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Executive 
Summary

            ven the largest species on the 
            landscape—our nation’s treasured 
big game wildlife—are being directly 
exposed to changing climate, and indirectly 
through affects on habitat. Populations and 
habitats have already been affected, and 
landscapes are changing. Increasingly 
severe drought, rising temperatures and 
greater weather extremes will leave no big 
game species untouched.

Huge investments were made to restore 
big game in the 20th century and continue 
today. These investments have come from 
many sources, especially special excise 
taxes paid by hunters through the Federal 
Aid in Wildlife Restoration Act. As a result, 
many big game habitats and populations 
have been successfully restored across the 
Nation. However, restoration of caribou, 
deer, moose, mule deer, pronghorn and 
white-tailed deer are expected to be set 
back by climate change. Bighorn sheep, still 
at a small fraction of their historical levels, 
can ill-afford the added challenge of climate 
change. It appears that bears will be less 
affected and only elk may fare better, at 
least for the near future.  

Trekking into the outdoors is popular, 
whether to hunt, watch big game, camp or 
hike. As climate change progresses, these 
activities will expose outdoor adventurers 

E to an increased risk of Lyme disease. Its 
carrier, the deer tick, is expected to survive 
warming winters in greater numbers and to 
increase its range by more than half.   
 
Carbon emissions, which drive climate 
change, can be addressed by implementing 
the Environmental Protection Agency’s 
authority under the Clean Air Act to reduce 
carbon pollution from power plants.  
Development of clean energy sources, such 
as solar and wind, facilitates reducing fossil 
fuel use. Restoration of natural carbon sinks 
has the double benefit of taking carbon out 
of the atmosphere and providing habitat for 
big game and other wildlife.

Actions must also be taken to help 
safeguard big game wildlife from the climate 
impacts of carbon already polluting our 
atmosphere. These include promoting the 
practice of “climate-smart conservation” 
by explicitly taking climate change into 
account in our wildlife and natural resource 
management efforts. Maintaining or 
restoring connections between winter 
and summer ranges and reducing other 
stressors is important. Key habitat areas 
must be protected where they exist now 
or could exist in the future. Hunters can 
support wildlife agencies as they adjust 
seasons and management plans to account 
for the effects of climate change.
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Ticks, Lyme Disease and Climate 
Change—A Perfect Storm

Anyone spending significant time outdoors should 
be concerned about the effects of climate change on 
ticks. Lyme disease is a bacterial disease carried by 
western black-legged ticks, as well as black-legged 
ticks, commonly known as deer ticks, and is most easily 
transmitted in the spring and summer.6 Survival of deer 
ticks is greater in milder winters.7 Longer summers can 
lead to proliferation of stronger and more persistent 
strains of the Lyme disease bacteria with greater severity 
of infection in humans. As the warm season increases in 
length there is likely to be an increase in Lyme disease 
severity, particularly in the upper Midwest, similar to 
New England where the incidence of Lyme disease is 
high.8 As if that isn’t enough, climate change could 
expand the distribution of deer ticks nearly 70 percent 
by later this century, primarily to the north.9 This could 
also lead to an increase in other much less commonly 
known tick-borne diseases, such as Powassan virus, 
anaplasmosis and babesiosis.10 

At Risk—The Successful History of 
Restoring Big Game Wildlife

Elk, moose, bear, pronghorn, mule deer and white-tailed 
deer are all poster children of remarkable conservation 
efforts. Today these species are common in many areas 
and are popular game species. They are also extremely 
popular for viewing, such as in Rocky Mountain National 
Park where bugling bull elk in rut can be seen shepherding 
their harems, sometimes with 20 or more cows.11,12 

Our nation’s big game wildlife have not always fared 
well. By the end of the 19th century and in the early 20th 
century most of their populations had been devastated 
by unregulated take and widespread habitat destruction.13   
Even white-tailed deer were rare or gone from much of 
their historic range.14  

             limate change is already having significant 
             impacts on big game and their habitats. The past 
century’s conservation achievements of successfully 
restoring big game wildlife are now at risk from the 
pervasive effects of climate change. Big game watchers, 
photographers and hunters, as well as outdoor recreational 
businesses and wildlife managers, all have a vested 
interest and a role to play in safeguarding big game and 
their habitats in the face of climate change. In this report 
we address the potential effects of climate change on eight 
of the most common or widespread big game species: 
white-tailed deer, mule deer, moose, elk, pronghorn, 
bighorn sheep, black bear and caribou.

Climate Change 

Over-whelming scientific evidence shows that human 
activities are causing the climate to change. Air 
temperatures in the United States and around the world 
are rising due primarily to the addition of carbon dioxide 
and other heat-trapping gases to the atmosphere. Carbon 
pollution is generated primarily from the burning of coal, oil 
and gas, with a secondary contribution from deforestation 
and other changes in land use.1 In 2012 the lower-48 states 
had the highest average temperature on record, a full 
3.2 degrees Fahrenheit above the 20th century average.2   
Furthermore, seven of the top ten warmest years on record 
in the lower-48 states have occurred since 1998.3 Extreme 
meteorological events, including heat waves, droughts and 
heavy rainfall, are becoming more frequent and severe, as 
are associated wildfires and floods.4   

Observed climatic changes are relatively small compared 
to projections for the coming decades. Even with 
significant reductions in carbon dioxide and greenhouse 
gas emissions in the near-term, the effects of recent and 
current emissions will continue to manifest for many 
decades. And while the climate has always exhibited 
variability, and major climatic shifts have occurred 
throughout geological history, warming this century is likely 
to occur ten times faster than during any climatic shift in 
the past 65 million years.5 

C
Introduction

“We’re beginning to see evidence of the impacts of climate change on wildlife species and 
their habitats. Successful adaptation to changing conditions requires that hunters, wildlife 
viewers, wildlife agencies and others work together to reduce risks and increase resilience.”

Gordon S. Myers, Executive Director, North Carolina Wildlife Resources Commission



guns, ammunition and archery equipment. The funds 
generated from this tax were disbursed to the state wildlife 
agencies for wildlife conservation and hunter education 
programs. The law was remarkably innovative. It required 
that for every three dollars provided, states must provide 
a matching dollar, thereby expanding the amount of 
money dedicated to conservation. It also required that 
to be eligible for Pittman-Robertson Act funds, all other 
income to state wildlife agencies must be used only for 
agency conservation purposes. To this day, the Pittman-
Robertson Act protects agency funds from diversion to 
non-conservation purposes. In today’s challenging fiscal 
climate, continuing the dedicated funding from Pittman-
Robertson is absolutely critical for facilitating conservation 
actions by the states.

