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The climate crisis is already changing the playing field for birds, other wildlife and their habitats across America. Urgent action is needed
to preserve America’s conservation legacy.
The climate crisis requires that we consciously prepare for and adapt to the current and
future threat climate change poses to America’s treasured birds, other wildlife and their
habitats. We must address the underlying
cause of climate change by reducing our carbon
pollution and quickly transitioning to cleaner,
more secure sources of energy.

Larry Schweiger
President and CEO
National Wildlife Federation
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Executive Summary
Our nation’s birds and other wildlife are currently dealing with a climate crisis that grows worse with each passing year. Climate stressors are expected to cause large contractions in the ranges of even
some of the common and widespread species we enjoy today. Some
bird species will be pushed closer to extinction.
Migratory species, such as most birds, face the unique challenge of
climate change affecting the multiple habitats they require to breed,
migrate and overwinter. Bird ranges are shifting and populations
changing. The timing of migration and breeding are changing, affecting the availability of food needed to raise their young.
The very landscapes birds inhabit and upon which they rely are showing the effects of climate-driven changes. Forests are now encroaching on the formerly treeless Alaskan tundra, and deciduous forests
are moving up mountains, crowding out alpine coniferous habitats.
Millions of acres of pine forests in the West are being decimated by
unprecedented epidemics of pine beetles, and catastrophic wildfires
are reconfiguring habitats throughout the West. Coastal beaches and
marshes are being drowned by rising seas.
The climate crisis must and can be addressed. To reduce the magnitude and threats of climate change, America must be a leader in
taking swift, significant action to reduce carbon pollution. This means
using the Clean Air Act to limit carbon pollution from the largest
sources, including power plants, oil refineries and cars. Moreover, it is
essential to plan energy policies that support a rapid and responsible
transition away from fossil fuels and advance the clean, renewable
energy sources needed to build a clean, healthy energy economy
here at home.
We must also work now to prepare for and address the effects of climate change on all our natural resources and wildlife, including birds.
Because of the warming already underway we will be unable to avoid
many of the impacts of climate change. However, we can reduce and
accommodate some of the effects by modifying our approaches to
wildlife conservation and natural resource management in ways that
take into account the new challenges posed by the changing climate.

Shifting Skies

1

Table of Contents
Executive Summary

1

Introduction

3

Game birds	

13

Wetland birds	

22

Ocean and coastal birds	

25

A New Course for birds	

29

Conclusion

34

National Wildlife Federation

Credit: Flickr / USFWS Headquarters

Songbirds	18

Introduction
The outdoors would be strangely silent without the springtime melodies and flights of birds migrating overhead and living all around us.1
We see birds every day and they contribute much to our personal
lives. Beyond their aesthetic, cultural and ecological values, activities
associated with birds give a big boost to the U.S. economy. In 2011,
more than $54 billion was spent to watch wildlife, including more than
$4 billion to purchase seed for wild birds. Migratory game bird hunters spent more than $1.8 billion that same year.2
Every region of the United States is inhabited by birds, no matter
how extreme the conditions seem to us. Ptarmigan survive in the
arctic cold temperatures of Alaska and the high mountains of several
western states. Roadrunners endure Death Valley’s 3 extreme summer
temperatures that are consistently well in excess of 100oF. 4 Tens of
millions of waterfowl breed in the Prairie Potholes of the upper Midwest and Canada, annually hatching 50 percent of North America’s
ducks.5 Our Pacific, Atlantic and Gulf coastal beaches and marshes
are frequented by shorebirds such as the red knot. Many ocean birds,
such as the Hawaiian petrel, frequent the open seas.
Everywhere birds are an integral part of our natural ecosystems,
sometimes in ways not immediately obvious. Birds pollinate plants
and disperse their seeds, thereby facilitating genetic exchange and
seed germination.6 Birds also play important roles in controlling populations of some insect pests, such as mosquitoes, Japanese beetles
and European corn borer moths.7 Birds can be sensitive indicators
of threats to environmental health, such as when DDT was widely
used, imperiling bald eagles, osprey and peregrine falcons across the
lower-48 states.
Habitat loss, pollution and other factors have already led to 91 U.S.
bird species becoming listed as threatened or endangered under the
Endangered Species Act. 8 Climate change will almost certainly cause
more species to be added to these lists, as well as exacerbate the
challenges rare, threatened and endangered species already face.
Moreover, large contractions in the range of many currently common
and widespread species are expected.9
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This report demonstrates the very real vulnerabilities of birds and
their habitats to climate change by providing an overview of major
issues, highlighting selected species in four broad categories: upland
game birds, songbirds, wetland birds, and ocean and coastal birds.
We conclude with recommendations on how to chart a better course
for the future of birds and other wildlife by reducing carbon pollution
and safeguarding wildlife from the current and future impacts of climate change.
Climate change is the biggest threat that birds face this century.10
The existing climatic conditions to which birds and other wildlife are
adapted are rapidly changing. Although there have been significant
climate and habitat changes in the past, they have occurred over a
much longer period of time (thousands of years or longer) in contrast
to the rapidly accelerating climate shifts driven by carbon pollution
of the last century or so. While humans can anticipate some events,
take steps to reduce carbon pollution and prepare for increasing climate impacts, wildlife cannot plan ahead. Efforts to safeguard birds
are both crucial and challenging. We must reduce carbon pollution to
limit the magnitude of these impacts; we must intensify and modify
our conservation practices to reduce the impact of these changes
when possible; and we must manage for the ecological changes that
climate change is already causing.
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Migratory Birds Face Unique
Climate Challenges
Although there is evidence of some bird ranges shifting northward
in response to climate change, it would be a mistake to think that
the mobility of birds somehow makes them capable of easily accommodating climate change. In fact, many migratory birds face unique
challenges associated with climate.

If carbon pollution emissions continue to increase rapidly, all areas
of the United States will warm, with the biggest effect in the middle
of the country during the summer. These maps show the average
temperature increases simulated by climate models for 2041-2070
compared to 1971-2000. The warming will mean fewer extremely
cold days and more extremely hot days.
Source: NOAA NESDIS (2013): Regional Climate Trends and Scenarios for the U.S.
National Climate Assessment.
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Every fall, some 350 bird species leave their breeding grounds in
North America to fly to more suitable climates in South or Central
America for the winter, and then return again in the spring.11 These
migrants face multiple hazards during their long and arduous journey
because they must find suitable habitats in multiple locations, including on their breeding grounds, along their migratory corridors, and
on their wintering grounds. One broken link in this chain could pose
a major challenge and threaten the integrity of the entire chain and
the species, themselves. Given the worldwide changes in climate, we
can expect disruptions across the entire spectrum of habitats used
by migrating birds.

Changes in Timing and
Missed Connections
Timing is of the essence for migratory birds to accommodate the
changing seasons. As climate change brings earlier springs and later
arrival of winter in North America, some birds are changing the times
at which they migrate.12 During a six-decade study in Wisconsin,
spring temperatures increased and some birds, such as the eastern
phoebe and rose-breasted grosbeak, arrived earlier. By contrast, the
fox sparrow and eastern towhee exhibited no change in spring arrival date, retaining their long-held migration timing.13 When migration
behavior is triggered by non-weather related cues such as sun position or day length, those species will likely migrate about the same
time year after year, in contrast to other species whose migration is
triggered by weather-related cues.
One challenge for all migratory birds is the possibility of arriving at
their breeding grounds only to find they’ve missed important insect
foods or flowers whose seasonal timing, or phenology, was altered by
the changing climate. One study suggested that local plant phenology
has been advancing to earlier in the spring three times more rapidly
than advances in bird migration.14 This type of climate-driven mismatch led to about a 90 percent decline in some populations of pied
flycatchers in the Netherlands over a two decade period.15
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Birds and Habitats
Are Shifting Location
Climate change is causing shifts in geographic ranges of birds, sometimes at faster rates than scientists expected.16 As temperatures have
increased, 177 of 305 species of birds tracked in North America have
shifted their centers of abundance during winter northward by 35
miles on average during the past four decades (Figure 1).17 Species
with northward shifts exceeding 100 miles include the ring-necked
duck, American goldfinch, red-breasted merganser, American black
duck, green-winged teal, black-bellied plover, pine siskin and black
turnstone.18

