades in 45 of the 60 tests. They showed that predator removal
had a significant direct impact on herbivore numbers and on plant damage (positive), and
reduced plant biomass and plant-reproductive output (negative). Schmitz et al. (2000) concluded
that trophic cascades were present under a variety of conditions with different types of predators,
and occurred more frequently than currently believed. 


Another quantitative meta-analysis examined 40 scientific papers on terrestrial trophic cascades
in arthropod-dominated food webs (Halaj and Wise 2001). They reported extensive evidence
supporting terrestrial trophic cascades. Indeed, 77% of the 299 experiments showed a positive
response on the part of herbivores when predators were removed (Ibid.). 


Finally, Estes et al. (2001) reviewed the impacts of predation from a variety of different
ecosystems, including rocky shores, kelp forests, lakes, rivers/streams, oceanic systems,
boreal/temperate forests, coastal scrub, tropical forests, and exotic predators on islands. They
concluded that the process of predation has dramatic impacts at organizational levels ranging
from individual behavior to system dynamics, and on time scales that range from ecological to
evolutionary (Estes et al. 2001). 


Failing to recognize the role of carnivores can produce drastic changes in ecosystems. For
example, managers have reduced carnivore numbers to keep ungulates at artificially high levels
for recreational hunting. Yet, overabundance of white-tailed deer has been shown to reduce
numbers of native rodent species, produce declines in understory nesting birds, obliterate
understory vegetation in some forests, and even eliminate regeneration of the oak (Quercus spp.)
canopy (Alverson et al. 1988, McShea and Rappole 1992, McShea et al. 1997). 


Relative Strength of Interactions under Various Conditions


While carnivores like wolves exert top-down influences on communities, those influences vary
significantly under different environmental conditions. The level of influence is a complex and
situational event. Abiotic factors, such as type, frequency, and scale of natural disturbance (see
Connell 1978) can influence the relative importance of top-down or bottom-up forces.
Disturbance over large geographic scales shortens food chains (at least temporarily) and thus
changes interaction dynamics among trophic levels (Menge and Sutherland 1976). Climatic
patterns, such as El Niño or La Niña affect the ability of highly interactive predators to regulate
prey in aquatic (Sanford 1999) and terrestrial systems (Ballard and Van Ballenberghe 1997, Post
et al. 1999). Seasonally driven mechanisms can alter rates of compensatory mortality and natality,
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and thus adjust the impact of predation on the population size of prey (Boyce et al. 1999). The
level of productivity in a region can influence what threshold of distribution and abundance for
the predator allows that predator to exert its role in ecosystem function.


Behaviors like migration allow animals to make use of food over a larger area (Fryxell et al. 1988).
If terrestrial predators are unable to follow migrating ungulates over a long distance, then they
will have less relative impact on population numbers of the migrants (Fryxell et al. 1988, Fryxell
1995). Migratory wildebeests (Connochaetes taurinus) fit the hypothesis of predation-sensitive
foraging, where both food supplies and predation interact to regulate populations (Sinclair and
Arcese 1995). Like the earlier example of snowshoe hares, predation is the final agent of
mortality. Unlike the case of the hares, however, food supply plays a driving role in mortality of
wildebeests by predation. As food supply decreases, wildebeests increase their risk to find food
(Ibid.). 


The physical habitat in which an animal lives imposes adaptive pressures that mold behaviors and
population structures, in turn affecting the role of predation. Behavior of the predator is
important. Is it social or solitary? Is it a cursorial or “sit-and-wait” hunter? Is it a generalist or
specialist? In the prey, sociality and large body size enhance avoidance capabilities. 


The strength of interaction is complex and situational. Even within the same species, it can be
difficult to extrapolate results from one part of the range to another (Soulé et al. 2003; 2005).


Carnivores and Management 


Scientific data increasingly indicate that carnivores play an important controlling role in an
ecological system (see Terborgh et al. 1999). Yet, carnivore control as institutionalized by several
government agencies, has historically been the center of our management solutions. Intensive
management regimes often do not fully consider the circumstance, season, behavior, or other
conditions that affect the complex role of carnivores in the system.


