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I. Introduction
Purpose

Climate change presents significant risks to our nation’s natural
and cultural resources. Although climate change was once be-
lieved to be a future problem, there is now unequivocal scien-
tific evidence that our planet’s climate system is warming (IPCC
2007a). While many people understand that human emissions
of greenhouse gases have contributed to recent observed cli-
mate changes, fewer are aware of the specific impacts these
changes will bring. This document is part of a series of bio-
regional summaries that provide key scientific findings about
climate change and impacts to protected areas. The information
is intended to provide a basic understanding of the science of
climate change, known and expected impacts to resources and
visitor experience, and actions that can be taken to mitigate and
adapt to change. The statements may be used to communicate
with managers, frame interpretive programs, and answer gen-
eral questions to the public and the media. They also provide
helpful information to consider in developing sustainability
strategies and long-term management plans.

Audience

The Talking Points documents are primarily intended to provide
park and refuge area managers and staff with accessible, up-to-
date information about climate change and climate change im-
pacts to the resources they protect.

Organizational Structure

Following the Introduction are three major sections of the
document: a Regional Section that provides information on
changes to Alaska Boreal and Artic, a section outlining No
Regrets Actions that can be taken now to mitigate and adapt
to climate changes, and a general section on Global Climate
Change. The Regional Section is organized around seven types
of changes or impacts, while the Global Section is arranged
around four topics.

Regional Section

+ Temperature

« The Water Cycle (including snow, ice, lake levels, sea levels
and sea level rise, and ocean acidification)

+ Vegetation (plant cover, species range shifts, and phenology)

+ Wildlife (aquatic, marine, and terrestrial animals, range shifts,
invasive species, migration, and phenology)

+ Disturbance (including range shifts, plant cover, plant pests
and pathogens, fire, flooding, and erosion)

e Cultural Resources

« Visitor Experience
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Global Section

« Temperature and Greenhouse Gases
« Water, Snow, and Ice

+ Vegetation and Wildlife

+ Disturbance

Information contained in this document is derived from the
published results of a range of scientific research including
historical data, empirical (observed) evidence, and model pro-
jections (which may use observed or theoretical relationships).
While all of the statements are informed by science, not all state-
ments carry the same level of confidence or scientific certainty.
Identifying uncertainty is an important part of science but can
be a major source of confusion for decision makers and the
public. In the strictest sense, all scientific results carry some
level of uncertainty because the scientific method can only
“prove” a hypothesis to be false. However, in a practical world,
society routinely elects to make choices and select options for
actions that carry an array of uncertain outcomes.

The statements in this document have been organized to help
managers and their staffs differentiate among current levels of
uncertainty in climate change science. In doing so, the docu-
ment aims to be consistent with the language and approach tak-
en in the Fourth Assessment on Climate Change reports by the
Intergovernmental Panel on Climate Change (IPCC). However,
this document discriminates among only three different levels
of uncertainty and does not attempt to ascribe a specific prob-
ability to any particular level. These are qualitative rather than
quantitative categories, ranked from greatest to least certainty,
and are based on the following:

+ “What scientists know” are statements based on measurable
data and historical records. These are statements for which
scientists generally have high confidence and agreement
because they are based on actual measurements and observa-
tions. Events under this category have already happened or
are very likely to happen in the future.

« “What scientists think is likely” represents statements beyond
simple facts; these are derived from some level of reasoning
or critical thinking. They result from projected trends, well
tested climate or ecosystem models, or empirically observed
relationships (statistical comparisons using existing data).

« “What scientists think is possible” are statements that use a
higher degree of inference or deduction than the previous
categories. These are based on research about processes that
are less well understood, often involving dynamic interac-
tions among climate and complex ecosystems. However,
in some cases, these statements represent potential future
conditions of greatest concern, because they may carry the
greatest risk to protected area resources.