In 2012 alone more than $290 million was distributed for 
conservation to the states and U.S. territories. Since its 
passage 75 years ago nearly $10 billion dollars (inflation 
adjusted) were distributed to the states and territories. 
The Pittman-Robertson Act is credited with saving the 
pronghorn from possible extinction and helping with the 
recovery of other of big game species across the country.24   

With the success of the Pittman-Robertson legislation and 
many other efforts by citizens, state wildlife agencies and 
federal agencies, hunting and viewing opportunities have 
grown remarkably. In 2011 there were more than 12 million 
adult big game hunters, and they spent more than $16 
billion for big game hunting purposes. More than 22 million 
people watched big game around their homes, and 10 
million traveled to view big game.25  

In the 20th century the dismal status of big game and 
other wildlife began to improve. Leading the charge was 
President Theodore Roosevelt, an ardent conservationist.  
He established the first National Wildlife Refuge in 1903,15  
which was followed by executive orders establishing 50 
wildlife refuges, 150 new national forests and five national 
parks.16 In 1912 Roosevelt declared that “There can be no 
greater issue than that of conservation in this country.”17  

In 1933 Aldo Leopold became the first professor of game 
management in the country and published the book 
Game Management,18.19 thereby establishing a foundation 
for modern wildlife conservation. His conservation 
philosophy was further developed in “A Sand County 
Almanac”20 and he is widely regarded as the “father of 
wildlife management.”21  

Just a few years after Leopold became a professor, 
Jay N. “Ding” Darling, an editorial cartoonist and 
impassioned conservationist, founded the National Wildlife 
Federation in 1936.22 He orchestrated adoption of a policy 
resolution leading to the National Wildlife Federation’s 
first important accomplishment, in collaboration with 
others, which was passage of the Federal Aid in Wildlife 
Restoration Act.23 Strongly supported by hunters, it is 
also known as the Pittman-Robertson Act or simply P-R 
for the two congressmen who successfully ushered it 
through Congress. 

Through Pittman-Robertson, the developing wildlife 
conservation movement now had a critical funding 
source – an 11 percent manufacturers’ excise tax on 
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Big Game Hunters and Viewers in 2011, and 
Wildlife Restoration Funds to States from the 
Pittman-Robertson Act (1939-2013)

Sources:
U.S. Fish & Wildlife Service, DOI. 2013.
U.S. Fish and Wildlife Service. National Survey of Fishing, Hunting, and Wildlife-Associated Recreation, 2011.  
www.census.gov/prod/www/fishing.html

*North Dakota Big Game Hunter data from the most recent available - 2006
**Larger of number of big game viewers either away from home or at home.

Big Game 
Hunters

Wildlife 
Restoration 
Funds

Minimum 
Number of 
Viewers**

Alabama 477,000 $146,187,403 290,000

Alaska 110,000 $324,027,592 362,000

Arizona 127,000 $181,614,188 394,000

Arkansas 318,000 $136,835,227 316,000

California 154,000 $275,504,950 975,000

Colorado 178,000 $193,296,765 603,000

Connecticut 30,000 $55,841,681 533,000

Delaware 18,000 $45,026,927 62,000

Florida 187,000 $137,495,635 558,000

Georgia 349,000 $165,784,880 924,000

Hawaii 22,000 $44,666,814 14,000

Idaho 177,000 $144,766,093 191,000

Illinois 351,000 $164,850,603 842,000

Indiana 266,000 $139,524,521 627,000

Iowa 199,000 $131,151,393 287,000

Kansas 162,000 $138,060,534 144,000

Kentucky 315,000 $131,655,184 410,000

Louisiana 217,000 $139,470,735 257,000

Maine 143,000 $86,658,861 206,000

Maryland 73,000 $75,074,097 412,000

Massachusetts 41,000 $71,899,248 446,000

Michigan 488,000 $280,578,448 920,000

Minnesota 412,000 $225,849,340 566,000

Mississippi 469,000 $116,759,634 238,000

Missouri 464,000 $204,606,750 539,000

Big Game 
Hunters

Wildlife 
Restoration 
Funds

Minimum 
Number of 
Viewers**

Montana 128,000 $208,371,383 199,000

Nebraska 93,000 $125,787,997 87,000

Nevada 30,000 $135,246,725 90,000

New Hampshire 46,000 $45,165,424 141,000

New Jersey 89,000 $73,629,779 438,000

New Mexico 44,000 $156,917,393 98,000

New York 777,000 $226,376,919 1,633,000

North Carolina 281,000 $174,542,628 760,000

North Dakota* 77,000 $108,479,290 33,000

Ohio 515,000 $176,758,383 708,000

Oklahoma 144,000 $154,604,652 398,000

Oregon 189,000 $180,920,828 372,000

Pennsylvania 755,000 $296,918,459 1,647,000

Rhode Island 9,000 $45,000,605 80,000

South Carolina 224,000 $98,996,866 158,000

South Dakota 122,000 $131,134,378 151,000

Tennessee 337,000 $202,566,384 432,000

Texas 937,000 $357,646,774 1,541,000

Utah 149,000 $125,997,745 261,000

Vermont 84,000 $41,831,874 127,000

Virginia 405,000 $151,128,911 591,000

Washington 189,000 $155,643,365 589,000

West Virginia 244,000 $90,576,988 339,000

Wisconsin 785,000 $236,523,087 1,012,000

Wyoming 130,000 $140,215,920 409,000
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Robertson Act assisted states to research and develop 
techniques for effective management of white-tailed deer.  
This facilitated the trapping and actual relocation of white-
tailed deer to re-establish them in many areas from which 
they had long been absent.34    

Extreme weather, disease and changes in habitat are 
potential climate-driven stressors on white-tailed deer. In 
northern areas of their range, deer often seek out winter 
shelter from wind, extreme cold and deep snows in areas 
known as “deer yards.” Deer yards are typically in dense 
stands of hemlock and white pine with a generally 
southern aspect.35 Northeastern states where deer 
“yard-up” include Maine,36 Massachusetts,37 New 
Hampshire,38 New York39 and Vermont.40 In the Upper-
Midwest, deer yards are found in Michigan,41 Wisconsin42  
and Minnesota.43 Should climate-driven changes alter the 
suitability and location of deer yard habitats, deer may 
have difficulty finding new safe areas to over-winter or be 
forced into areas difficult to protect.44 

White-tailed deer are vulnerable to hemorrhagic disease 
(HD) caused by epizootic hemorrhagic disease and 
bluetongue viruses. It is most common in the late 
summer and early fall when viruses are transmitted by 
insects, specifically biting midges, sometimes called 
no-see-ums. Because the midges are killed by freezing 
temperatures, the disease subsides shortly after the first 
autumn frost. Infected deer can rapidly become ill, losing 
their appetite and natural fear of humans, and develop a 
fever and extensive internal bleeding. This is followed by 
unconsciousness and death.45,46 In northern states where 
deer are usually not as frequently exposed to HD, losses 
can be 25 percent of a local deer population, although it 
has exceeded 50 percent in some cases.47  

Hemorrhagic disease occurs most often in southern 
areas of the United States. Large-scale HD outbreaks 
frequently occur during hot, dry summers. It is thought that 
during severe droughts, deer congregate near remaining 
water sources where midges breed, facilitating the infection 
of more deer than in wetter years when deer are more 
widely dispersed.48, 49 

           he most common and widely distributed big game
           animals in North America are deer, which evoke a 
range of emotions. For some people, spotting a wild deer 
moving through the shadows brings a thrill. On the other 
hand, some urban dwellers despise deer that eat treasured 
plants; deer populations have exploded due in large part 
to the absence of both natural predators and hunting in 
developed areas. Regardless of one’s attitude, a fight 
between two rutting bucks sparring to determine who will 
prevail and beget the next generation, is one of nature’s 
spectacles to behold.