Short-term control and hunting restrictions may be necessary when a system is highly perturbed
or fluctuating outside its normal bounds of variability. Just as heavy human harvest can influence
prey numbers, so too can predators, particularly when prey densities are low (Boyce et al. 1999).
However, rather than focusing solely on symptoms, one should ask deeper questions about why
ecosystems are perturbed. What indirect effects ripple through a system if managers or hunters
reduce carnivore numbers below the bounds of their natural variation? What will happen to
vegetation and non-game species diversity if managers try to hold ungulate numbers at
unnaturally constant and high numbers for recreational hunting? Can populations of predator
and prey be managed in ways that more closely resemble natural patterns? (Indeed, management
of ungulate production for hunter success philosophically differs little from livestock
management for meat production.) The quote in Ballard et al. (2001: 107) is telling: 


Biologists continue to debate whether predation is a regulatory or a limiting
factor, but to wildlife managers who are responsible for managing deer
populations to provide hunting and viewing opportunities, the distinction
between these terms may not matter.


It should. The evidence indicates that our lack of understanding (or lack of caring) about the role
of carnivores in ecosystem processes has damaged those ecosystems. Carnivore eradication and
reduction has simplified systems and reduced biodiversity, largely by eliminating their keystone
role of ungulate predation. 


Not only have wildlife managers reduced carnivore numbers, they have managed for unnaturally
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high numbers of ungulates. The elk population in the state of Colorado currently exceeds the
carrying capacity of the range. In 2001, CDOW wanted to reduce elk numbers from about
260,000 to 190,000 (Meyers 2001). After an elk count showed that numbers had swelled to
305,000 in the spring of 2002, the Division of Wildlife raised its target population to 230,000.
Adjusting target goals after the fact does not change productivity of the land (the winter of
2001/2002 was very dry).


In short, management policies based on reducing carnivore numbers have caused, and will
continue to cause, severe harm to many other organisms that seem distantly removed from the
apex trophic layer (see Terborgh 1988; Terborgh et al. 1999). For these reasons, carnivore policy
and ungulate management must be driven by sound ecological science at the landscape scale. 


Importance of Large Carnivores to People 


Nature and the wildlife it contains provide physical, emotional, and intellectual benefits to
people Kellert 1996, Decker et al. 2001).  Large carnivores epitomize the so-called charismatic
megafauna (i.e., large, charismatic species) that tend to enjoy greater support among most people
(Kellert 1996).  People appreciate large carnivores for the cultural, aesthetic, existence,
economic, and other values they represent (Kellert 1995, 1996).  Other people distain large
carnivores based on fears for human, livestock, or pet safety; the economic impact they
sometimes cause or are perceived to cause; and issues of private property rights and government
actions that they believe large carnivores represent (Kellert 1995, Meadow et al. 2005).  


The significance of some species from an historical or other human-centered perspective leads to
strong personal and symbolic values (Shepard 1978, Kellert 1986, 1996, Reading 1993).  Large
carnivores provide symbolic, religious, and historical values to many people (Rolston 1985,
Hardy-Short and Short 2000).  These animals often invoke a feeling of awe and enlivened senses
among humans (Kellert 1996, Hardy-Short and Short 2000).  As a result, in many cultures,
people revere or revered large carnivores (Lukert 1975, Campbell 1988, Nelson 1993).  Hoping
to tap into the admired attributes of large carnivores, such as hunting prowess, stealth, strength,
and speed, people created religious and social societies centered on the these animals (Levi-
Strauss 1963, 1966, Campbell 1988). Large carnivores continue to symbolize such traits today, as
any list of sports teams’ and luxury products’ names attest.


The beauty and symbolic nature of large carnivores inspires many people (Kellert 1995, Kellert
et al. 1996).  That inspiration often stimulates the mind and results in an artistic outpouring (Van
Dieren and Hummelinck 1979, Rolston 1981, Reading 1993).  As a result, large carnivores often
form the foci of literature, poems, paintings, sculptures, and dance.  These animals—and the art 
they inspire—provide a source of satisfaction, well-being, and contentment to many people who
view them (Kellert 1995).