Analysis of four decades of bird counts reveals that birds seen
in North America during the first weeks of winter have moved
dramatically northward, toward colder latitudes over the past four
decades. Significant northward movement occurred among 58
percent of the observed species. There was also movement inland,
from warmer coastal states.
Source: “Northward shift in center of abundance over 40 years” located at page 3
in “Birds and Climate Change, Ecological Disruption in Motion,” February 2009, ©
2009 National Audubon Society.
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Many bird habitat locations are also shifting. Forests are moving
northward into the Alaskan tundra19 and tree lines are moving upward
and displacing the alpine tundra of the Sierra Nevada in California.20
Broadleaf forests are encroaching into higher altitudes of the coniferous zones of New England’s mountains.21 It may not seem like a shift
in the ranges of some birds and habitats would be of great concern,
but birds and their habitats are not likely to shift at the same rate or
into and from the same areas. This would likely disrupt existing complexes of birds and habitats, or create new complexes with unknown
consequences. Continued climate change this century is projected to
change 20 percent of North America from one major ecosystem to
another.22

Habitats Disappearing
and Changing From Within
The many species of plants and other organisms that make up common habitat types will respond in unique ways to climate change,
meaning that the species composition of habitats will be changing
from within. In turn, this is likely to lead to changes in the structure
and function of ecological communities. There are likely to be both
negative and positive consequences of changes in the species composition of ecological communities, but exactly how this will affect birds
is extremely challenging to predict.
Coastal birds face the challenge of the outright disappearance of some
wetland and beach habitats due to sea-level rise. The average global sea
level has risen about 8 inches during the past century, and is expected
to increase by another 12-48 inches or even more during this century.23
While coastal habitats might naturally move inland as the sea level
rises, the current rate of increase is likely to be too fast for these
natural processes to occur. Moreover, man-made efforts to resist
increasing coastal erosion by building sea walls and other “hard”
infrastructure prevents inland migration of coastal habitats and could
exacerbate coastal wetlands loss by about 20 percent.24
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Conifers killed in the pine beetle epidemic unleashed by
climate change.

Important bird habitat is also being dramatically changed by massive
pest and disease epidemics. Mountain pine beetle epidemics decimated trees on more than 26.8 million acres from 1997-2010, killing
billions of trees in western North America and completely altering
the fundamental nature of these regions.25 Forest birds that require
mature healthy forests, such as tanagers and some flycatchers, are
likely to decline as catastrophic fires burn trees and create more open
habitats.
North America’s boreal forests are home to many breeding warblers
and other songbirds. Rising temperatures are projected to make the
boreal forest drier overall, leading to increases in fire frequency and
intensity, and changes in surface hydrology. The climate-driven epidemics of pine beetles have intensified and moved northward and
eastward into previously unscathed areas of British Columbia and
Alberta, destroying countless millions of trees.26, 27 These epidemics
are expected to continue as the climate warms.28
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Extreme Weather is Challenging
Birds and Their Habitats
The expected increases in the frequency of extreme weather events
such as floods, droughts, tropical storms and heat waves are likely
to have some of the most substantial impacts on birds in the coming decades. These events can exceed the normal tolerance levels of
birds and their habitats, causing long-lasting or permanent changes
to the habitat.
Superstorm Sandy in October 2012 was a disastrous example of what
extreme weather events mean for the future of America’s coasts.
Atlantic hurricanes have increased in power since 1970 as predicted,29
driven by carbon pollution causing climate change.30 Although coastal
beaches, coastal wetlands and barrier islands are constantly changing, the rising sea level and increasing intensity of storms, in combination with other factors, are altering coastal processes. Beyond the
tragic loss of life and severe damage to coastal communities, Superstorm Sandy also severely affected many National Wildlife Refuges.
The U.S. Fish and Wildlife Service is now spending $68.2 million to
make repairs and restore habitats on 25 National Wildlife Refuges,
including important wintering habitat for waterfowl on the Mackay
Island National Wildlife Refuge in North Carolina.31 But, some habitats
were altered forever.
As Superstorm Sandy did, unusually intense hurricanes can transform habitats virtually overnight, but it was not unprecedented.
In 1989, Hurricane Hugo dealt a devastating blow to the secondlargest population of the endangered red-cockaded woodpecker. In
this storm 87 percent of the active cavity trees on the Francis Marion
National Forest were destroyed.32, 33 Hurricanes Katrina and Rita in
2005 caused the loss of 217 square miles of Louisiana’s coastal wetlands,34 destroying important nesting, wintering and foraging areas
for countless birds, including many species of waterfowl, wading birds
such as egrets and herons, brown pelicans, and more.
The dramatic increase in the incidence and severity of wildfires
is another example of extreme events associated with climate
change that are destructive to North American bird populations.
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Prime Hook National Wildlife Refuge in Delaware experienced
damaging flooding during Superstorm Sandy.

Although moderate fire is natural and helpful to some ecosystems,
catastrophic wildfires can destroy and transform vast expanses
of habitat, causing adverse impacts to birds and other wildlife.35
Climate change has contributed to a four-fold increase in the number
of major fires and a six-fold increase in the area of forest burned
in western states since 1986 compared to the period 1970-1986.36
It is projected that the average burned areas could double across
11 western states, including quadrupling in Montana by 2070-2100.37

Birds and Reducing Carbon Pollution
Impacts to birds caused by the extraction of carbon-based fuels
have been and continue to be enormous. The Gulf oil disaster in 2010
accelerated the loss of coastal wetlands used by birds and it will never be known how many birds died from direct contact with the oil.
Extraction of oil from the tar sands of Alberta is destroying large
areas of boreal forests important for dozens of songbird species and
other migratory birds. Strip-mining for coal has forever destroyed
the precious streams, forests and grassland habitats of birds in areas
across the country including West Virginia, Wyoming, Pennsylvania
and many other states. Moving away from carbon-based fuels will
reduce their continuing huge impacts to birds, other wildlife and their
habitats.
As clean energy sources are developed to reduce carbon pollution
it is important to first avoid, then minimize, and ultimately compensate for unavoidable impacts to birds, other wildlife and their habitats
caused by construction of new projects. Potential biofuel plant stocks
must be screened to avoid using invasive species that are a risk to
native bird habitats. Biomass energy production must not be at the
expense of converting native habitats and ecosystems to croplands.
Wind energy projects need to take into account potential impacts to
birds and other wildlife when sites are chosen.
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To protect birds and other wildlife from the dangers of climate
change, NWF is calling for half of America’s electricity to
be generated from responsibly-sited renewable sources
by 2030. A key component of this goal is to secure strong
wildlife safeguards to protect sensitive species and habitats
during the siting, construction, and operation of wind energy
projects both on and offshore. NWF is working hard to
shape the following efforts to make sure that wind energy is
developed responsibly:
•

The American Wind Wildlife Institute—a multi-stakeholder
collaboration—is supporting research, analytical tools, and
development of best practices for responsible wind energy
development.

•

The U.S. Fish and Wildlife Service is implementing voluntary
wind energy guidelines for wildlife at projects throughout the
country.

•

Coordinating with stakeholders, the U.S. Interior Department
is developing much needed guidance and conservation
programming for wind energy’s potential impact on
protected bald and golden eagles.

•

Leading wind energy developers are working with federal
and state agencies to develop a conservation plan for
imperiled birds of the Great Plains, such as the whooping
crane and lesser prairie chicken.

•

Federal land managers are establishing pre-screened, lowconflict offshore “Wind Energy Areas.”

A bipartisan group in Congress has introduced the Public
Lands and Renewable Energy Development Act to secure
funds for addressing landscape-scale development impacts.
National Wildlife Federation
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Wind Energy and Birds

Game Birds
In the fall, game birds such as ducks, geese, doves and quail are
eagerly pursued by hunters across the country. Climate change will
likely increase the challenges of maintaining sustainable populations
of some game birds. The northern bobwhite, long in decline in the
Southeast,38 is sensitive to high midday temperatures,39 which are
rising due to climate change. In 2012 wild turkeys were hit hard by
severe drought that reduced food supplies, 40 demonstrating their vulnerability to projections of more-frequent and more-severe drought.
Increased evaporation associated with higher temperatures is
expected to reduce prairie pothole wetland frequency and duration,
especially in core waterfowl production areas.