II. Climate Change Impacts to Alaska Boreal and Arctic Bioregions

The Boreal and Arctic Biore-
gion that is discussed in this
section is shown in the map
to the right. A list of parks
and refuges for which this
analysis is most useful is in- Kobus F\'/alley
cluded on the next page. To Russia
. . -8
help the reader navigate this Cape K“‘;e"s‘em .
section, each category is des-
ignated by color-coded tabs
on the outside edge of the
document.
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Summary

Alaska is a huge state spanning 375 million acres and occupying nearly one-fifth of the land area of the contiguous 48 states.
More than half of the coastline of the entire United States is in Alaska. Due to the great size and geographically diverse nature
of Alaska, two bioregional documents were produced: “Boreal and Arctic” and “Alaska Maritime and Transitional.” In Alaska,
the vast majority of the land is public; with approximately 222 million acres (approximately 60%) designated federal lands and
another go million acres (approximately 24%) in state ownership. There are 17 National Park Service (NPS) areas in Alaska
covering over 54 million acres; this represents two-thirds of the land in the entire National Park system. Wrangell-St. Elias is the
largest NPS unit at over 13 million acres in size. There are 16 National Wildlife Refuges in Alaska totaling over 76 million acres,
representing approximately 80% of the entire National Wildlife Refuge system. The two national forests in Alaska encompass
nearly 22 million acres; Tongass National Forest is the largest United States Forest Service unit, with nearly 17 million acres. The
Bureau of Land Management manages almost 78 million acres in Alaska.
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Summary Continued

Climate changes in the Boreal and Arctic bioregion include increased mean, minimum, and maximum annual and seasonal
temperatures, especially in the spring and winter, resulting in earlier spring budding, an increase in the length of the growing
season, and an increase in the annual numbers of snow-free and frost-free days. Hotter, drier summers contribute to drought
stress in the boreal forest, leading to reduced tree growth, changes in rates of carbon sequestration, and increased disturbance
from fires and insect outbreaks. In addition, shrub expansion into Arctic tundra is altering forage availability for caribou and
other wildlife. Additional climate change impacts include changes to regional hydrology, including decreased spatial extent
of glaciers and sea ice, and increased sea surface temperatures. Secondary effects include shifts in plankton availability in the
Bering Sea, which in turn is impacting the distribution and population dynamics of fish, seabird, and wildlife species.

List of Parks and Refuges

U.S. National Park Service Units U.S. Fish & Wildlife Service Units Acronym Unit Type

+ Bering Land Bridge NPR * Arctic NWR
NM National Monument

+ Cape Krusenstern NM » Innoko NWR NP National Park

+ Denali NP & NPR » Kanuti NWR NPR National Preserve
NWR National Wildlife Refuge

« Gates of the Arctic NP & NPR + Koyakuk NWR

« Inupiat Heritage Center + Nowitna NWR

+ Kobuk Valley NP + Selawik NWR

+ Noatak NPR + Tetlin NWR

« Wrangell-St. Elias NP & NPR + Togiak NWR

¢ Yukon - Charley Rivers NPR * Yukon Delta NWR

* Yukon Flats NWR

I Visitor ExperiencJ;ultural ResourceI Disturbance J Wildlife J Vegetation J Water Cycle I Temperature
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0.14°C (0.25°F) in the summer and 0.24°C
(0.43°F) in the winter (Keyser et al. 2000).

A. TEMPERATURE

What scientists know.... ) o
+ Alaska-wide minimum temperatures have

« Mean annual temperatures in Alaska in- warmed proportionally more than mean or

This weather station in Denali
National Park is used to moni-
tor temperature and other cli-
matic factors; NPS photo.

creased an average 1.7°C over the last six
decades, with a general warming rate of
0.16 to 0.37°C per decade from 1951 to
2001 (Alaska Climate Research Center et
al. 2009; Hartmann and Wendler 2005).

From 1949 to 2009, regional mean annual
temperatures for the Arctic, Interior, and
West Coast of Alaska increased by 1.4
to 2.5°C (2.5 to 4.5°F) and the greatest
change in mean seasonal temperatures (2.3
to0 4.9°C, 4.1 to 8.8°F) was observed in the
winter (Alaska Climate Research Center
2010).