People also develop strong emotional attachments to large carnivores based on moral and ethical
considerations (Kellert 1980, 1996, Reading 1993).  Many of these people will never see a large
carnivore in the wild, but they want these animals to exist.  To these people, such intrinsic,
“existence values” are important and influential (Rolston 1981, Brown et al. 2001).  People donate
substantial sums of money to ensure the conservation of large carnivores and often vote to
further their protection.  To some of these people, large carnivores are not only important to
them, but they want to ensure that their children or grandchildren have the opportunity to see
them in wild.  Social scientists dub these ‘bequest values’ (Brown et al. 2001).  Other people
embrace ‘altruistic values’ toward carnivores – they simply recognize that other people want to
see large carnivores, whether or not they are related to them.  


Large carnivores head the list of species people want to see when they engage in wildlife-based
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recreation, and they often expend great effort in trying to catch a glimpse of large carnivores in
natural settings (Van Dieren and Hummelinck 1979, Rolston 1981, Reading 1993).  As a result of
the satisfaction many people obtain from direct experiences with large carnivores, they spend
money traveling to view and purchasing products that feature these animals (Kellert 1996).
Large carnivores also add value to outdoor recreation that is not wildlife-based, as people often
place additional value on seeing large carnivores or simply knowing these species are around
them (Rolston 1981, Shaw 1987, Brown et al. 2001).  The economic impact of wolf restoration to
YNP, for example, generates an additional $35 million/year in revenue for the region surrounding
the park; and, since those dollars turn over in the local communities, the wolves have created an
overall impact of $70 million/year to the local economy (Duffield et al. 2006, Stark 2006).
Indirect recreational values accrue from books, television shows, and magazines devoted to these
animals (Bryan 1980, Kellert et al. 1996).  Large carnivores help companies sell many other
products from cars to corn flakes to camping gear to tickets to sporting events.


Not all of the values ascribed to large carnivores are positive, however.  Some people dislike large
carnivores because they pose or are perceived to pose a threat to the safety of humans, pets or
livestock (Kellert 1980, 1995, Reading 1993, Hardy-Short and Short 2000).  Yet, that dislike
often extends well beyond concerns for safety.  As Kellert et al. (1996: 105) stated with respect
to wolves:


As the extent and viciousness of the killing often reached irrational proportions,
one suspects the wolf may have performed roles beyond the merely utilitarian.
Destroying the wolf may have also reflected the urge to rid the world of an
unwanted and feared element in nature, perhaps even the settler’s atavistic
potential to succumb to the allure of wildness and the absence of civilizing
control.


Kellert et al. (1996: 110) goes on to suggest that for some people “the wolf, grizzly bear,
mountain lion, and other large predators remain a vivid reminder of the necessity to combat and
repress wild nature in the never ending struggle to render the land safe and productive.”  To other
people large carnivores have come to symbolize governmental interference in how they manage
private property or interact with wildlife (Kellert et al. 1996, Meadow et al. 2005).  For centuries,
governments helped people in their efforts to control or eradicate large carnivores (Lopez 1978,
Dunlap 1988, Kellert et al. 1996), so it is not surprising that the recent shift by many government
agencies from control to conservation has been met with bewilderment and anger by some
sectors of society.  


Despite some of the negative values they engender, overall, large carnivores stimulate the
imagination and inspire a sense of awe and wonder for many people, making them among the
most highly valued of all species.  It is difficult to place a monetary figure on many of the values
ascribed to large carnivores (Brown et al. 2001).  The result is that large carnivores often go
underappreciated in traditional economic analyses and therefore governmental policies.  Yet, that
is slowly changing as decision makers increasingly recognize that not all parts of a cost-benefit
analysis are easily captured using traditional methods (Brown et al. 2001, Loomis 2004).