The United States is home to two native deer species 
-white-tailed deer and mule deer- each with many 
subspecies. White-tailed deer inhabit the entire lower-48 
states, with the exception of California26 and some 
areas in the Southwest. Their range even extends 
into Central America and South America.27 Mule deer 
(including the sub-species Black-tailed deer) range from 
the western Great Plains to the Pacific Coast and from 
Canada to Mexico.28   

One might be skeptical that deer could be in peril from 
anything, given their widespread distributions, established 
populations, and diversity of habitats, including wetlands, 
forests, grasslands, shrub-steppe and developed areas. 
However, these traits don’t provide immunity from climate 
change; even many common species are expected to lose 
significant suitable habitat.29   

White-tailed Deer

The United States population of white-tailed deer is 
thought to have numbered 24 to 34 million in the year 
1500. By the year 1900, however, the population across 
North America declined to a paltry 300,000 to 500,000.30  
Habitat loss and market hunting were primary factors 
driving the steep decline. White-tailed deer were 
extirpated from many areas and were a rare sight where 
they could still be found. Astonishingly, the nationwide 
white-tailed deer population rebounded, increasing 30 
to 50 fold to about 15 million in 2000.31,32 The dramatic 
increase in white-tailed deer populations is exemplified 
by the fact that, in recent years, Wisconsin’s annual 
harvest approximated the nation’s entire white-tailed deer 
population of just a century ago.33    

Recovery of white-tailed deer was neither inevitable, nor 
without a lot of effort. It came during a time when the 
science of wildlife management was being developed in 
the early and mid-20th century. Funds from the Pittman-
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Dead and dying white-tailed deer caused by HD.  
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John King, Ph.D.
Professor, Department of Forestry and Environmental Resources, North Carolina State University

Whitetails have a very broad distribution. However, disease, human impacts and the changing climate all 
have potential to affect wildlife resources. Where I hunt in North Carolina, we have populations of feral dogs 
that don’t appear to suffer much winter mortality due to the increasingly mild climate. Without cold winters 
to control them, feral dog populations can limit deer populations, making them more difficult to hunt. Human 
development also poses a major threat to habitat and limits public access. To preserve the quality of deer 
resources in the South, we really need to identify and manage all of these interacting impacts, including 
climate change. Otherwise, the future quality of our natural resources remains uncertain.

White-tailed Deer Feeling the Heat

Hunters Tyler French and Dave Buchner. Tina Shaw/USFWS.
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Mule and black-tailed deer may have historically numbered 
as many as 10 million and 3 million, respectively. But, 
due primarily to loss of habitat and hunting for food, they 
were difficult to find by the 1900s. Mule deer began to 
recover by the 1920s, especially in the Southwest, due to 
improving habitat conditions. By the early 1960s, when 
annual harvest reached about 1 million, there may have 
been more than 7 million mule deer. They again trended 
downward to fewer than 6 million by the 1980s.73 Major 
droughts, projected to be more severe in the future,74 have 
contributed to declines of mule deer. Moreover, loss of 
mule deer habitat to oil and gas development is now a 
major concern in some areas,75 especially because of its 
recent rapid advance on western public lands76 and plans 
to further expand drilling.77   

Some of the long-term decline in mule deer is due to 
severe drought.78 On the Colorado Plateau, two decades of 
severe drought transformed the composition and structure 
of the plant community, which in-turn was detrimental to 
mule deer.79 And, western Colorado’s Logan Mountain 
mule deer population has been in decline, with long-term 
drought probably the major factor. But other important 
factors include natural gas and other development, 
leading to habitat loss and habitat fragmentation.80 This 
combination of factors has devastated the Logan Mountain 
population, reducing the population from about 15,000 
mule deer in the 1980s, to 6,000 in the mid-1990s. The 
population has not recovered.81   

In Wyoming, extreme drought also has impacted mule 
deer. Like many other areas in the West, extensive habitat 
fragmentation from various types of development, as well 
as competition with elk, have been significant factors. 
From 2002 through 2012 mule deer have been averaging 
15 percent below population objectives. Despite some 
improvement in moisture, the mule deer population has 
recently declined about 25 percent, likely due in part to the 
lag in habitat conditions improving after severe long-term 
drought stress.82  

In Colorado’s Logan Mountain management area, the 
antlered harvest dropped by more than two-thirds, from 
an average of about 1,400 in the mid-1980s to about 400 
by year 2000, and has yet to recover. No antlerless harvest 
has been allowed from 1999 through at least 2010.83 
In Wyoming, mule deer harvest has declined in recent 
years by about 25 percent. The Wyoming Game and Fish 
Department has kept harvest levels down to account for 
severe drought and other factors.84    

Due to the multiple stressors of oil and gas development, 
coal mining, impacts on migratory corridors, severe and 
prolonged drought and other factors, mule deer habitat and 
populations are under stress in many areas of the West.  
Failure to address these stressors will increasingly affect 
hunting and viewing opportunities for mule deer.

During the drought and heat waves of 2012, an outbreak 
of HD occurred in at least 15 states,50 including Kansas,51 
Ohio,52 South Dakota, Montana, Illinois,53 Iowa,54 North 
Carolina, Virginia, Missouri, Wyoming,55 Nebraska,56 and 
Michigan.57 For example, Nebraska was hit hard by HD, 
with nearly 6,000 known mortalities;58 the total number was 
certainly far higher considering that many killed deer are 
never found. The combination of the Nebraska Game and 
Parks Commission reducing antlerless permits and hunters 
reluctant to hunt, resulted in about 18,000 fewer deer 
permits sold. Because most deer permits sell for $30,59 loss 
in agency revenue would be more than $500,000. White-
tailed deer harvest dropped by about 25,000 compared to 
previous years. The commission expects it will take four to 
five years for populations to recover.60   

Missouri reported more than 10,000 suspected HD cases 
in 2012’s drought; that does not include undiscovered 
mortalities due to rapid decomposition.61 In Michigan, there 
were nearly 15,000 deer reported dead in 2012. Due to 
these record losses, director of the Michigan Department 
of Natural Resources signed an emergency order to reduce 
the number of allowed licenses to hunt antlerless deer.62   

In 2011 Melissa Clark, a wildlife biologist with Wisconsin’s 
Department of Natural Resources, prophetically stated: 
“As climate change occurs, the midge is capable of 
translocation and adaptation to new geographic areas. 
More frequent outbreaks of HD may occur in Wisconsin as 
a consequence of climate changes that favor the northward 
spread of the biting flies that spread the disease.”63 Just 
a year later, when the severe drought and extreme heat of 
2012 plagued much of the country, Wisconsin experienced 
its second known outbreak ever. The first was in 2002.64 

There is no effective treatment for HD.65,66 Researchers 
are concerned that climate change could have serious 
impacts on wildlife due to extreme weather and changes 
in the dynamics of transmission of HD and other wildlife 
diseases.67 Because insect-killing frost in the fall typically 
ends an HD outbreak,68 longer summers are likely to 
expose white-tailed deer to disease-carrying midges for 
longer periods of time.

Mule and Black-tailed Deer 

Although scientifically considered one species,69 the mule 
deer has a black-tipped tail and the black-tailed deer is 
appropriately named. Mule deer have large ears, hence 
their common name, and live throughout the western 
states. The black-tailed deer occupies habitats along the 
Pacific coast from Alaska through California.70 Mule and 
black-tailed deer on the move are easily distinguished from 
white-tailed deer. Their stott gait, bounding with all four 
legs on the ground at once,71,72 looks odd but is graceful 
in its own way. They are quite adept at moving quickly to 
escape predators.  
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Dennis Buechler 
Director Emeritus, Colorado Wildlife Federation

I have been hunting mule deer ever since I have lived in Colorado (since 1989-24 years). Several years I did 
not get one. For example, sometimes I had a buck license but only saw does or perhaps the animals were too 
far away for me to be assured of a good shot. I hate to wound and lose any animal, whether it be big game, 
pheasants, or ducks. Success for me is not determined solely by whether I took something home for the 
table, but rather also how much I enjoyed being out in nature and observing all the wildlife and plants.