Maximum temperature increases were
observed throughout Alaska; the greatest
increases were observed during the spring
with an average of 0.46°C (0.83°F) per
decade (Keyser et al. 2000). Average maxi-
mum temperatures increased per decade

maximum temperatures; the lowest (cool-
est) temperatures have warmed more than
the highest (hottest) temperatures. (Staf-
ford et al. 2000; Alaska Climate Research
Center, Geophysical Institute 2009).
Per decade average minimum tempera-
tures increased by 0.23°C (0.41°F) during
the summer and 0.35°C (0.63 °F) dur-
ing the winter, and spring minimum tem-
peraturesincreased an average of 0.47°C
(0.85°F) per decade. (Keyser et al. 2000).

+ Alaska’s mean annual diurnal temperature

ranges (difference between maximum and
minimum temperatures) decreased 0.3°C
(0.5°F) between 1949 and 1998. In the
Interior and the Arctic, the winter mean
diurnal temperature ranges decreased by
0.6 to 0.9°C (1.1 to 1.6°F) respectively.
Both summer and autumn showed slight
increases in mean diurnal temperature
ranges (Stafford et al. 2000).

Fairbanks experienced a general warming
trend from 1906 to 2006. The mean an-
nual temperature increased 1.4°C (2.5°F)
compared to 0.8°C (1.44°F) worldwide.
Temperatures increased during the win-
ter, spring, and summer seasons, while
autumn showed a slight decrease in tem-
perature. The number of days with very
low temperatures (less than -40°C) has
decreased, on average, from 14 to 8 days
annually (Wendler and Shulski 2009).

+ An increase in the length of the growing

season in Fairbanks was observed from
1906 to 2006. For the 0°C (32°F) freezing
point, the growing period increased from
85 to 123 days (45%). At -2.2°C (28°F), the
temperature threshold for frost-resistant
plants, the growing season increased from
113 to 144 days, or 27% (Wendler and Shul-
ski 2009).

From 1982 to 2008, summer tundra land
temperatures, as measured by the summer
warmth index (sum of the monthly mean
temperatures that are above freezing), in-
creased 24% for the northern hemisphere
as a whole; the North America Arctic tun-
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the 21st century, with the most significant
changes in the northwest U.S. (Meehl et
al. 2004).

%ast“l’eklanlka Glacier, DENA, S.R. Capps, 1919

« Models predict that the mean number of
frost days in the Boreal and Arctic biore-
gion will decrease by between 20 and 40
days per year by the end of the 21st cen-
tury, as compared with trends from 1961
to 1990 (Meehl et al. 2004).

« Models based on mid-range (A1B) emis-
sions scenarios project that by 2091, av-
erage monthly temperatures for Barrow,
where the Inupiat Heritage Center is lo-
cated, will increase by 1.1 to 2.8°C (2.0°F
to 5.0°F) during the summer months and
8.9 to 14.6°C (16.0 to 26.0°F) during the
winter months (Scenarios Network for
Alaska Planning 2009a). These models also
predict that temperatures in Kotzebue, the
closest large community to the Western
Arctic National Parklands, will increase 3
to 5 times more in the winter than in the
summer by the year 2091. Two months
that historically had average tempera-
tures below freezing will increase to above
freezing by 2061 (Scenarios Network for
Alaska Planning 2009b).

<
(34
>
|9}
=
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=

Vegetation X
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Wildlife

What scientists think is possible....

\

« Annual mean temperatures are predicted
to increase at an average rate of 0.56°C
(1.0°F) per decade for Alaskan National
Park units and the Yukon Flats National
Wildlife Refuge. Average winter tempera-
tures for the national park units are pre-
dicted to increase by 5.6 to 7.8°C (10.1 to
14.0°F) by 2080 (Rupp and Loya 2009a, b,
¢ d,e, f,g h).

Comparison photos of Teklanika
Glacier in Denali National Park
show glacial retreat.; NPS photo.

dra experienced a 30% increase in summer
land temperatures (Walker et al. 2009).

« Since the mid-1960s, the melt date (date of
final snowmelt) in northern Alaska has ad-
vanced by about 8 days (Stone et al. 2002).

Disturbance

+ The majority of Alaskans polled anticipate
that global climate change will result in
more comfortable temperatures (Leise-
rowitz and Craciun 2006).