In sum, large carnivores are ecologically important, often disproportionately important, to the
ecological systems they inhabit.  Yet, they are also important to people for a variety of other
reasons, including cultural reasons, aesthetics, their right to exist, and for the economic benefits
they sometimes accrue.  Large carnivores often exert strong influence on ecological systems
through top-down regulation, in which they affect herbivores that in turn affect the vegetation.
The mechanisms of top-down regulation include both direct affects, through predation, and
indirect affects, in which large carnivore influence the behavior of their prey.  By controlling
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population of smaller predators, large carnivores also reduce pressure on the prey of these
mesopredators.  Evidence for the importance of large carnivores to the ecological systems they
inhabit continues to mount.  Many people value the role that these charismatic animals play in
the systems they inhabit, but people value large carnivores for a wide variety of other reasons as
well, including symbolic, existence, aesthetic, recreational, and other values.  Of course, many
people also hold negative values and attitudes toward large carnivores.  Thus, the human
dimensions of large carnivore management often rival or surpass the ecological challenges of
management.


POTENTIAL FOR RECOVERY IN THE SOUTHERN ROCKY MOUNTAINS  


The best scientific and commercial data available indicates that the Southern Rocky Mountains
region has a significant capacity to support and sustain a population of gray wolves (Bennett
1994; Carrol et al. 2003).  As early as 1994, scientific information painted the Southern Rockies
as a great habitat for wolves.  Bennett (1994), working with the FWS and the University of
Wyoming Cooperative Research Unit, estimated that western Colorado could support around
500 to 1,000 wolves. Martin et al. (1999) found areas that were highly suitable for wolves in
northwestern, west-central, and southwestern Colorado, and they agreed with the estimates by
Bennett (1994).


A Population and Habitat Viability Analysis (PHVA) conducted by the International Union for
the Conservation of Nature (IUCN) bolstered the predictions of these earlier models (Phillips et
al. 2000). Martin et al. (1999) and Carroll et al. (2003) identified areas in northwestern, west-
central, and southwestern Colorado where wolves could thrive. In addition, they noted good
wolf habitat at the Colorado-Wyoming border and in northern New Mexico (Carroll et al.
2003). Carroll et al. (2003) predicted that perhaps 1,300 wolves could eventually live in the
Southern Rockies, with nearly 90% of those wolves using public land. The Southern Rockies
Ecosystem Project’s Southern Rockies Ecosystem Vision (Miller et al. 2003) outlined a plan to
retain and enhance connectivity for wolves among these areas, largely using least-cost path
analysis6 (Fink et al. 2003).


Carroll et al. (2003, 2006) further estimated the success of reintroducing wolves to four core
areas of 2,500 km2 of high-quality habitat (see Figure 5). They predicted that 97 wolves could
inhabit a northern New Mexico/south-central Colorado core area (the Carson National Forest,
Santa Fe National Forest [NF], Vermejo Park Ranch); 75 wolves could live in a southwestern
Colorado core area that is probably the wildest area in the Southern Rockies (the San Juan NF,
Rio Grande NF, and Grand Mesa, Uncompahgre, and Gunnison NF); 102 wolves could exist in a
west-central Colorado core area (northern portions of the Grand Mesa, Uncompahgre, and
Gunnison NF, and the southern portion of the White River NF); and 155 wolves could reside in a
northwestern Colorado core area (the Flattops, encompassing portions of the White River NF
and Routt NF). Eventually some wolves would disperse from these core areas and promote
growth of the population throughout the ecoregion and beyond.


The best scientific and commercial data available indicates that wolves are not likely to
successfully recolonize the Southern Rocky Mountains through natural immigration (Carroll et
al. 2003).  Specifically, Carroll et al. (2003) considered the likelihood of wolves inhabiting the
Southern Rockies Ecoregion from dispersers arriving from Wyoming, concluding that such
movements would produce less than one pack in the Southern Rockies over 200 years. Since
then, it has become clear that the state of Wyoming will manage wolves aggressively to minimize


6 Least-cost path analysis utilizes route-finding algorithms that have some applicability to the way that animals may move
through the environment in order to find potential habitat connections between core areas.  Computer simulations like
these are only the first step in identifying corridors for animal movements.  For more information, see:
http://www.grizzlybear.org/leastcostpath.htm as an example of an application to carnivores.
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the size of the population there, including the number of dispersing wolves. While it seems
appropriate for CDOW to adopt a management plan that promoted the survival of wolves
dispersing from Wyoming, it further seems certain that reintroducing wolves to core areas of
high-quality habitat is the most certain and cost-effective way to restore the species to the
Southern Rockies Ecoregion.