Ducks
The Prairie Pothole Region of the United States ranges from portions
of Montana to as far east as Minnesota and southward into Iowa. The
Prairie Potholes of the United States and Canada combined produce
at least half of the ducks in North America. 41 The region provides
important breeding habitat for ducks like mallard, pintail, gadwall,
blue-winged teal, shovelers, canvasback and redhead.42 What happens in the Prairie Potholes affects the entire continent because
ducks produced there have been found in all of the lower 48 states.43

“All waterfowl hunters should recognize the
complex nature of what lies ahead for waterfowl
and the future of hunting. If we act now, future
generations of hunters will be thankful - and a
magnificent heritage can be maintained.”
— Erik Fritzell, Professor Emeritus,
Oregon State University
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Should climate change affect wetlands and ducks as projected, 44 waterfowlers across the country may find themselves asking “Where have all the ducks gone?” as they sit
in their duck blinds at dawn.
Waterfowl nesting success is closely tied to the number of ponds in
the region in spring. In fact, spring surveys of the number of ponds in
the Prairie Potholes are an important factor for projecting fall populations of ducks and in setting hunting season regulations. The abundance of these breeding ponds is determined by fall soil moisture,
winter snowfall and spring rains. In dry years, there can be as few as
two million ponds, in contrast to as many as six million in wet years.45
Prairie pothole wetlands are expected to dry more rapidly and have
lower water volumes as temperatures increase.46 During dry years
mallard ducklings have much lower survival rates.47
Areas with most favorable moisture conditions for waterfowl in the
Prairie Potholes are expected to shift further to the north and east
as the climate changes. However, these areas have already been
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extensively drained and cleared, and offer little available habitat even
with good moisture, 48 forcing ducks to breed in less productive areas.
North of the Prairie Potholes, the boreal forest, harbors up to 40
percent of North America’s ducks. 49 The 12 to 15 million ducks that
typically nest in the fens, bogs and lakes of the boreal forest region 50
include scaup, mallard, American widgeon, green-winged teal and
scoters.51 This forest habitat also supports more than half of North
America’s annual production of buffleheads, goldeneyes, ring-necked
ducks and mergansers.52
Climate change is altering the boreal forest landscape by increasing
fire and pine beetle epidemics as well as increasing annual climate
variability. In addition, outright habitat loss is a threat because up to
60,000 square miles of boreal forest could become more suitable for
agriculture if atmospheric carbon doubles. Moreover, the impact of
climate change is compounding the effects of other factors causing
the loss of boreal forest habitats, including oil and gas production,
tar sands open pit mining, development of hydroelectric power, and
increased timber harvest.53 Climate change will intensify all of these
impacts and result in potentially significant declines in waterfowl of
the boreal forest.

The Greater Sage Grouse
The greater sage grouse was once widespread throughout much of
the West, but has been declining for decades due to extensive habitat loss.54 This led to the closing of hunting across much of its range
and consideration for listing under the Endangered Species Act.55
Sage grouse require healthy and expansive sagebrush habitats. A
study in Montana, Wyoming, South Dakota and North Dakota projects
extensive decline in acreage of sagebrush based on various climatic
variables, especially declining precipitation.56
Even in areas where future climate may support sagebrush, climate
change may help the spread of cheatgrass,57 an invasive plant that
provides ready tinder for wildfires. Sagebrush habitats historically burned infrequently and cannot survive frequent fires.58 In 2007
alone, in the Great Basin where cheatgrass is pervasive, more than
2.7 million acres burned.59 Making matters worse for sagebrush,
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higher concentrations of atmospheric carbon could stimulate cheatgrass growth, increase fire frequency, and make it an even more
aggressive invader.60 The projected future distribution of cheatgrass
needs to be considered in management strategies to maintain sagebrush habitats for sage grouse.
Many birds, including sage grouse, are susceptible to West Nile Virus,
an introduced disease in the United States transmitted by mosquitoes.61, 62, 63 The incidence and spread of West Nile Virus at higher elevations is moderated by cold temperatures restricting the length of
the season during which mosquitoes, the carriers of West Nile Virus,
are active. Rising temperatures are projected to make conditions
more suitable for mosquitoes at higher elevations, thereby increasing
the probability that sage grouse will be exposed to West Nile Virus in
these areas. 64
When the effects of climate change on sagebrush distribution and the
risk of West Nile Virus transmission are considered together, the most
suitable areas for sage grouse are projected to be in high elevation
sagebrush habitats of southwestern Wyoming.65
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Songbirds
Native North American songbirds include orioles, tanagers, some 50
species of warbler and many more, most of which are both beautiful
to see and hear in springtime. Birdwatchers particularly anticipate
the spring migration of birds in the thrush family because of their
beautiful songs. In North America, the thrush family includes bluebirds, the American robin and six species of thrushes.

American Robin
The distinctive song of the American robin is a sure sign of spring. Even
though common and distributed across the entire lower-48 states
and nearly all of Alaska, the American robin is showing some signs
of being affected by climate change. In Colorado, robins migrate in
spring from lower to higher elevations, typically arriving well before
bare ground is exposed by snowmelt. Over a 19-year study period
they arrived at the higher elevations on average 18 days earlier, even
though the average date of snowmelt was unchanged. With robins
arriving earlier but no change in the blossoming date of herbaceous
and flowering plants, this mismatch in timing could eventually result
in scarcity of springtime food resources.66

Bluebirds
Another favorite thrush—because of its brilliant blue color—is the
bluebird, of which there are three species in the United States:
western, eastern and mountain. Thousands of dedicated volunteers
have maintained nest box “trails” to help bluebirds recover from
widespread deforestation and other factors.67
Bluebirds are a good example of how climate change can affect a single
species in several ways, and that effects also vary between species.
Eastern bluebirds had no apparent change in arrival dates in Wisconsin over six decades.68 Yet, during the last 50 years eastern bluebirds
have been laying their first clutch of eggs earlier in the year throughout much of their range.69 In Alberta, Canada spring arrival dates of
mountain bluebirds were tracked for 40 years, revealing earlier spring
arrival associated with warming trends in spring temperatures.70
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The net effect of rising temperatures on bluebird populations is
difficult to know. Bluebird nestlings are vulnerable to hypothermia in
cold weather,71 making it likely that early broods have the potential
to benefit from warmer springs. In contrast, nestlings are susceptible
to heat stress and dehydration in hot weather.72, 73 As a result, second
and third broods are likely to be more at risk due to higher summer
temperatures, especially during heat waves. Temperatures can be 8oF
warmer than ambient air temperatures in wooden nest boxes.74

Bicknell’s Thrush
The Bicknell’s thrush is the poster child of the thrush family for
projected impacts of climate change. It breeds in New England’s
mountaintop coniferous forests and is already a species of special
concern in Maine, New York, Vermont and New Hampshire.75 Increasing temperatures are driving its cold-adapted forest habitats upslope
as spreading hardwood forests encroach from lower elevations.76, 77
The balsam fir and red spruce favored by Bicknell’s thrush in these
forests78 are declining79 and expected to continue to decline as climate
change advances. 80 In fact, a 5oF to 6oF increase in July temperatures,
consistent with expectations given current trends in carbon pollution,
could result in loss of nearly 90 percent of its habitat in the United
States. 81 The U.S. Fish and Wildlife Service recently determined that
listing the Bicknell’s thrush as threatened or endangered, due in part
to climate change, may be warranted. 82
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Ruby-throated hummingbirds
Ruby-throated hummingbirds are distributed widely from
North Dakota south to Texas and all states to the east of this
line. Treasured by birders and gardeners alike, these tiny
jewel-like birds migrate enormous distances from South or
Central America to the United States, and they arrive in need
of a reliable meal. Nectar is an important source of energy
for hummingbirds, and changes in migration due to warming
temperatures could mean the tired and hungry birds arrive
when the flowering plants they rely upon for food aren’t yet
in blossom. Warmer winters and springs were associated with
earlier arrival in mid-latitudes in most areas. 83 Their return to
North America in the spring has advanced an astonishing 11 to
18 days depending upon latitude, from the early 20th century
to the early 2000s. In Massachusetts the birds arrived an
average of 18.4 days earlier over a recent 30-year period. 84
National Wildlife Federation

Average arrival dates of Ruby-throated Hummingbirds in eastern
North America have become earlier in the spring.
Source: Courter, Jason R. et. al., “Assessing migration of Ruby-throated
Hummingbirds (Archilocus colubris) at broad spatial and temporal scales (Evaluación
de la Migración de Archilocus colubris a Escales Amplias de Teimpo y Espacio)”, The
Auk, vol. 130, no. 1, January 2013. (c) 2013 by the American Ornithologists’ Union.
Published by the University of California Press.