» Modeling indicates that average annual
temperatures in the Bering Land Bridge
National Preserve, Denali National Park
and Preserve, Yukon-Charley Rivers Na-
tional Preserve, and Yukon Flats National
Wildlife Refuge are predicted to shift from

What scientists think is likely....

Cultural Resources

« Warmer arctic temperatures in spring are

Visitor Experience .
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projected to lead to earlier sea ice break-
up; warmer fall temperatures could lead
to delays in autumnal sea ice development
(Comiso 2003; Overland et al. 2002).

« Models predict an overall decrease in the

number of frost days (days with a night-
time temperature below 0°C) by the end of

below freezing to above freezing during
the 21st century (Rupp and Loya 2009;
Rupp and Loya 2009a, b, h).

By the end of the century, the growing
season in Yukon Flats National Wildlife
Refuge could be 1 month longer than it is
currently (Rupp and Loya 2009).



(Top) Ruth Glacier at Denali Na-
tional Park; NPS photo. (Bottom)
Sea ice in the Beaufort Sea, in
the Arctic Refuge coastal plain,
with the Brooks Range Moun-
tains in the background; USFWS
photo.

B. THE WATER CYCLE

What scientists know....

« All Alaskan glaciers below ~1500 m

(4,905ft) in elevation are melting, and
many of Alaska’s 100, 000 glaciers (includ-
ing tidewater formations) are retreating
and/or thinning (Molnia 2007, 2008). In
Denali National Park and Preserve many
of the glaciers are retreating an average of
66 ft per year (Adema et al. 2007).

+ The melting rate of glaciers throughout

Alaska has increased in recent decades,
as has their contribution to sea level rise
(Dyurgerov and Meier 2000; Larsen et
al. 2007a). From the mid 1990s to the
early 2000s, the rate of glacial thinning in
Alaska tripled compared to the mid 1950s
to mid-1970s time period; the loss of ice
during this period was equivalent to nearly
twice the estimated annual loss of ice from
the Greenland Ice Sheet. Over the last
half of the 20th century, Alaska glaciers

contributed the largest single measured
glaciological contribution to sea level, with
a total annual volume change of -52 * 15
km?3/year (12.3 * 3.6 miles®) water equiva-
lent, which equates to a rise in sea level of
0.14mm # 0.04 mm/year, (0.006 + 0.002 in/
year). (Arendt et al. 2002).

Changes in sea ice in both the Arctic Ocean
and the Bering Sea have been observed;
for example, ice cover on the Bering Sea
shelf decreased significantly from 1954 to
2006 (Mueter and Litzow 2008), and a
net thinning of the Arctic sea ice by ~0.6m
(1.97 feet) was observed between 2004
and 2008. In addition, there has been a
decrease in the amount of perennial sea
ice, and the the 2009 summer sea ice mini-
mum was the third-lowest recorded since
1979, and 2007 was the lowest (Perovich
et al. 2009).

The Arctic Ocean sea ice melt season has
increased by 6.4 days per decade between
1979 and 2007 (Hansen 2010).

Spring break-up on the Tanana River has
advanced by 0.71 days per decade co-
inciding with increases in spring surface
temperature in interior Alaska (80+ years
of data) (Keyser et al. 2000).

Snow patterns at Barrow, Alaska, have
changed in the past five decades. From
1972 to 2000, the duration of the snow-
free period increased by 3 to 6 days per de-
cade, and the first week in spring without
snow cover shifted to 3 to 5 days earlier
per decade (Dye 2002). In addition, the
snow melt date has advanced by 8 days
since the mid-1960s (Stone et al., 2002).

Observed decreases in snow and ice extent
reduce the albedo (proportion of solar
radiation reflected by a surface) of the
surrounding land surface (Richter-Menge
and Overland 2009). With a reduction in
the albedo of northern Alaska, both from
reduction of snow and loss of sea ice, more
of the sun’s energy will be absorbed rather
than reflected, creating a positive feed-
back loop of increasing temperatures. This
positive feedback leads to more ice melt, a
delay in fall ice formation, and reduced sea
ice volume (Francis et al. 2009).
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Temperature

Vegetation I Water Cycle ‘

a

Wildlife

Disturbance ‘

Visitor Experienc‘ Cultural Resource‘

Riordan et al.®'*

Ponds across Alaska, including those shown above in the
northeastern interior of the state, have shrunk as a result of
increased evaporation and permafrost thawing. The pond in
the top pair of images shrunk from 180 to 10 acres; the larger
pond in the bottom pair of images shrunk from 90 to 4 acres.