In Colorado we’ve been dealing with a lot of drought, which exacerbated the devastation thousands of 
pine trees by bark beetles. Drought and wildfires have so damaged the undergrowth in many areas that the 
vegetation is not growing back, and erosion is a major problem. Right now the biggest impacts to wildlife that 
we’re seeing are to fisheries, but we are only just beginning to realize the destruction climate change can 
wreck on sensitive wildlife and habitat.

Mule Deer and Drought
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A more insidious climate impact on moose is the greater 
survival of winter ticks facilitated by warmer and shorter 
winters. In Minnesota, some moose have been found 
burdened by 50,000 to 70,000 winter ticks—ten to 
twenty times more than normal.96 (The winter tick species 
isn’t known to parasitize humans or infect them with 
disease,97 unlike the deer tick and blacklegged tick 
which can transmit Lyme disease to humans.98) Heavy 
winter tick infestations leave moose weakened from 
blood loss, in poor health, and with greater vulnerability 
to disease. Winter ticks can cause significant increases in 
moose mortality.99  

Another disturbing aspect of heavy winter tick infestations 
is the effort of moose to rid themselves of the winter ticks 
by rubbing against trees. This causes their hair to break off 
at the base, which is white. These resulting “ghost” moose 
are then without insulating hair, leaving them vulnerable to 
cold exposure and death.100  

      t is hard for anyone not to be both wary and thrilled 
      to see a 1,300-pound bull moose,85 with magnificent 
palmate antlers spreading up to six and a half feet wide.86 
In the United States, sightings are most common in Alaska, 
where bull moose reach their largest size. Standing up to 
six feet87 tall at the shoulder, equipped with long gangly 
legs, humped shoulders and a “bell” of skin hanging 
from their throat, they are rather odd looking and 
unmistakably different from other big game wildlife. In the 
lower-48, moose populations are found in northern New 
England, Minnesota and the Rocky Mountain states, from 
Colorado northward. 

Moose are superbly adapted for deep snow and cold 
climates, enduring extremely cold winter weather88 in their 
northern habitats. Their thick winter coats, with guard 
hair up to 10 inches long and an undercoat of fine hair,89 
keep them warm. Their adaptation to cold weather is also 
a liability. When winter temperatures rise above freezing, 
they become heat-stressed. In the summer, when their 
coats are thinner, they become heat-stressed when 
temperatures rise above 60 to 70 degrees Fahrenheit.90  
Moose are absent from areas with extended periods above 
82 degrees Fahrenheit and little shade or water access.91  
Not surprisingly, as the climate has warmed, moose are 
already feeling the heat in southern portions of their range, 
reducing viewing and hunting opportunities. 

Minnesota’s northwest moose population, one of only 
two populations in the state, was essentially gone by 
2008, numbering fewer than 100 animals, down from a 
population of about 4,000 just 25 years earlier.92 In the four 
decades during which the population plummeted, summer 
temperatures increased 3 to 4 degrees Fahrenheit, and this 
is considered an important factor in the herd’s decline.93  
Harvest of Minnesota’s northwest herd was permanently 
closed in 1997,94 although hunting was not considered to 
be an important factor in the population’s decline.95  

I
Moose 

“Moose are facing a triple threat in our changing climate. Increasing 
temperatures, changing forest species, and increased mortality due to 
parasites may make it very hard to maintain a viable moose population in 
New Hampshire in the future.” 106  

- Kristine Rines, Distinguished Moose Biologist,107 and New Hampshire Fish and Game 

Department Moose Project Leader  
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moose population has declined by 3,100 moose, 
which is more than 40 percent, since 1997. The New 
Hampshire Fish and Game Department has reduced the 
number of moose hunting permits by 60 percent in the 
last five years.104, 105

Moose in some areas of the West are also challenged by 
climate change. Wyoming’s moose herd is currently at 
just over 50 percent of desired management objectives. 
A decade of drought fueled by rising temperatures 
and declining rainfall associated with climate change 
appear to be reducing the quality of moose habitat.108  
Indeed, western states have experienced extensive 
climate-induced aspen die-off driven by higher summer 
temperatures causing drought.109 Aspen is a preferred 
forage species for moose and it has declined by about 50 
percent in Wyoming.110

As populations drop in the warmer southern portions of 
the moose’s range and the climate continues to warm, the 
future of moose hunting in these areas appears bleak. All 
moose hunting in Minnesota has been closed,111, 112 and the 
likelihood of future moose hunting in Minnesota is highly 
doubtful. Over the past decade, Wyoming’s moose harvest 
and moose hunter expenditures, a boost to outfitters and 
local economies, have declined about 60 percent.113  Since 
2007, New Hampshire’s moose harvest has also declined 
by 60 percent.114

  

The future of moose, moose watching, and moose hunting 
in Minnesota appears grim. With Minnesota’s northwest 
herd virtually gone,101 Minnesota’s only remaining viable 
moose population inhabits the northeastern part of the 
state and is now itself in precipitous decline. From an 
estimated population of about 8,000 moose in 2004 
through 2009, the population plummeted to only about 
3,000 animals by 2013.102 Now under intense investigation, 
the stress of warming temperatures associated with 
climate change is very likely increasing the vulnerability of 
moose to disease and other natural factors. 

Moose hunting ceased altogether in Minnesota when 
the state’s Department of Natural Resources announced 
a closure of the 2013 hunting season for the northeast 
population. “The state’s moose population has been 
in decline for years but never at the precipitous rate 
documented this winter,” said Tom Landwehr, DNR 
commissioner.103 

New Hampshire’s moose are also being harmed by surging 
winter tick populations, associated with warmer winters. In 
2002 winter ticks were blamed for a large number of moose 
deaths. Heat also affects moose directly, as summer heat 
stress leads to dropping weights, a fall in pregnancy rates, 
and increased vulnerability to predators and disease. 
When it gets too warm, moose typically seek shelter rather 
than forage for the nutritious foods needed to keep them 
healthy. Due primarily to these factors, New Hampshire’s 
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Bill Rudd, Assistant Wildlife Division Chief at Wyoming Game and Fish (Retired)

I fish, I hunt. I don’t “live or die” for hunting, but I do enjoy hunting birds and big game like elk, pronghorn, and 
moose. Recently we’ve seen drier, hotter conditions producing less-quality forage, and forage that is drying 
out quicker than it used to. In some areas, we had millions of acres of forest that just a few years ago were 
healthy and green. Now we have lost these forests as pine beetles live longer and thrive in this new climate. 
Since I’ve been in Wyoming I’ve noticed a lot fewer of the wetter microhabitats that big game enjoy. Some 
have just dried up completely. One fall it was so much warmer than normal that moose were very hard to hunt 
as they stayed in the timber to stay cool. It was very tough to even find them. All these impacts are sort of 
subtle but lower survival of young has lead to more restrictive seasons and smaller bag limits, and so on. All 
these point to climate change as the main cause.

What’s Happening to the Moose?