“I am one of the monitors that survey birds each
spring and I watch my own data to see if I detect
the possible beginnings of any trends. I have
had a wonderful time bird watching for over 30
years and it has taught me a lot. I want young
people growing up today to be able to have
those incredibly life-enriching experiences too. It
troubles me deeply that climate change is going
to make many of my wonderful experiences
impossible for today’s young people. We can and
should do a lot better than this!”
— Leda Beth Gray, Maine
bluebird box monitoring
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Wetland Birds
Wetlands host an incredible diversity of birds including ducks, geese,
grebes, herons, many songbirds, rails, ibises and egrets. Climate
change is expected to widely impact wetland ecosystems through
changes in precipitation amounts and timing, increased evaporation
as temperatures rise, and greater extremes in drought and flooding.
Studies indicate that climate change will also enhance the spread
of aquatic invasive species such as phragmites 85 and reed canary
grass 86 that overwhelm native wetland vegetation, thereby changing habitat for the worse for our native bird populations. Climate
change threatens coastal freshwater marshes by increasing the risk
of conversion to salt marshes due to saltwater intrusion associated
with sea-level rise. These combined factors will bring about changes in wetland availability, plant communities, and productivity with
subsequent effects on waterfowl (see “Game Birds” section) and
other wetland birds. Of the 165 wetland breeding bird species in the
United States, 36 percent show medium or high vulnerability to the
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impacts of climate change. 87
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Source: “Birds of North America Online,” bna.birds.cornell.edu/bna, maintained by
the Cornell Lab of Ornithology.

Sandhill Cranes
Sandhill cranes, filling the air with their loud trilling calls, annually
visit Nebraska’s Central Platte River en route to their summer nesting
areas in Alaska, Canada and even Siberia. About half a million birds,
more than 80 percent of the continental sandhill crane population,
spend 3 to 4 weeks feeding, resting and socializing before continuing
on their long migration north. 88 Yet, this spectacular phenomenon
that all birders should witness, faces growing challenges in a changing climate.
High river flow is important for sandhill cranes because they rely
on wide open areas of the river for protection from predators when
roosting. 89 Persistently low river flow due to upstream dams and water
withdrawal for irrigation and local communities has allowed heavy
vegetation to crowd into the river channel,90 decreasing available
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roosting areas. This threat is expected to increase as moderate
to severe drought becomes more common,91 facilitating further
encroachment of dense vegetation. Reduced snowpack in the Rocky
Mountains and earlier snowmelt are also expected to further reduce
flow and change the timing of spring flows, respectively.

King Rail
In marked contrast to the sandhill crane’s high visibility, a seldom-seen bird (even for avid birders) is the elusive and secretive king
rail. This species resides primarily in coastal and inland freshwater
wetlands in southeastern states, but occasionally ranges as far north
as the Great Lakes region. The king rail’s population has declined
markedly over the last 40 years due primarily to wetland loss. Within
the king rail’s range 18 states have lost 50 percent or more of their
original wetland habitats.92 The historic loss of freshwater emergent
marshes that king rails rely on is a trend that is likely to continue,
especially where sea-level rise causes encroachment of saline water
into coastal freshwater marshes.93

National Wildlife Federation

Ocean and
Coastal Birds
Many oceanic birds, such as auklets, shearwaters, puffins, albatrosses and storm petrels, are seldom seen because they frequent open
expanses of ocean, usually venturing ashore only to breed. Coastal species may be more easily spotted than ocean birds; however,
many are restricted to very specific and uncommon coastal habitats
during their migration. Climate change poses a significant risk for
many of North America’s ocean and coastal birds due to factors such
as sea-level rise, ocean acidification and altered food supplies.

Ocean Birds
All 67 ocean bird species in U.S. waters, such as petrels, albatross
and murres, are considered to be at medium or high vulnerability,
making them the most at-risk group of U.S. birds due to climate
change.94 While many ocean birds nest on high cliffs, the Laysan albatross and other species nest on low-lying islands 95 such as Hawaii’s
Laysan Island,96 making them vulnerable to sea-level rise. Several
other climate trends affect ocean birds.
Climate-driven changes in marine ecosystems are a concern for birds
which feed in ocean waters. Our oceans are absorbing much of the
carbon dioxide released into the atmosphere. The carbon dioxide
is transformed into carbonic acid as it dissolves, causing the pH of
the world’s oceans to decrease, making the water more acidic. This
ocean acidification can decrease both the ability of shellfish to make
and maintain their shells and for corals to build their skeletons.97
As a result, the entire marine food chain is likely to be affected.
Furthermore, as water acidity increases it appears to increase
the vulnerability of corals to thermal bleaching, thereby reducing
productivity.98
The marbled murrelet, a threatened species,99 nests high in tall trees
in old-growth forests along the Pacific coast from Alaska southward
to Washington, Oregon and California.100 Losses in this breeding
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habitat are expected due to increased fire in old-growth forests, as
well as increases in extreme flooding, landslides and wind damage.101
Climate change may pose a risk to marbled murrelets via alterations
to the marine environments in which it forages.102 Marine productivity is sensitive to water temperature.103 Marbled murrelets appear to
have higher reproductive success during cooler years104 when food
availability is good,105 making warming waters a concern. Furthermore, changes in oceanic water currents could shift foraging areas
where upwellings with high productivity are located. Areas currently
with high productivity could decline, while new upwellings might pop
up in other currently unproductive ocean areas.

All 67 ocean bird species along America’s coasts show a medium or
high vulnerability to climate change; 43 of which are at the highest
level of vulnerability.
Source: North American Bird Conservation Initiative, U.S. Committee (2010): Figure
on page 6 of The State of the Birds 2010 Report on Climate Change, United States of
America. U.S. Department of the Interior.
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Coastal Birds
Coastal birds are especially vulnerable to disappearing habitat due to
sea level rise, especially wherever “hardening of the beaches,” such
as the building of seawalls, is attempted to resist increasing coastal
erosion.106 Coastal areas will also experience more flooding and erosion driven by warming ocean temperatures increasing tropical storm
intensity. Especially at risk are species using coastal beaches and
marshes for nesting, such as the piping plover, American and Black
oystercatchers, and the saltmarsh sparrow.107
Most coastal North American shorebirds breed in the Far North during
the summer, then undertake long-distance migrations to warmer
climates in South America. As long-distance migrants, it is important
that shorebirds find suitable habitat in their breeding, migration and
winter habitats. The dependence of many shorebirds on very specific habitat conditions throughout their range is a major reason they
are especially vulnerable to climate change. Any break in the chain
of required habitats puts these birds at risk. Of 49 North American
shorebird species recently assessed, nearly 90 percent were predicted to have an increased risk of extinction due to climate change alone.
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A few species projected to be the most affected include the American
oystercatcher, American golden-plover, whimbrel, red knot and bartailed godwit.108
The red knot occurs on the shores of all coastal states, including
Maine, New Hampshire, Virginia, North Carolina, Florida and Oregon,
among others.109 Some red knots migrate 9,300 miles one way from
their Arctic breeding grounds to the southernmost tip of South America where they overwinter. This long-distance migrant has a strong
dependence on key habitats. A recent assessment of the red knot’s
vulnerability to climate change indicated a large increase in extinction risk due to the likely loss of more than half of its winter range, as
well as its high degree of habitat specialization.110
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A New Course
for Birds
The habitat alterations being driven by climate change represent
the biggest threat that birds and other wildlife face. Recent reports
demonstrate that without significant new steps to reduce carbon pollution the world is on track for global temperature increases of at
least 7°F111 and global sea-level rise of three feet or more by the end
of the century.112 Such a scenario would guarantee that future generations inherit a world fundamentally different from the one we know
today.
Climate-driven extinctions and range retractions are already happening.113 Without significant action to reduce carbon pollution, our
forests, grasslands and other habitats will become strangely silent of
many of the bird songs we know today. Thankfully, solutions exist to
limit carbon pollution, safeguard birds and their habitat, and transition toward wildlife-friendly clean energy.