Aerial photos show ponds
shrinking over time due to in-
creased evaporation and perma-
frost thawing. Copyright Rior-
dan et al.

National Park Service 7

In western and interior Alaska, mean an-
nual precipitation increased by 7 to 9%
between 1949 and 1998. Precipitation in
western Alaska increased by 25% in win-
ter, 21% in autumn, and 17% in spring;
summer precipitation decreased by 11%.
In the interior, autumn precipitation in-
creased by 19%, with slight increases dur-
ing the other seasons (Stafford et al. 2000).

In the Arctic, the mean annual and sea-
sonal precipitation decreased significantly
between 1949 and 1998. Annual precipita-
tion decreased by 36%, with the greatest
decrease observed in the winter (106%)
and the least decrease in the summer
(16%) (Stafford et al. 2000).

Warmer temperature and altered precipi-
tation patterns are leading to an increase
in the average annual discharge of fresh
water from rivers to the Arctic Ocean,
ultimately contributing to sea level rise.
A 7% increase in discharge was observed
from 1936 to 1999 for the six largest Eur-
asian rivers (Peterson et al. 2002). From
2000-2007, a 10% increase was observed
in the rate of fresh water discharge, as
compared with average discharges from
1936 to 1999. Similarly, a 6% increase in

the mean discharge was observed in North
American Arctic rivers from 2000 to 2007,
as compared with the 1973-1999 average
(Shiklomanov 2009).

From the 1950s to 2000s, closed-basin
ponds in boreal regions decreased in area
and number; the area of subarctic ponds
decreased by 4 to 31%, whereas Arctic
ponds did not show a marked change in
pond area (Riordan et al. 2006). During the
same time period, 22 out of 24 ponds being
studied near Council, Alaska decreased in
area (Yoshikawa and Hinzman 2003).

In 2004, a retrogressive thaw slump (slope
failure resulting from thawing permafrost)
occurred on the upper Selawik River in
the Selawik National Wildlife Refuge as
a result of thawing permafrost. The Se-
lawik slump is the largest of its kind in
North America. It is increasing in size and
projected to increase for decades. The
slump covers an area of 8.7 acres and as
of 2009 has deposited approximately 12.6
million ft3 of sediment into the Selawik
river (Crosby 2009).

« As permafrost thaws, thermokarst fea-

tures, such as ponds, form. The thawing
also results in an increase in surface water
runoff, increased ocean storage of fresh-
water, increased albedo, and an increase in
the depth of the active layer of the perma-
frost (soil overlaying the permafrost that
experiences seasonal thawing and freez-
ing) (Francis et al. 2009).

What scientists think is likely....

+ Acidification of Alaska’s oceans is occur-

ring at a faster rate than in tropical waters.
Cold water, shallow continental shelves,
and high productivity of Alaska’s marine
waters facilitate the increased absorp-
tion of COz2, reduced deep water circu-
lation, and decomposition, respectively;
all contribute to increased acidification
compared to other regions (University of
Alaska Fairbanks 2009).

Models predict that precipitation will in-
crease in all national park units in this
bioregion from 12 to 33% in the sum-
mers and 25 to 65% in the winter months.



A cottongrass field in Gates of
the Arctic. Cottongrass is an im-
portant food source for arctic
snow geese; NPS photo.

Due to increased evapotranspiration (the
transport of water into the atmosphere
from surfaces, including soils and veg-
etation) from temperature increases and
lengthened growing seasons, summer and
fall seasons will be drier than they are cur-
rently (Rupp and Loya 2009a, b, ¢, d, e, f, g,
h). By 2035, Yukon Flats National Wildlife
Refuge is predicted to be 10% drier; by
2075, 25% drier in summer and fall (Rupp
and Loya 2009).