Shawn Perich, Field Editor, Outdoor News 

If you came to visit me 10 years ago, we could just drive around and have good odds of seeing a moose. 
Now I see maybe 2-3 moose all year. Minnesota moose hunting, which was closed indefinitely in 2013, was a 
very high-quality hunt. I was lucky to participate in two hunts, once in 1989 and again in 2000. Northeastern 
Minnesota’s moose population is in steep decline. I believe the increasing white-tailed deer population within 
the moose range is partially to blame. Whitetails transmit a fatal brain worm to moose, which can really 
decimate their population. In the past, occasional harsh winters kept the deer population in check. Now the 
deer are thriving, thanks to milder winters. Unless we address climate change now, the future prognosis for 
Minnesota’s moose population is grim.

Moose are Disappearing
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two largest eastern herds are in western Pennsylvania131  
and eastern portions of Michigan’s lower-peninsula.132  
Although the eastern herds are only a fragment of their pre-
settlement populations, some currently support hunting. 

Elk populations are not without continuing challenges, such 
as extensive development of public lands for oil and gas 
production, as well as mining. Residential development is 
having a significant effect near urban areas. Development 
fragments habitats and encroaches on migratory corridors. 
Competition with livestock is yet another factor. 

It is clear that elk and their habitats will not escape climate 
change, although there may be both some positive and 
negative impacts. For example, due to drought western 
states have experienced extensive die-off of aspen forests, 
a favored habitat for elk.133, 134 On the other hand, some 
think that elk populations could double135 due to longer 
periods of mild winter weather and increasing availability 
and quality of forage if precipitation increases.136 This may 
be one factor in Wyoming’s elk population increase of 
about 10 percent in the past decade.137 

Some elk herds are resident, while others make annual 
migrations. The longest elk migration in the continental 
United States is up to 130 miles in the Greater Yellowstone 
Ecosystem, which affords elk access to luscious mountain 
habitats in the summer and low-altitude wintering areas 
with less snow.138 However, increasingly elk herds are 
becoming non-migratory; climate change, among other 
factors, may be one reason for this.139 The resulting 
increasing densities of resident elk populations have the 
potential for increased transmission of disease, while 
migratory populations are less susceptible.140  

It seems possible that climate change could benefit elk 
populations, at least for the near future. Nonetheless, we 
should be prepared for surprises that will require close 
monitoring of the status of elk and elk habitat. Hopefully, 
Rocky Mountain National Park, the Greater Yellowstone 
Ecosystem and other areas will continue to sustain elk 
that are popular for viewing. And even with climate change 
affecting the distribution of elk, they are likely to sustain the 
hunting opportunities we have now, unless other factors 
such as oil and gas development and habitat fragmentation 
have major impacts. 

           he sound of a bugling bull elk, as amazing, 
           loud and piercing as it is, could never be described 
as pleasantly melodious to most anything other than an 
elk cow. When in rut, the bull’s habit of urinating on itself 
to make it more attractive to cow elk doesn’t seem like 
a good strategy for mating. Notwithstanding our own 
perception of these characteristics, elk are large beautiful 
animals popular with hunters and wildlife viewers. They 
were native to portions of all states except Florida, Rhode 
Island, New Hampshire and Maine.115  

Once abundant and widespread, in an all too familiar 
story for big game wildlife, the original elk population of 
an estimated 10 million declined precipitously to about 
50,000 or fewer by the early 20th century.116 The fall bugling 
of elk in the eastern states was silenced altogether by the 
early 1800s.117

 
As a result of recovery efforts led by sportsmen, the 
species now numbers about 1 million.118  The vast majority 
of elk are in western North America. They are most 
common in mountainous areas, although there are also 
desert elk, the largest herd of which is in the Red Desert 
of southern Wyoming.119 One surviving sub-species, the 
largest of all elk,120 is the magnificent Roosevelt elk, which 
inhabits coastal western areas of northern California, 
Oregon, Washington and small portions of Alaska. In 
California, the smallest of the elk sub-species, the Tule elk, 
can be found in grassland/oak woodlands of the Coast 
Range and in Owens Valley.

Thanks to successful reintroductions, the bugling of elk 
can once again be heard through much of the country, 
including Arkansas,121 Kentucky,122 Michigan,123 Minnesota,124  
Missouri,125 North Carolina,126 Pennsylvania,127 Tennessee,128  
Wisconsin,129 and Virginia (from the Kentucky herd).130 The 
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Pronghorn inhabit open grasslands, shrublands and 
deserts as long as there is sufficient water and forage. 
Their most common shrub habitat is sagebrush,156 which 
may comprise nearly 80 percent of their diet in some 
areas.157 A well-known factor affecting pronghorn is 
drought, which can have catastrophic effects on other 
important pronghorn foods such as mesquite, palo verde 
and ironwood. Without adequate forage, pronghorn fawns 
are born underweight158 and have lower survival rates.159  
Severe drought, which devastated vegetation, wiped out 80 
percent of the endangered Sonoran pronghorn population 
in the Southwest in 2002.160  

One threat the pronghorn may not be able to outrun is 
climate change. It is projected to fundamentally alter 
grasslands and shrublands across the western United 
States in the coming decades. A combination of impacts 
is expected to affect these systems, including warmer 
and drier conditions, altered fire regimes, and invasive 
species161 causing conversion of habitats into vegetation 
consisting primarily of invasive, non-native plants.162 These 
changes amount to what could be a “perfect storm” for 
sagebrush and grassland ecosystems. In some regions, 
vast areas of sagebrush habitat could be reduced to 
a fraction of their current size under changing climate 
conditions.163 For example, in the Great Basin up to 80 
percent of sagebrush ecosystems could be replaced by 
trees and invasive species such as cheatgrass.164 There 
has already been a considerable expansion of pinyon/
juniper woodland and ponderosa pine in the Great Basin 
and other parts of the West, due to fire suppression and 
grazing practices.165 This reduces and fragments habitat for 
pronghorn and other sagebrush-dependent species. 

Some pronghorn are highly migratory, moving across long 
distances in search of favorable habitat and food sources, 
which can vary from one season to the next.166 One herd 
in Wyoming annually migrates 240 miles round-trip 
through increasingly fragmented habitats. For the 
pronghorn, enhancing connectivity and establishing 
wildlife corridors in areas of climatically-suitable habitat,167 
as well as minimizing other factors such as habitat 
destruction from oil and gas development, are likely to 
be important strategies to help them cope with changing 
climate conditions. 

           ronghorn, although technically in a distinct 
           taxonomic group from the antelope of Africa, are 
sometimes referred to as pronghorn antelope or simply 
antelope. They tend to roam the landscape in herds, and 
can be sighted from long distances across wide-open 
areas in many western states. Reaching top speeds of as 
much as 50 miles per hour,141 pronghorn are truly built for 
speed and endurance, enabling them to leave race horses, 
including any Triple Crown winner, far behind. 

Native only to central and western North America, 
pronghorn populations may have numbered as high as 
40 million, making them as common as bison. But, by 
the 1920s the entire population had crashed to a dismal 
25,000 pronghorn, or even fewer,142, 143 less than 1/1000th 
of what it had been just a few hundred years before.144 
Like the decline of so many other big game species across 
the continent, it suffered from massive habitat loss due 
primarily to conversion of the prairies for agriculture, 
competition with domestic livestock in grazing lands and 
unregulated hunting.145 Ranchers feared transmission of 
disease to cattle and competition for forage, leading to 
extensive fencing as the West was settled. Pronghorn 
have difficulty negotiating fences,146 which inhibited 
migration to key winter ranges, which also caused decline. 
The infamous Dust Bowl of the 1930s was yet another 
blow to pronghorn.147  

It was the Pittman-Robertson Act, paid for by hunters via 
dedicated excise taxes on guns and ammunition, that 
facilitated pronghorn recovery. Research dispelled the fear 
of disease transmission to livestock, and many areas from 
which pronghorn had long been absent were restocked 
through translocation programs.148 By 1984 the population 
exceeded 1 million but by 2000 it declined to about 
800,000.149 Two subspecies, the Sonoran and Peninsular 
pronghorn, were classified as endangered species in 
1967150 and 1975,151 respectively. 