Solutions to Reduce Carbon Pollution
and Limit Climate Change
In May 2013 atmospheric carbon passed the 400 parts per million
milestone, more than a 40 percent increase since before the Industrial Revolution.114 We must and can take actions now to slow and
reverse the accelerating rise in atmospheric carbon:
•

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 has the
authority to limit carbon pollution from our leading source:
coal-fired power plants. However, this authority has not
yet been implemented. The federal government has the
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opportunity and an obligation to use and enforce existing
laws as part of a national plan to reduce the carbon that
drives climate change.

Now we need the political leadership to make the wise choices and investments needed to reduce carbon pollution in a
meaningful way and safeguard birds in a changing climate.
•

Prioritize clean energy and reduce fossil fuel use.

Credit: Flickr/ USFWS
Mountain Prairie

A serious effort to reduce carbon pollution must include
smart energy choices that reduce dependence on fossil fuels
and move us quickly towards a future powered by clean
energy. Investing in clean energy options such as wind,
solar, geothermal and sustainable bioenergy will reduce
our consumption of carbon-polluting fuels like coal, oil, tar
sands and natural gas, which are driving climate change. It
is essential that clean energy sources be developed in an
environmentally sound way to minimize and compensate for
potential effects on birds and other wildlife.

The Bear River Migratory Bird Refuge in Utah added solar panels in
an effort to pursue sustainable electricity production.

National Wildlife Federation

•

Protect and restore natural carbon sinks. In
addition to transitioning to clean energy, we must also
enhance the ability of nature to balance the system.
Restoring the ability of farms, forests and other natural lands
to absorb and store carbon provides increased benefits to
wildlife by providing critical habitat and helping mitigate
climate change.

Safeguard Birds and Their
Habitats from Climate Change
It is critical that conservation efforts in the twenty-first century prepare for and manage the impacts of climate change on birds, wildlife,
and other natural resources. To safeguard our diverse birdlife it is
imperative that we, in cooperation with other countries throughout
North and South America:
•

Better understand the impact of climate change
on all aspects of bird ecology—including the unique needs
of long distance migrants—and scientifically assess the
vulnerabilities of different bird species and their habitats to
these climate impacts.

•

Design and carry out climate-smart conservation
strategies to reduce the level of impact on our birdlife and
to enhance the resilience of the habitats on which they—and
we—depend.

Hunters, bird-watchers, private landowners, and public wildlife and
resource management agencies all have a role to play in safeguarding birds and their habitats in the face of climate change. Conserving
sensitive habitats will continue to be essential, although land and
water protection efforts increasingly will need to take future climate
projections into account to ensure long-term value to birds and other wildlife. Degraded landscapes need to be restored, and citizens
can take action to provide important habitat through backyard115 and
schoolyard habitat programs.116 Taking these and other steps to help
birds, wildlife and other natural resources adapt to a changing climate
will create a more sustainable future for us all.
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In extreme weather events, such as severe storms, special actions
may be needed to safeguard wildlife. Artificial nest cavities for the
red-cockaded woodpecker had to be installed after a hurricane, in
which most nest trees were destroyed.
Source: USDA, Forest Service
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“My most rewarding hobby in life is to provide a home
for resident birds and to act as a ‘bed and breakfast’ for
migrating birds. My yard provides clean water and extra
protein necessary for migrating bird journeys. I have sadly
watched the decrease in bird species in my yard over
the past 15 years. Some migrating and summer-resident
birds species have adjusted arrival times, but I no longer
see some other species because my plants blossom at
different times than before. My yard became one planting
zone warmer during this time, and therefore, the birds’
natural food sources were reduced or eliminated. I see a
snowball effect in my yard that is very upsetting, and I
miss my special birds.”
— Toni S., Ohio, NWF Volunteer
National Wildlife Federation

Conclusion
Although birds across the country are already feeling the impacts of
climate change at a rate much higher than originally predicted, it’s
not too late to harness America’s spirit of ingenuity and leadership to
confront this climate crisis. Inaction is no longer a viable option and
is only preventing us from taking advantage of the opportunities to
create jobs and economic prosperity in concert with bold, swift action
to reduce the carbon pollution that is heating our planet and threatening the birds and other wildlife we treasure.
The science is clear—we know what’s causing climate change and we
know what needs to be done to chart a better course for the future.
As we watch nature being transformed by a warming world before
our very eyes, it is clear that we must cut carbon pollution, speed our
transition to clean energy and safeguard America’s birds and other
wildlife. We have no time to waste.

National Wildlife Federation

Authors:
Doug Inkley, Ph.D., Senior Scientist-Wildlife,
National Wildlife Federation
Aliya Rubinstein, Outreach Campaign Intern,
National Wildlife Federation
Amanda Staudt, Ph.D., Senior Scientist-Climate,
National Wildlife Federation
Kendall Mackey, Climate & Energy Program Coordinator,
National Wildlife Federation

Credit: Flickr / jmayer1129

Bruce A. Stein, Ph.D., Director, Climate Change Adaptation,
National Wildlife Federation

Shifting Skies

35

Assisted by:
Justin Allegro, Manager, Renewable Energy and Wildlife Program,
National Wildlife Federation
Amber Hewett, Climate and Energy Intern,
National Wildlife Federation
Jenny Kordick, Coordinator of Outreach Campaigns,
National Wildlife Federation
Claudia Malloy, Senior Director, National Outreach,
National Wildlife Federation
Felice Stadler, Senior Director, Climate and Energy,
National Wildlife Federation

Reviewers:
Catherine Bowes, Senior Manager for Climate and Energy,
National Wildlife Federation
Greg Butcher, Ph.D., Migratory Bird Program Coordinator,
U.S. Forest Service
Nicholas Callero, Northwest Regional Outreach Coordinator,
National Wildlife Federation
Scott Fletcher, Certified Wildlife Biologist, Duke Energy
Hector Galbraith, Ph.D., Staff Scientist,
National Wildlife Federation
John Gale, Regional Representative, National Wildlife Federation
Patty Glick, Senior Climate Change Specialist,
National Wildlife Federation
Caleb Gordon, Ornithologist/Wildlife Biology Consultant,
Western EcoSystems Technology, Inc.
Miles Grant, Senior Communications Manager for Climate and
Energy, National Wildlife Federation
Jennifer Janssen, Senior Coordinator, Online Advocacy,
National Wildlife Federation

National Wildlife Federation

John Kostyack, Vice President, Wildlife Conservation
Peter LaFontaine, Energy Policy Advocate,
National Wildlife Federation
Steve Murchie, Senior Regional Outreach Coordinator,
National Wildlife Federation
Michael Murray, Ph.D., Staff Scientist,
National Wildlife Federation
Carol Oldham, Northeast Regional Outreach Coordinator,
National Wildlife Federation
Mary Price, Communications Intern, National Wildlife Federation
Kelly Senser, Manager, Affiliate Partnerships,
National Wildlife Federation
Corey Shott, Senior Legislative Representative,
National Wildlife Federation
Angela Van Doorn, Ph.D., Volunteer, National Wildlife Federation
Jeff Wells, Ph.D., Senior Scientist, Boreal Songbird Initiative
Alan Wentz, Ph.D., Chief Conservation Officer,
Ducks Unlimited (retired)
Scott Yaich, Ph.D., Director of Conservation Operations,
Ducks Unlimited

Photo Credits
Front Cover (birds): Michael Furtman
Font Cover (smokestacks): Flickr / *~Dawn~*
Back Cover: Flickr / Larry1732
Copyright © National Wildlife Federation 2013
For more information, please visit: www.nwf.org

Shifting Skies

37

Endnotes
1.