Evidence from studies conducted in south-
east Alaska indicates that as watersheds
become deglaciated and plant succession
occurs, inputs of organic carbon and inor-
ganic nitrogen into streams will be altered,
thereby changing the land-to-ocean fluxes
of nutrients (Hood and Durelle 2008).

As temperatures increase in the Arctic, the
sea ice extent decreases. Reduced sea ice
extent will have an effect on land tempera-
ture, potentially extending up to 1,500 km
(930 miles) inland; higher temperatures on
land will contribute to more rapid perma-
frost thawing and further loss of sea ice.
Water vapor will also likely increase as a
result, leading to increased precipitation
(Lawrence et al. 2008, Francis et al. 2009).

What scientists think is possible....

Recent projections of the contribution of
glaciers and ice caps to sea level rise are
higher than were determined in previous
assessments. Current projections suggest
that glaciers and ice caps may exceed or
equal the contribution of the Greenland

C.

and Antarctic ice sheets to sea level rise
throughout the next century; the volume
of the glaciers and ice caps will be de-
creased less than 35%, leaving substan-
tial volume for additional future melting
(Meier et al. 2007).

VEGETATION

What scientists know....

Based on a meta analysis of studies ex-
amining phenological shifts (shifts in life
cycle processes), species at higher latitudes
are more sensitive to climatic change than
species that exist at lower latitudes (Root
et al. 2003).

Climate has demonstrably affected ter-
restrial ecosystems through changes in
the seasonal timing of life-cycle events
(phenology), plant growth responses (pri-
mary production), and biogeographic
distribution (Parmesan 2006; Field 2007).
Statistically significant shifts in Northern
Hemisphere vegetation phenology, pro-
ductivity, and distribution have been ob-
served and are attributed to 20th century
climate changes (Walther 2002; Parmesan
and Yohe 2003; Parmesan 2006).

Between 1980 and 2000, vegetation re-
sponses mainly to changes in temperature
resulted in an observed trend toward ear-
lier spring budburst and increased maxi-
mum leaf area at high northern latitudes
(Lucht et al. 2002). In the Arctic, there
is evidence of earlier plant greening and
later plant senescence (seasonal die-off)
(Griffith et al. 2001, Stow et al. 2003).

Based on over 40 years of data collect-
ed across Alaska, the growing season has
lengthened by an average of 2.6 days per
10 years (Keyser et al. 2000). Onset of the
growing season occurred 5.6 days earlier
between 1982 and 1991, 3.9 days later be-
tween 1991 and 1992 (attributed to the
eruption of Mount Pinatubo), and 1.7 days
earlier between 1992 and 1999 (Tucker
et al. 2001). On average, an advance in
average leaf onset date of 1.10 days per 10
years was observed between the 1950s and
1990s (Keyser et al. 2000).
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est in Yukon Flats National Wild-
life Refuge (top); wild berries in
Innoko National Wildlife Refuge
" (bottom). USFWS photos.
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¢ Increases in temperature and CO2 be-

tween the 1980s and the 2000s resulted
in increased photosynthetic activity or
growth on tundra ecosystems, including
a 7% increase in Arctic tundra and 11% in
North American tundra (Goetz et al. 2005;
Walker et al. 2009).

Net primary production (photosynthesis)
for both aspen (Populus tremuloides) and
white spruce (Picea glauca) stands in Alas-
ka and northwestern Canada increased by
20% with the advance in the start of the
growing season (Keyser et al. 2000). How-
ever, tree-ring records indicate that ra-
dial growth in interior white spruce stands
has decreased with increasing tempera-
ture, due to temperature-induced drought
stress (Barber et al. 2000).

Tree growth, measured from tree-ring
chronologies, increased from 1900-1950
at almost all sites at and near alpine and
arctic treelines; significant declines in tree
growth were common after 1950 in all sites
but those in the Alaska Range, and de-
clines were most common in the warmer
and drier sites at or near alpine and arctic
treeline (Lloyd and Fastie 2002).