Wyoming harbors nearly 500,000 pronghorn,152 which 
is about a third of the total pronghorn population. 
Nonetheless, in 2012 many areas in Wyoming were 
stricken by severe drought, necessitating a drop in permits 
issued.153 Other states with significant populations include 
Montana, New Mexico, Texas, Idaho, Oregon, South 
Dakota, Nevada, Colorado and Arizona.154 Pronghorn 
are also found in North Dakota, Nebraska, California, 
Kansas, Utah, Oklahoma and Idaho. In 2011 they were 
reintroduced on the Yakama Indian Reservation in the state 
of Washington.155
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Vic Schendel, Vic Schendel Photography

As a photographer, I am on the wildlife’s clock to do my work. For 300 days out of the year, I follow elk, mule 
deer, white-tailed deer, moose and bighorn sheep. One drastic change I’ve noticed is in the timing of the ruts. 
Over the last four or five years, elk and deer started mating about two weeks later than usual. The mountains 
are simply staying warmer for longer, putting the breeding season later into the winter. Milder winters are also 
allowing pine beetles to thrive and kill off larger areas of pine forest. When I take these photos, no one wants 
to see these dead stands, so that’s a challenge. Not to mention the floods that have severely limited public 
access to some of these areas. I know the wildlife as good as anyone. You don’t need scientific surveys to see 
these changes. It’s really not subtle anymore.

Big Game Through the Camera Lens
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North America’s bighorn sheep population numbered an 
estimated 2 million centuries ago,170 but by the middle of the 
20th century, their numbers had crashed to an estimated 
15-17,000 in the western United States.171 This was due 
to a combination of unregulated hunting, competition for 
forage and water with domestic and escaped livestock, 
and especially pneumonia and other diseases (e.g. mange 
and scabies) transmitted from domestic sheep and goats. 
An estimated 110 separate bighorn sheep populations 
were lost in California and Nevada by the 1980s.172 In 1998 
the Peninsular bighorn sheep was listed as endangered,173 
followed just a year later by endangered status for Sierra 
Nevada bighorn sheep.174  

Making a comeback has been a long and difficult 
process. In 1939, the Arizona Boy Scouts collaborated 
with Izaak Walton League, National Audubon Society and 

      t takes a keen eye to spot bighorn sheep in their native
      habitat. “Glassing” a mountainside for rock-climbing 
bighorn sheep takes both patience and persistence. 
Whether in the Sierra Nevada or Rocky Mountains, where 
two subspecies occupy rugged, high-elevation terrain, 
or in the hot desert systems of the Southwest which is 
home to desert bighorn, they fit seamlessly into their 
surroundings,168 making them very difficult to spot. 

Avid hunter Robert Hanneman, in a rather odd choice of 
words, says that the key to successfully hunting bighorn 
sheep is to be in “sheep shape.” This is because success 
means packing a nearly 200 pound ram out of rugged 
terrain,169 whether hot dry desert or steep mountain slopes. 
However, whether one is hunting, viewing, or taking 
pictures, seeing a ram with 40-inch horns and 15-inch 
bases is well worth the effort. 

I
Bighorn Sheep  

O
re

go
n 

D
ep

ar
tm

en
t 

of
 F

is
h 

&
 W

ild
lif

e



17Nowhere to Run: Big Game Wildlife in a Warming World

of time in which this new growth is available (the period of 
“green-up”) is also expected to shorten, in some areas.185  
As green-up becomes shorter, there could be a significant 
adverse impact on survival of young. Furthermore, the 
timing of peak green-up could shift from the usual timing 
of bighorn reproductive cycles and lambing dates, which 
could also affect the survival of young bighorns.186  

Climate change has already been a factor in the decline of 
desert bighorn sheep in the Southwest in the 20th century, 
although interaction with domestic sheep and goats 
was the most important factor. An average temperature 
increase of nearly 2 degrees Fahrenheit in the region and a 
20 percent decrease in precipitation has reduced available 
forage, particularly in the lower, drier mountain ranges. 
During this time period 30 of the 80 known populations 
of desert bighorn sheep in the region died out.187 It seems 
likely that more populations will disappear given the 
projections of rising temperatures and lower precipitation. 
Re-introduction of bighorn sheep into areas of native 
habitat has long been, and will continue to be,188 an 
important conservation strategy.189 However, with 
climate change, managers will need to evaluate potential 
areas for climatic suitability over the long-term to 
increase the likelihood that relocation efforts will be 
successful. Drier, lower elevations are likely less suitable 
than higher, wetter areas. 

Another consideration for bighorns is the decrease in 
conifers throughout much of the western United 
States and Canada due to unprecedented bark beetle 
infestations facilitated by warming winters.190, 191 Because 
bighorn sheep do best in open, high-visibility habitats,192 
dramatic decline in tree cover might be a two-edged 
sword. It could lead to more genetic interchange via 
pioneering movements by bighorns, but also increasing 
risk of contact and disease transmission from domestic 
sheep and/or goats.193 

National Wildlife Federation to prevent desert bighorn 
sheep in Arizona from disappearing altogether. They 
were successful in protecting habitat and saving this 
population.175 The Wild Sheep Foundation, federal and 
state government agencies, and others continue to work to 
rebuild bighorn sheep populations. 

Over the past approximately nine decades more than 
20,000 bighorns have been moved in over 1,400 discrete 
transplant actions in the western United States and 
Canada.176 Today, bighorn sheep exist in 15 western 
states (Arizona, California, Colorado, Idaho, Montana, 
Nevada, Nebraska, New Mexico, North Dakota, Oregon, 
South Dakota, Texas, Utah, Washington and Wyoming), 2 
Canadian provinces, and 5 states in Mexico.177, 178 In 2012 
Nevada’s bighorn sheep numbers exceeded 10,000 due 
to long-term recovery efforts.179 The 2012 population of 
bighorn sheep in the lower-48 states was about 58,000.180  
Although the bighorn sheep population has nearly 
quadrupled from its lowest levels in the mid-1900s,181 it 
remains far below historic levels.