The message from the models of Martin et al. (1999), Bennett (1994), Phillips et al. (2001), and
Carroll et al. (2003, 2006) is that the Southern Rockies ecoregion could support a viable
population of around 1,000 wolves under current landscape conditions. Those wolves would
largely inhabit public lands and genetic exchange would occur among populations. While the
social structure of wolves hastened their decline a century ago, that same social structure can
help wolves restore themselves quickly, as evidenced by the results in YNP (Smith and Ferguson
2005).


Wolves may leave protected areas, but populations will remain dependent on those protected
cores areas (Fritts and Carbyn 1995, Haight et al. 1998, Woodruffe and Ginsberg 1998). Even
though elk numbers in the southern Rockies rivals prey availability in the Greater Yellowstone
Ecosystem, the smaller size of protected areas in the Southern Rockies means humans may kill
more wolves as they move throughout the region. That could slow the rate of wolf establishment
in the Southern Rockies. While wolf recovery efforts in the Great Lakes region of the United
States suggest that wolves can coexist with high levels of development, people there have lived
with wolves for several decades. Wolf reintroduction to the western U.S. likely faces heavy initial
resistance. Other factors, such as state’s rights, concerns over possible restrictions from
implementation of the ESA, and fear of change undoubtedly will all come into play. It may take
years to alter such perceptions. After a decade, the Mexican wolf reintroduction still falters due
to human resistance and lack of a core protected area.  As such, reintroduction remains the most
likely path to successful recovery of the species in the Southern Rocky Mountains within a
reasonable timeframe, given the ability of managers to quickly create a large, diverse population
of founders.


The small size and relative isolation of core areas in the Southern Rockies Ecoregion means
connectivity among populations will remain important (Haight et al. 1998). The Southern
Rockies Ecosystem Vision outlines a plan to retain and enhance such connectivity (Miller et al.
2003). Combined with proposed reintroductions into the Grand Canyon area, which enjoys the
largest potential for wolves in the Southwestern U.S. (Carroll et al. 2006), reintroducing wolves
into the Southern Rockies provides an outstanding opportunity to help recover the animal
throughout a significant portion of its range—as mandated by the ESA. These two proposed
reintroductions would reconnect wolves along the Spine of the Continent—the Rocky Mountain
chain—from Mexico through Canada and beyond. Noted wolf biologist Dr. L. D. Mech
concluded the following when considering wolf restoration to the Southern Rockies ecoregion:


“Ultimately then this restoration could connect the entire North American
wolf population from Minnesota, Wisconsin, and Michigan through Canada
and Alaska, down the Rocky Mountains into Mexico. It would be difficult to
overestimate the biological and conservation value of this achievement.”


Reintroduction to these two areas would also restore a linkage for wolves along the Colorado
River, thus connecting two extremely popular National Parks—Grand Canyon and Rocky
Mountain National Parks (as well as the several parks between them). Sufficient habitat and prey
for wolves exist in these regions now.  Evolutionary and ecological restoration will not occur if
wolf recovery is limited to a few small and isolated populations in the northern Rockies, north
central U.S., and southwestern U.S., all of which will come to more closely resemble museum
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pieces rather than functioning ecological and evolutionary processes (see Soulé et al. 2003,
2005).


REINTRODUCTION AS A RECOVERY MECHANISM  


As discussed previously, the best scientific and commercial data available indicate that natural
recolonization is not likely to result in the recovery of wolves in the Southern Rocky Mountains
(Carroll, et al. 2003).  Given this conclusion, a recovery plan for wolves in the Southern Rocky
Mountains must include reintroduction of wolves to the Southern Rockies.


Legal Considerations


Endangered species may be reintroduced to parts of their range under various different legal
scenarios.  First, they may be reintroduced as fully protected species (i.e. “endangered”).  As has
been done in the Northern Rocky Mountains, wolves may be reintroduced as an “experimental”
population under section 10(j) of the ESA.  Or, finally, wolves may be repatriated under scenarios
that utilize aspects of the ESA meant to enhance recovery of the species, such as Safe Harbor
Agreements or Enhancement of Survival permits.