Carson, R. 1962. Silent Spring. Boston, MA: Houghton Mifflin.

2.

U.S. Department of the Interior, U.S. Fish and Wildlife Service, and U.S. Department
of Commerce, U.S. Census Bureau. 2012. The 2011 National Survey of Fishing,
Hunting, and Wildlife-Associated Recreation.

3.

digital-desert.com/death-valley/wildlife

4.

en.wikipedia.org/wiki/Death_Valley#Climate

5.

www.npwrc.usgs.gov/resource/habitat/grlands/waterfwl.htm

6.

www.desertmuseum.org/pollination/hummingbirds.php

7.

www.extension.iastate.edu/naturemapping/monitoring/Importance_Birds.htm

8.

ecos.fws.gov/tess_public/pub/Boxscore.do

9.

Warren, R., et al. 2013. Quantifying the benefit of early climate change mitigation in
avoiding biodiversity loss. Nature Climate Change 3(5).
www.nature.com/nclimate/journal/vaop/ncurrent/full/nclimate1887.html

10.

North American Bird Conservation Initiative, U.S. Committee. 2010. The State of
the Birds 2010 Report on Climate Change. USA, USDI, Department of the Interior.
Washington, D.C.

11.

www.birds.cornell.edu/AllAboutBirds/studying/migration/patterns

12.

Sokolov, L.V., M. Yu, A.P. Markovets, P.S. Anatoly and Y.G. Morozov. 1998. Long-term
trends in the timing of spring migration of passerines on the Courish Spit of the Baltic
Sea. Avian Ecology and Behaviour 1:1-21.

13.

Bradley, N.L., et al. 1999. Phenological changes reflect climate change in Wisconsin.
Proceedings of the National Academy of Sciences 96(17): 9,701-9,704.
www.pnas.org/content/96/17/9701.full.pdf

14.

Marra, P.P., C.M. Francis, R.S. Mulvihill, F.R. Moore. 2005. The influence of climate on
the timing and rate of spring bird migration. Oecologia 142: 307-315.

15.

Both, C., S. Bouwhuis, C.M. Lessells and M.E. Visser. 2006. Climate change and
population declines in a long-distance migratory bird. Nature 441.

16.

Chen, I.C., J.K. Hill, R. Ohlemuller, D.B. Roy and C.D. Thomas. 2011. Rapid range
shifts of species associated with high levels of climate warming. Science 333:
1,024-1,026.

17.

Daniel, K.N., G.S. Butcher, G.T. Bancroft, W.B. Monahan and G. Langham. 2009. Birds
and Climate Change Ecological Disruption in Motion. National Audubon Society.
www.stateofthebirds.org/2009/pdf_files/State_of_the_Birds_2009.pdf

18.

Daniel, K.N., G.S. Butcher, G.T. Bancroft, W.B. Monahan and G. Langham. 2009. Birds
and Climate Change Ecological Disruption in Motion. National Audubon Society.
www.stateofthebirds.org/2009/pdf_files/State_of_the_Birds_2009.pdf

19.

Dial, R.J., E.E. Berg, K. Timm, A. McMahon and J. Geck. 2007. Changes in the
alpine forest-tundra ecotone commensurate with recent warming in southcentral
Alaska: Evidence from orthophotos and field plots. Journal of Geophysical ResearchBiogeosciences 112(G04015): 15.

20.

Millar, C.I., R.D. Westfall, D.L. Delany, J.C. King and L.J. Graumlich. 2004. Response
of subalpine conifers in the Sierra Nevada, California, USA, to 20th-century warming
and decadal climate variability. Arctic Antarctic and Alpine Research 36: 181-200.

National Wildlife Federation

21.

Beckage, B., B. Osborne, D.G. Gavin, C. Pucko, T. Siccama, and T. Perkins. 2008.
A rapid upward shift of a forest ecotone during 40 years of warming in the Green
Mountains of Vermont. Proceedings of the National Academy of Sciences USA 105:
4,197-4,202.

22.

Gonzalez, P., R.P. Neilson, J.M. Lenihan, and R.J. Drapek. 2010. Global patterns in the
vulnerability of ecosystems to vegetation shifts due to climate change. Global Ecology
and Biogeography 19: 755-768.

23.

Parris, A., P. Bromirski, et al. 2012. Global Sea Level Rise Scenarios for the United
States National Climate Assessment.

24.

Galbraith, H., R. Jones, R. Park, J. Clough, S. Herrod-Julius, B. Harrington and G.
Page. 2002. Global Climate Change and Sea Level Rise: Potential Losses of Intertidal
Habitat for Shorebirds. Waterbirds 25(2):173-183.

25.

Meddens, A.J.H., J.A. Hicke and C.A. Ferguson. 2012. Spatiotemporal patterns of
observed bark beetle-caused tree mortality in British Columbia and the western
United States. Ecological Applications 22: 1,876-1,891.

26.

cfs.nrcan.gc.ca/pages/49

27.

Cudmore, T.J., N. Björklund, A.L. Carroll and B.S.Lindgren. 2010. Climate change and
range expansion of an aggressive bark beetle: evidence of higher beetle reproduction
in naïve host tree populations. Journal of Applied Ecology 47(5): 1,036–1,043.

28.

Carroll, A.L., S.W. Taylor, J. Regniere and L. Safranyik, 2003. Effect of climate change
on range expansion by the mountain pine beetle in British Columbia.

29.

Emanuel, K. 2007. Environmental Factors Affecting Tropical Cyclone Power
Dissipation. Journal of Climate 20: 5,497-5,509.

30.

Knutson, T.R., J. McBride, et al. 2010. Tropical cyclones and climate change. Nature
Geoscience 3: 157-163.

31.

www.fws.gov/hurricane/sandy/projects.html

32.

Hooper, R.G., J.C. Watson, R.E.F. Escano. 1990. Hurricane Hugo’s initial effects on
red-cockaded woodpeckers in the Francis Marion National Forest. Trans. 55th N.A.
Wild. & Nat. Res. Conf. 55:220-224.

33.

U.S. Fish and Wildlife Service. 2002. Red-cockaded woodpecker.
library.fws.gov/Pubs4/redcockadedwp02.pdf

34.

Barras, J.A. 2007. Land Area Changes in Coastal Louisiana After Hurricanes Katrina
and Rita. (pubs.usgs.gov/circ/1306/pdf/c1306_ch5_b.pdf) Pages 97-112 in Farris,
G.S., Smith, G.J., Crane, M.P., Demas, C.R., Robbins, L.L., and D.L. Lavoie, eds.,
2007, Science and the storms—the USGS response to the hurricanes of 2005. U.S.
Geological Survey Circular 1306, 283 p. pubs.usgs.gov/circ/1306/

35.

McKenzie, D., et al. 2004. Climate Change, Wildfire, and Conservation. Conservation
Biology 18(4): 1-13.

36.

Westerling, A.L. 2006. Warming and Earlier Spring Increases Western U.S. Forest
Wildfire Activity.

37.

D. McKenzie, et al. 2004. Climate Change, Wildfire, and Conservation. Conservation
Biology 18(4): 1-13.

38.

Sauer, J.R., J.E. Hines, J.E. Fallon, K.L. Pardieck, D.J. Ziolkowski, Jr. and W.A. Link.
2011. The North American Breeding Bird Survey, Results and Analysis 1966 - 2010.
Version 12.07.2011. U.S.G.S. Patuxent Wildlife Research Center, Laurel, MD.
www.mbr-pwrc.usgs.gov/cgi-bin/atlasa10.pl?EAS&2&10

39.

Guthery, F.S., A.R. Rybak, S.D. Fuhlendorf, T.L. Hiller, S.G. Smith, W.H. Puckett, Jr.
and R.A. Baker. 2005. Aspects of the thermal ecology of bobwhites in north Texas.
Wildlife Monograph 159.