Bighorn sheep now face the additional challenge of climate 
change. Winter snowpack in the Rocky Mountains and 
Sierra Nevada is critical for maintaining important food 
and water sources for bighorn sheep throughout the year. 
Across the western United States snowpack accounts 
for as much as 80 percent of the water supply for people 
and wildlife alike.182 Climate change is expected to cause 
a considerable reduction in average snowpack across the 
region, as well as earlier and more-rapid spring snowmelt 
in many locations.183  

In addition to reducing water availability in summer, 
another concern about climate change is the earlier onset 
of spring vegetation. Because the early stages of plant 
growth provide higher quality forage, this change might 
seem favorable for bighorn sheep.184 However, the length 
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Acorns, pine nuts, ash seeds and mountain ash fruits are 
especially important for fattening up to survive the long 
winter in their dens and bear their young.199 Fall is a critical 
time for bears to put on a heavy layer of fat to survive their 
winter hibernation. If sows (females) are in poor condition, 
they are less successful at reproducing.200 

When conditions are unfavorable, bears become 
desperate to find the food they need to be healthy. They 
are vulnerable to severe drought, which is expected to 
increase with climate change.201 In 2012 from Kentucky202 to 
Colorado and California203 and other areas, bears were on 
the move far more than normal, as severe drought reduced 
available food resources. Desperately searching for food, 
bears wandered into towns, where sightings escalated. 
One bear stepped up to the counter at a candy store;204  
another cleaned out a pantry;205 one crashed a local bar;206  
and others helped themselves to farmers’ crops.207 When 
temperatures exceeded 100 degrees Fahrenheit, two bear 
cubs seeking a respite from the hot weather cooled down 
in a swimming pool in Pasadena, California.208 In Aspen, 
Colorado, police were inundated in August, 2012 with 292 
calls about black bears, compared to 38 the year before 
when conditions were better.209 When habitat conditions 
improved again in the summer of 2013, the number of 
calls about black bears dropped to a small fraction of the 
number in 2012.210  

The movements of hungry bears into developed areas are a 
risk for humans and bears. Ensuring human safety in these 
situations is often bad news for bears. Offenders may 
have to be destroyed. Human/bear conflicts are a growing 
concern, not only in the summer, but also in winter when 
bears are normally hibernating. Warmer fall and winter 
temperatures are resulting in bears being more active 
than usual during these periods. In the last two decades 
of the 20th century there were very few complaints 
about bears during the winter in New Hampshire. Now 
bear complaints can happen most any time of the year. 
Especially, when the boars (males) start to look for food 
in the middle of an unusually mild winter. Bird feeders are 
being raided even in December and January, when bears 
should be hibernating.211 

The black bear’s diversity of habitats, wide range 
across North America, and diverse diet should provide 
them with some buffer against climate change. However, 
black bears will not be completely immune due to the 
potential increase in human--bear conflicts from warm 
winters, and more frequent and intense severe weather 
affecting food availability.  

               ost people have never felt the exhilaration of 
               spotting a black bear in the wild. They are 
fascinating animals to watch as they forage on grasses, 
berries and seeds, and dig for bulbs and roots. In most of 
its range, it takes a lot of time outdoors to see a black bear 
in its natural habitat.

Historically ranging throughout most of North America 
with the exception of the Great Plains,194 black bears were 
maligned and persecuted with a shoot-on-sight mentality 
driven by bounties. Various bounties existed from at least 
the 1660s and as late as the 1950s, a period of nearly 300 
years. From 1946 through 1957, bounties were paid on 
more than 10,000 bears in Maine.195 Changing attitudes 
have facilitated recovery of bear populations, although 
the Louisiana subspecies, residing in portions of Texas, 
Louisiana and Alabama, was listed as a threatened species 
in 1992.196 The Pittman-Robertson Act provided the 
revenue essential for research on the ecology of bears, as 
well as for acquisition of lands for conservation of black 
bears and other wildlife.197  

Bears are omnivores, consuming both plants and animals, 
but plants provide the majority of their diet and nutrition. 
In the spring and summer, emerging plants and berries are 
favored food sources. Grubs are also much sought after.198  
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Benjamin Kilham, Author: Out on a Limb: What Black Bears Have Taught Me About Intelligence and Intuition

The primary effects on black bears are caused by radical weather patterns. Year 2011 was a very good year 
for bears due to abundant beechnuts, apples and berries. But, in 2012 we had two weeks of unseasonably 
warm weather in March with temps in the 70’s and 80’s, which disrupted the apple and berry crops and 
caused a lot of hungry mothers looking for food for their cubs. We took in 30 orphaned bear cubs, with 
the normal being 3-4. Half of the cubs we took in were orphaned when their mothers were shot at chicken 
coops or bee hives. This was easily preventable as bears can be kept out with simple electric fences baited 
with smell; food grease or peanut works well. Climate change will lead to more droughts and other weather 
patterns that can affect the bear’s natural food supply and lead to an increase in bear human conflict in which 
the bears usually suffer.

Black Bear Orphan Cubs on the Rise
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Herd supports people in 40 northwestern villages217 while 
the inland Nunamiut Eskimos rely on the Central Arctic 
Herd as their single most important food source, as well as 
much more.218 Antlers are made into sled parts, fishing jigs, 
bows, and kayak ribs; skins become clothing, tents, and 
blankets; bones are crafted into tools and artwork.219 The 
Porcupine Caribou Herd supports the Gwich’in Indians in 
15 villages in Alaska and northwest Canada. So closely tied 
are the Gwich’in people to caribou, it is not a surprise that 
Gwich’in means “people of the caribou.”220 

The Arctic region is the fastest-warming place on Earth, 
with average temperatures having risen 2-3 times faster 
than the global average over the last 150 years.221 As 
a result, the area of summer Arctic sea ice has rapidly 
decreased222 and reached an all-time low in the summer 

          o the surprise of many, woodland caribou were
          found as far south as portions of northern New 
England, New York, the Upper Great Lakes states, 
Montana, Idaho, and Washington until settlement in 
North America by Europeans.212 By 1980, only a few 
dozen animals remained in the Selkirk Mountains of 
Idaho and Washington,213 and they were listed as 
endangered in 1983.214 In Maine, where the town of 
Caribou was named for the once common species, a 
reintroduction effort failed in 1990.215 

About 750,000 caribou make up Alaska’s 32 separate 
caribou herds or populations, distributed throughout most 
of the state. The Western Arctic Herd, Porcupine Caribou 
Herd and Central Arctic Herd number about 325,000, 
169,000 and 67,000, respectively.216 The Western Arctic 
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of 2012.223 On land, the milder winters are contributing 
to periods of icing due to thaw-freeze and rain-on-snow 
events.224 Ecological systems across the region have 
been dramatically altered. The ranges of many plants and 
animals are moving northward and to higher elevations. 
The timing of important life cycle events such as breeding 
and annual migrations is shifting, and plant emergence is 
becoming earlier.225, 226 

Of particular concern is the fact that plant and animal 
species respond to changing climate conditions in diverse 
ways and at different rates, which could lead to so-called 
ecological “mismatches.” In this case, the timing of caribou 
calving has historically been timed to coincide with the 
onset of the plant growing season to provide nursing cows 
with sufficient nutrition to support themselves and their 
calves, and to provide weaning calves with high quality 
forage. But while plant emergence is occurring earlier in 
the spring as temperatures in the Arctic have warmed, 
the timing of caribou calving has not. The result has been 
a considerable reduction in production and survival of 
caribou calves,227 a likely factor in the major decline of 
caribou throughout the Arctic.228  

Another threat for caribou is the possibility of reduced 
access to forage during winter due to climate change 
increasing icing events. Caribou survive the long Arctic 
winter by digging into snow to feed on lichens, a key 
component of their over-wintering diet. When snow 
becomes covered with an icy crust, it is much more 
difficult for the animals to reach food.229 In the past, such 
events have been associated with range displacement and 
catastrophic declines in populations of caribou and other 
Arctic wildlife.230, 231, 232 

Is there an upside? Perhaps. An increase in summer 
temperatures has contributed to an expansion of shrubs 
and other vegetation into areas of previously open tundra, 
increasing the amount of green forage available for females 
nursing their calves, which increases their survival. This 
has been favorable for herds in northwestern Alaska, 
which have seen an increase in populations over the past 
several decades.233 On the other hand, rising temperatures 
coincide with an increase in wildfires,234 which can destroy 
vast areas of habitat in a short amount of time. Wildfires 
destroy slow-growing lichens, and it can take decades for 
the habitat to recover to pre-fire conditions. Wildfires in the 
northern tundra are projected to become more frequent as 
climate change continues to unfold.235 

The dramatic climate changes occurring in the Arctic will 
continue and certainly affect caribou in various ways. 
Human communities dependent on caribou may need to 
consider greater flexibility in seasonal hunting patterns and 
practices,236 as well as adjustments to allowable take. 