Petitioners here argue that wolves in the Southern Rocky Mountains shall be reintroduced to
their former range with the full protections of the ESA in place.  Although this has not been the
chosen alternative for restoration of wolves heretofore, it remains the most biologically and
legally justifiable means to accomplish recovery of the species.  In particular, recovery of this
fecund habitat generalist would be both enhanced and greatly expedited if the species is fully
protected under the ESA it, because it is entitled to critical habitat designation and protection of
that critical habitat through consultation.


As outlined in Section V, the species faces a variety of threats to its survival.  Of particular import
are the anthropogenic threats associated with the production of livestock and the destruction or
modification of habitat.  It is the presence of these anthropogenic threats (and their critical role
in fomenting the original imperilment of the species) that necessitate providing the species with
the protections (including the designation of critical habitat) afforded under the “endangered”
status.


As has been demonstrated with previous and current wolf recovery efforts elsewhere, authorized
take of wolves listed as experimental non-essential has exacted a significant toll on the recovering
wolf populations.  By contrast, were the species afforded the full protections of the law, the
incidence of take would be expected to be substantially diminished.  Moreover, research to-date
has failed to demonstrate long term efficacy of control actions in reducing the incidence of
depredations (Musiani, et al. 2003), and the Service has yet to provide any evidence that
aggressive control actions increase tolerance for the species amongst livestock producers.  Given
that aggressive control of depredating wolves has failed to demonstrate efficacy on any measure
tied to the long term conservation of the species, the Service is left with no justification for
reducing legal status of the species.  That is a very good point


Ongoing destruction and modification of the species' habitat also poses a long term threat to the
recovery and survival of the species throughout its range, including in the Southern Rocky
Mountains.  As demonstrated by Carroll, et al. (2003, 2006), existing wolf habitat in the region
faces serious threats by development.  Conversely, habitat in the region could actually be
improved by decreasing road densities on federal lands. Ibid.  As Carroll, et al. represents the best
scientific and commercial data available with regard to wolf habitat in the Southern Rockies, the
protection and restoration of habitat in the region is a clear priority as it relates to wolf recovery.
Therefore, the protection of habitat duties conferred via the designation of critical habitat is both
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appropriate and necessary to affect the recovery of wolves in the Southern Rocky Mountains.
Designation of critical habitat for wolves in the Southern Rocky Mountains stands to enhance
the efficacy of the recovery program.


Other reintroduction programs have been effectively conducted under the protections of a fully
endangered status for the listed species.  In particular, the California Condor (Gymnogyps
californianus) has been reintroduced in California under an endangered classification, and the
American peregrine falcon (Falco peregrinus anatum) was successfully recovered and removed under
the act, in part as a result of reintroduction efforts conducted with the species listed a
endangered. 


In sum, it is both appropriate and possible to successfully recover wolves using reintroduction
while maintaining full legal protection for the species.  Maintaining status of the species as
endangered would, arguably, help to expedite recovery and reduce program expense through
cost avoidance. 


VII.  CONCLUSION


For the reasons set forth above, Petitioners request that FWS develop a recovery plan for gray
wolves in the Southern Rocky Mountains and designate critical habitat for the species in the
region.  Petitioners expect timely processing of this petition.  A recovery plan and critical habitat
for wolves in the Southern Rockies is warranted due to the present absence of the species from
this part of its historic range and the determination of the best scientific and commercial data
available that the region could support over 1,000 wolves, and that under certain habitat
scenarios in the future the capacity of the region to support wolves could be diminished without
adequate protection.


The extirpation of the gray wolf from the Southern Rockies stands as a symbol of the
“consequences of economic growth and development untempered by adequate concern and
conservation” (ESA Section 2; 16 U.S.C. § 1531(a)(1)).  The protection and restoration of the
Southern Rocky Mountains and this important apex predator is therefore mandated under the
ESA.


Respectfully submitted,


Rob Edward, Director
Carnivore Recovery Program
WildEarth Guardians
303.573.4898 ext. 762
redward@wildearthguardians.org
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