Shifting Skies

39

40.

www.gameandfishmag.com/2013/02/08/
biggest-threats-to-wild-turkey-populations-in-2013/#ixzz2RPNHyhoH

41.

North American Bird Conservation Initiative, U.S. Committee. 2010. The State of
the Birds 2010 Report on Climate Change. USA, USDI, Department of the Interior.
Washington, D.C.

42.

www.ducks.org/conservation/prairie-pothole-region

43.

www.fws.gov/refuges/whm/wpa.html

44.

Johnson, W.C., B.V. Millett, T. Gilmanov, R.A. Voldseth, G.R. Guntenspergen,
D.E. Naugle. 2005. Vulnerability of Northern Prairie Wetlands to Climate Change.
BioScience 55(10): 863-872.

45.

U.S. Fish and Wildlife Service. 2012. Waterfowl population status, 2012. U.S.
Department of the Interior, Washington, D.C. www.fws.gov/migratorybirds/
NewReportsPublications/PopulationStatus/Waterfowl/StatusReport2012_final.pdf

46.

Werner, B., G.R. Guntenspergen, R.A. Voldseth, B. Millett, D. Naugle, M. Tulbure,
R.W.H. Carroll, J. Tracy, C. Olawsky and W.C. Johnson. 2010. Prairie Wetland
Complexes as Landscape Functional Units in a Changing Climate. BioScience
60(2):128-140.

47.

Krapu, G.L., J.P. Pietz, D.A. Brandt and R.R. Cox. 2006. Mallard Brood Movements,
Wetland Use, and Duckling Survival During and Following a Prairie Drought. Journal of
Wildlife Management 70: 1,436-1,444.

48.

Johnson, W.C., B.V. Millett, T. Gilmanov, R.A. Voldseth, G.R. Guntenspergen,
D.E. Naugle. 2005. Vulnerability of Northern Prairie Wetlands to Climate Change.
BioScience 55(10): 863-872.

49.

North American Bird Conservation Initiative, U.S. Committee. 2010. The State of
the Birds 2010 Report on Climate Change. USA, USDI, Department of the Interior.
Washington, D.C.

50.

www.ducks.org/conservation/western-boreal-forest/waterfowl-of-the-boreal-forest

51.

www.ducks.org/conservation/where-we-work/western-boreal-forest-canada/
more-information

52.

www.ducks.org/conservation/western-boreal-forest/waterfowl-of-the-boreal-forest

53.

www.ducks.org/conservation/where-we-work/western-boreal-forest-canada/
more-information/page3

54.

Sauer, J.R., J.E. Hines, J.E. Fallon, K.L. Pardieck, D.J. Ziolkowski, Jr. and W.A. Link.
2011. The North American Breeding Bird Survey, Results and Analysis 1966 - 2010.
Version 12.07.2011. U.S.G.S. Patuxent Wildlife Research Center, Laurel, MD. www.
mbr-pwrc.usgs.gov/cgi-bin/atlasa10.pl?WES&2&10

55.

www.fws.gov/mountain-prairie/species/birds/sagegrouse/

56.

Schrag, A., S. Konrad , S. Miller, B. Walker, S. Forrest. 2011. Climate-change
impacts on sagebrush habitat and West Nile virus transmission risk and conservation
implications for greater sage-grouse. GeoJournal 76: 561-575.

57.

Ypsilantis, W.G. 2003. Risk of cheatgrass invasion after fire in selected sagebrush
community types. Bureau of Land Management Resource Notes No. 63.

58.

Ypsilantis, W.G. 2003. Risk of cheatgrass invasion after fire in selected sagebrush
community types. Bureau of Land Management Resource Notes No. 63.

59.

USDA Forest Service. 2008. Challenging cheatgrass: Can tools like the ‘black fingers
of death’ fight this formidable invasive species? Rocky Mountain Research Laboratory.
http://www.fs.fed.us/rmrs/docs/rmrs-science/cheatgrass-challenge-2008-04.pdf

60.

Smith, S.D., T.E. Huxman, S.F. Zitzer, et al. 2000. Elevated CO2 increases productivity
and invasive species success in an arid ecosystem. Nature 408: 79-82.

National Wildlife Federation

61.

www.cdc.gov/ncidod/dvbid/westnile/birdspecies.htm

62.

Clark, L., J. Hall, R. McLean, M. Dunbar, K. Klenk, R. Bowen and C.A. Smeraski. 2006.
Susceptibility of greater sage-grouse to experimental infection with West Nile virus
42(1):14-22.

63.

Walker, B.L., D.E. Naugle, K.E. Doherty, T.E. Cornish. 2007. West Nile virus and
greater sage-grouse: Estimating infection rate in a wild bird population. Avian
Diseases 51: 691-696.

64.

Schrag, A., S. Konrad, S. Miller, B. Walker, S. Forrest. 2011. Climate-change impacts
on sagebrush habitat and West Nile virus transmission risk and conservation
implications for greater sage-grouse. GeoJournal 76: 561-575.

65.

Schrag, A., S. Konrad, S. Miller, B. Walker, S. Forrest. 2011. Climate-change impacts
on sagebrush habitat and West Nile virus transmission risk and conservation
implications for greater sage-grouse. GeoJournal 76: 561-575.

66.

Inouye, D.W., B. Barr, K.B. Armitage and B.D. Inouye. 2010. Climate change is
affecting altitudinal migrants and hibernating species. Proceedings of the National
Academies of Sciences of the United States of America 97(4): 1,630-1,633.
www.pnas.org/content/97/4/1630.short

67.

www.sialis.org/history.htm

68.

Bradley, N. L., A.C. Leopold, J. Ross and W. Huffaker. 1999. Phenological changes
reflect climate change in Wisconsin. Proceedings of the National Academy of Sciences
96(17): 9,701-9,704.

69.

Torti, V. M. and P.O. Dunn. 2005. Variable effects of climate change on six species of
North American birds. Oecologia 145(3): 486-495.

70.

Lane, R.K. and M. Pearman. 2003. Comparison of spring return dates of Mountain
Bluebirds, Sialia currucoides, and Tree Swallows Tachycineta bicolor, with monthly air
temperatures. Canadian Field-Naturalist 117(1): 110-112.

71.

www.sialis.org/hypo.htm

72.

www.sialis.org/heat.htm

73.

www.ambassadorforthebluebirds.net/1/post/2013/03/how-climate-change-affectsbluebirds.html

74.

Black, C. C. 1999. Wooden Nest Boxes Found Cooler. Bluebird 21(4), 4-5.
audubon-omaha.org/bbbox/nabs/cb1.htm

75.

International Bicknell’s Thrush Conservation Group. 2010. Action Plan for Bicknell’s
Thrush (Catharus bicknelli). J.A. Hart, C.C. Rimmer, R. Dettmers, R.M. Whittam, E.A.
McKinnon, and K.P. McFarland, eds. www.bicknellsthrush.org

76.

Matteson, M. 2010. Before the Secretary of Interior- Petition to List the Bicknell’s
Thrush (Catharus bicknelli) as Threatened or Endangered Under the Endangered
Species Act. Center for Biological Diversity. www.biologicaldiversity.org/species/
birds/Bicknells_thrush/pdfs/Bicknells_Thrush_Petition.pdf

77.

U.S. Fish and Wildlife Service. 2012. Endangered and Threatened Wildlife and Plants;
90-Day Finding on a Petition to List the Bicknell’s Thrush (Catharus bicknelli) as
Endangered or Threatened. 50 CFR Part 17.
www.gpo.gov/fdsys/pkg/FR-2012-08-15/pdf/FR-2012-08-15.pdf

78.

Lambert, J. D., K.P. McFarland, C.C. Rimmer, S.D. Faccio and J.L. Atwood. 2005. A
practical model of Bicknell’s Thrush distribution in the northeastern United States.
The Wilson Bulletin 117(1): 1-11.

79.

Beckage, B., B. Osborne, D.G. Gavin, C. Pucko, T. Siccama and T. Perkins. 2008.
A rapid upward shift of a forest ecotone during 40 years of warming in the Green
Mountains of Vermont. Proceeding of the National Acadamies of Science 105(11):
4,197–4,202.