A Hunting Tradition
Hopefully, an interesting and clever tradition will 

be able to continue. In the book Kuuvanmiut 

Subsistence: Traditional Eskimo Life in the 

Latter Twentieth Century,237 the authors de-

scribe how hunters approach a herd of caribou 

without the benefit of cover: “In this case he 

can take advantage of their response to certain 

kinds of silhouettes. A low, stalking profile would 

resemble a wolf or other predator, but the outline 

of another caribou grazing peacefully causes no 

alarm. The hunter may extend his arms or two 

sticks above his head to resemble antlers and 

then copy a caribou’s leisurely, zigzag grazing 

route as he approaches the herd.”238 
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•  Use and protect the proven, existing laws to
tackle carbon pollution. The Clean Air Act was put in 
place to protect people and wildlife from pollution. Under 
this law, the U.S. Environmental Protection Agency (EPA) 
has the authority and obligation to limit carbon pollution 
from the largest sources, most notably coal-fired power 
plants. The president has set a clear path for EPA to issue 
and finalize the first-ever limits on carbon pollution from 
new and existing power plants by 2016. This rulemaking is 
already underway and a key component of a national plan 
to reduce the carbon that drives climate change.

•  Reduce fossil fuel use and reject expansion 
of dirty fuels. Oil, gas, coal, and other fossil fuel 
development degrade and fragment big game habitat, 
exacerbating climate stressors for wildlife. We must move 
towards cleaner, less-polluting forms of energy. This 
must include stopping the expansion of new dirty energy 
reserves—such as the massive coal fields in North America 
and the tar sands oil fields in Canada—that threaten 
important habitat and would lock in carbon pollution for 
decades to come. Reducing fossil fuel use and embracing 
responsible clean energy development are essential for 
protecting people and wildlife from the dangers of climate 
change while spurring economic development. Improved 
energy conservation and efficiency will also reduce fossil 
fuel use.

•  Invest in clean energy development. A serious 
effort to reduce carbon pollution must include investing 
in clean energy options such as geothermal, wind, solar, 
sustainable bioenergy, and efficiency measures that will 
reduce our dependence on carbon-polluting fuels like coal, 
oil, tar sands and natural gas, which are driving climate 
change. It is time for the United States to make smarter 
energy choices that prioritize clean, responsible energy 
instead of the dirty choices of the past. It is essential that 
clean energy sources be developed in an environmentally 
responsible way, to minimize and compensate for potential 
effects on big game, other wildlife and the habitats they 
depend upon.

                e can no longer wait to take action to address 
                the increasing threats to America’s big game 
and other wildlife. Without significant new steps to 
reduce carbon pollution, the world is on track for global 
temperature increases of about 7 degrees Fahrenheit by 
the end of the century,239 which would prove devastating 
to big game wildlife and their habitats. Actions must also 
be taken now to carry out conservation in ways that better 
safeguard big game and their habitats from the impacts of 
climate change. 

Get at the Root of the Problem and 
Tackle Carbon Pollution

The threats to the nation’s treasured big game wildlife will 
increase if carbon pollution continues on the business-as-
usual path. Urgent action is needed to change the course 
we are on. We must move away from the current reliance 
on fossil fuels and invest in clean energy solutions that do 
not pollute. Fortunately, we have the tools and know-how 
to start making this transition today. Priority actions for 
reducing carbon pollution include:

W

Actions to Help Big Game

 “Severe droughts, heat waves and other effects of climate change can devastate wildlife and 
their habitats. Addressing the climate change issue now is critical to ensure that our children 
and grandchildren can enjoy the wildlife resources we have today.”

Bill Geer, Director, Utah Division of Wildlife Resources (retired)
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•  Maintain big game populations at sustainable 
levels. Managers need to reduce big game populations 
that may exceed habitat carrying capacity, and may need 
to adjust desired population targets. Managing populations 
at sustainable levels will help improve the quality of habitat 
and allow important forage plants to better endure drought 
stresses exacerbated by climate change. 

•  Engage the big game hunting community in 
assisting state wildlife agencies’ efforts to address climate 
change impacts on big game wildlife. This could include 
publicly supporting wildlife agency climate-adaptation 
programs, including adjustment in numbers of licenses 
issued, to reduce pressure on declining populations and 
drought-stressed habitats. Other actions could include 
reporting possible climate-related observations such as the 
spread of diseases and habitat-altering invasive species. 

•  Provide sufficient funding for federal and state 
wildlife programs, including the National Fish, Wildlife 
and Plants Climate Adaptation Strategy,240 Climate 
Science Centers,241 Department of the Interior Landscape 
Conservation Cooperatives,242 and State and Tribal Wildlife 
Grants Program,243 critical to managing big game and other 
species in a climate-smart way. 

•  Protect and restore natural carbon sinks. 
In addition to transitioning to clean energy, we must also 
enhance nature’s ability to balance the system. Restoring 
the ability of farms, forests and other natural lands to 
absorb and store carbon not only provides important 
habitat and increased benefits for wildlife, but also helps 
mitigate climate change.

Safeguard Big Game and Their 
Habitats from the Impacts of 
Climate Change

The impacts of climate change are already here, and 
even with aggressive action to reduce carbon pollution 
these changes will pose a serious threat to big game 
and other wildlife. Climate change and related extreme 
weather events increasingly will put our rich conservation 
and hunting legacy at risk, and require that we commit 
to helping big game and other wildlife adapt to and cope 
with these changes as best they can. Climate change will 
challenge wildlife managers to prepare for and manage 
for an uncertain and difficult future. The emerging field of 
climate change adaptation offers guidance on safeguarding 
our wildlife heritage in a climate-altered future, with priority 
actions including:

•  Promote the practice of “climate-smart 
conservation” by explicitly taking climate change into 
account in our wildlife and natural resource management 
efforts. Use science-based approaches to assess the 
climate-related vulnerabilities of big game species, and 
carry out conservation actions designed not only to 
address urgent threats to their survival, but also to reduce 
the effects of longer-term climate changes on these 
animals and on their habitats.

•  Provide the room to roam that big game need to 
survive and to cope with a changing climate. 
Especially important is maintaining or restoring unfettered 
connections between winter and summer range, enhancing 
corridors connecting protected habitats, and encouraging 
wildlife-friendly practices on lands and waters used for 
agriculture, ranching and other human activities. 

•  Protect habitat strongholds for big game 
species. Protecting and expanding core habitat areas 
that harbor, or could harbor, robust and healthy wildlife 
populations will be essential for sustaining big game in an 
increasingly climate-altered future. Especially important 
are areas that, due to size, complexity of the landscape, 
or other factors, may be buffered from the worst effects of 
warming and serve as climate refuges for these big game 
species. Consideration needs to be given to managing 
human access when milder winters increase access to 
important wintering areas, which could impact big game.
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Conclusion
           he knowledge already exists to reduce carbon 
           pollution and safeguard big game and other 
wildlife from climate change. Now is the time for the 
President, Congress and all citizens to take actions to 
address threat of climate change to wildlife. 
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