Shifting Skies

41

80.

Prasad, A.M., L.R. Iverson., S. Matthews and M. Peters. 2007-ongoing. A Climate
Change Atlas for 134 Forest Tree Species of the Eastern United States [database].
Northern Research Station, USDA Forest Service, Delaware, Ohio.
www.nrs.fs.fed.us/atlas/tree

81.

Lambert, J. D. and K.P. McFarland. 2004. Projecting effects of climate change on
Bicknell’s Thrush habitat in the northeastern United States. Unpublished report by the
Vermont Institute of Natural Science, Woodstock.

82.

U.S. Fish and Wildlife Service. 2012. Endangered and Threatened Wildlife and Plants;
90-Day Finding on a Petition to List the Bicknell’s Thrush (Catharus bicknelli) as
Endangered or Threatened. 50 CFR Part 17.
www.gpo.gov/fdsys/pkg/FR-2012-08-15/pdf/FR-2012-08-15.pdf

83.

Courter, J.R., R.J. Johnson, W.C. Bridges and K.G. Hubbard. 2013. Assessing
migration of Ruby-throated hummingbirds (Archilochus colubris) at broad spatial and
temporal scales. The Auk 130(1): 107-117.

84.

Ledneva, A., et al. 2004. Climate change as reflected in a naturalist’s diary,
Middleborough, Massachusetts. The Wilson Bulletin 116.3: 224-231.

85.

cida.usgs.gov/glri/projects/accountability/Phragmites_invasion.html

86.

Kinmonth-Schultz, H. 2009. University of Washington. depts.washington.edu/hortlib/
student_research/2009/Kinmonth-Schultz_ReedCanaryGrass.pdf

87.

North American Bird Conservation Initiative, & US Committee. 2010. The state of the
birds 2010 report on climate change, United States of America. US Department of the
Interior: Washington, DC.

88.

www.nebraskaflyway.com/page.php?pgID=1

89.

Staudt, A., C. Shott, D. Inkley, and I. Ricker. 2013. Wildlife in Warming World –
Confronting the Climate Crisis. Washington, D.C.: National Wildlife Federation.

90.

U.S. Department of the Interior. 2006. Sandhill Cranes Appendix. Platte River
Recovery Implementation Program. Bureau of Reclamation and U.S. Fish and
Wildlife Service.

91.

Fang, Y. 2011. Presentation: Observed and projected future drought variability
in the Great Plains. School of Natural Resources, University of Nebraska-Lincoln.
watercenter.unl.edu/climate2011/PresentationsBreakout3/Feng.pdf

92.

Cooper, T.R. 2008. King Rail Conservation Plan, Version 1. U.S. Fish and Wildlife
Service, Fort Snelling, Minnesota 121.

93.

Thorne, K.M., J.Y. Takekawa and D.L. Elliott-Fisk. 2012. Ecological effects of climate
change on salt marsh wildlife: a case study from a highly urbanized estuary. Journal
of Coastal Research, 28(6): 1,477-1,487.

94.

North American Bird Conservation Initiative, & US Committee. 2010. The state of the
birds 2010 report on climate change, United States of America. US Department of the
Interior: Washington, DC.

95.

coris.noaa.gov/about/eco_essays/nwhi/laysan.html

96.

Dunn, J.L. and J. Alderfer. 2006. National Geographic Field Guide to the Birds of North
America, 5th edition. Washington, D.C., National Geographic Society.

97.

Hoegh-Guldberg, O., P.J. Mumby, A.J. Hooten, R.S. Steneck, P. Greenfield, E. Gomez,
C.D. Harvell, P.F. Sale, A.J. Edwards, K. Caldeira, N. Knowlton, C.M. Eakin, R. IglesiasPrieto, N. Muthiga, R.H. Bradbury, A. Dubi and M.E. Hatziolos. 2007. Coral Reefs
Under Rapid Climate Change and Ocean Acidification. Science 318: 1,737-1,742.

98.

Anthony, K.R.N., D.I. Kline, G. Diaz-Pulido, S. Dove and O. Hoegh-Guldberg. 2008.
Ocean acidification causes bleaching and productivity loss in coral reef builders.
Proceedings of the National Academy of Sciences of the United States 105(45):
17,442–17,446.

National Wildlife Federation

99.

ecos.fws.gov/speciesProfile/profile/speciesProfile.action?spcode=B08C

100. www.gpo.gov/fdsys/pkg/FR-2011-10-05/pdf/2011-25583.pdf
101. U.S. Fish and Wildlife Service. 2009. Marbled Murrelet (Brachyramphus marmoratus)
5-Year Review. Lacey, WA.
www.gpo.gov/fdsys/pkg/FR-2011-10-05/pdf/2011-25583.pdf
102. Becker, B.H. and S.R. Beissinger. 2006. Centennial decline in the trophic level of an
endangered seabird after fisheries decline. Conservation Biology 20(2): 470-479.
103. North American Bird Conservation Initiative, & US Committee. 2010. The state of the
birds 2010 report on climate change, United States of America. US Department of the
Interior: Washington, DC.
104. Becker, B.H., M.Z. Peery and S.R. Beissinger. 2007. Ocean climate and prey
availability affect the trophic level and reproductive success of the marbled murrelet,
an endangered seabird. Marine Ecology Progress Series 329: 267-279.
105. Peery, M.Z., et al. 2004. Applying the declining population paradigm: diagnosing
causes of poor reproduction in the marbled murrelet. Conservation Biology 18.4:
1,088-1,098.
106. Galbraith, H., R. Jones, R. Park, J. Clough, S. Herrod-Julius, B. Harrington and G.
Page. 2005. Global Climate Change and Sea Level Rise: Potential Losses of Intertidal
Habitat for Shorebirds USDA Forest Service Gen. Tech. Rep. PSW-GTR-191.
107. North American Bird Conservation Initiative, & US Committee. 2010. The state of the
birds 2010 report on climate change, United States of America. US Department of the
Interior: Washington, DC.
108. Galbraith, H., D.W. Desrochers, S. Brown and J.M. Reed. In prep. Predicting the
vulnerabilities of North American shorebirds to climate change.
109. www.allaboutbirds.org/guide/red_knot/lifehistory
110. Galbraith, H., D.W. Desrochers, S. Brown and J.M. Reed. In prep. Predicting the
vulnerabilities of North American shorebirds to climate change.
111. Potsdam Institute for Climate Impact Research and Climate Analytics. 2012. Turn
Down Heat: Why a 4°C Warmer World Must Be Avoided. A report for the World Bank.
climatechange.worldbank.org/sites/default/files/Turn_Down_the_heat_Why_a_4_
degree_centrigrade_warmer_world_must_be_avoided.pdf
112. Potsdam Institute for Climate Impact Research and Climate Analytics. 2012. Turn
Down Heat: Why a 4°C Warmer World Must Be Avoided. A report for the World Bank.
climatechange.worldbank.org/sites/default/files/Turn_Down_the_heat_Why_a_4_
degree_centrigrade_warmer_world_must_be_avoided.pdf
113. Thomas,C.D., A.M.A. Franco and J.K. Hill. 2006. Range retractions and extinction in
the face of climate warming. Trends in Ecology and Evolution 21(8): 415-416.
www.sciencedirect.com/science/article/pii/S0169534706001662
114. ftp://ftp.cmdl.noaa.gov/ccg/co2/trends/co2_weekly_mlo.txt
115. www.nwf.org/How-to-Help/Garden-for-Wildlife/Create-a-Habitat.aspx
116. www.nwf.org/How-to-Help/Garden-for-Wildlife/Schoolyard-Habitats.
aspx?campaignid=WH13F1ASWTX&s_src=CWH_GardenWebsite_Home_SYH

Shifting Skies

43

Shifting Skies

Credit: Rosie Walunas/USFWS

44

Shifting Skies

45

NOW
IS THE TIME
TO CONFRONT
THE CLIMATE
CRISIS
Learn more and take action!
www.nwf.org/birdsandclimate

Inspiring Americans
to protect wildlife for
our children’s future
This report made possible through
the generosity of our donors.
Learn more at

Shifting Skies

46

www.nwf.org