Based on current and historical photo-
graphs from the Arctic, a widespread
increase in shrub abundance, primarily
along hillsides and valleys, occurred from
the 1940s to 2000s (Sturm et al. 2001; Tape
etal. 2006).

» Arctic wetland emissions of methane, a

powerful greenhouse gas, increased by

31% between 2003 and 2007 due to tem-
perature increases (Bloom et al. 2010).

What scientists think is likely....

+ Land use changes in the boreal region may

result in greater soil carbon losses than
in other areas. If forests are converted
to agricultural land, the resulting carbon
losses could induce a positive feedback to
climatic warming (Griinzweig et al. 2004).

In the Arctic, warming air temperatures
may result in large areas of tundra being
converted to shrubland, amplified by a
positive feedback cycle in which shrub
abundance leads to deeper snow, which
promotes higher winter soil temperatures,
greater microbial activity, and more plant-
available nitrogen; high levels of soil nitro-
gen in turn favor shrub growth the follow-
ing summer (Sturm et al. 2005).

Drought stress in the boreal forests limits
carbon uptake. If this trend continues,
the carbon sequestration capacity of these
forests may decrease over time (Barber et
al. 2000).

Modeling exercises indicate that boreal
tree ecotones exhibit varying responses to
warming, and therefore treeline advance-
ment will vary spatially and temporally
(Lloyd et al. 2003).

During nine years of experimental climate
change manipulations on tundra vegeta-
tion, there was a loss of 30 to 50% of the
plant species being studied; evergreen
shrubs and understory forbs (rarer spe-
cies) declined more strongly than other
species or disappeared completely (Chap-
in et al. 1995). A “greenhouse climate”
simulation also indicates a reduction in
the areas occupied by forbs, lichens, and
mosses, and a northward shift of shrubs
and forested areas, particularly evergreen
forests (Kaplan et al. 2003).

What scientists think is possible....

+ All members of the genus Picea except

P. sitchensis, and Pinus banksiana exhib-
ited stronger-than-expected declines in
growth rates with warmer temperatures,
likely due to conditions such as direct



The birthing season for moose is
closely linked to climatic trends
that provide the most hospi-
table conditions for bearing and
rearing young; climate change
may hinder moose calf survival
by throwing this relationship
out of sync. NPS Photo.

o TR L TR

temperature stress, temperature-mediated
drought stress, and in some cases air pollu-
tion. (Lloyd and Bunn 2007).

Treelines will advance into areas currently
occupied by Arctic tundra, altering eco-
system nutrient availability (Burkett et al.
2005).

A variety of future climate scenarios for
vegetation distribution in interior Alaska
show black spruce (Picea mariana) as the
emergent dominant vegetation type. A sce-
nario of warming coupled with increasing
wildfire activity resulted in the greatest ex-
pansion of black spruce (Calef et al. 2005).

A model of the effects of climate warm-
ing on Arctic plant communities showed
different responses in the short term (2
years), longer term (50 to 75 years) and
at 200 years. After 200 years, community
composition was not typical of vegetation
today. The model showed an increase in
lichen, decrease in sedges, and increases in
deciduous and evergreen shrubs (Epstein
et al. 2000).

Models predict that by 2050, warmer, drier
conditions and associated increased wild-
fire activity will alter the vegetation com-
position of Yukon Flats National Wildlife
Refuge and similar lands. A decline in
the proportion of mature trees and shift
to earlier successional plant communities
was predicted, with deciduous forests re-
placing white and black spruce forests,
which could experience a 50% decline
(Rupp and Loya 2009).

D. WILDLIFE

What scientists know....

A meta analysis of climate change effects
on range boundaries in Northern Hemi-
sphere species of birds, butterflies, and
alpine herbs shows an average shift of 6.1
kilometers (3.8 miles) per decade north-
ward (or meters per decade upward), and
a mean shift toward earlier onset of spring
events (frog breeding, bird nesting, first
flowering, tree budburst, and arrival of mi-
grant butterflies and birds) of 2.3 days per
decade (Parmesan and Yohe 2003 ).

An increase in Porcupine caribou calf
survival observed from 1985 to 1996 can
be attributed to increased temperatures
which led to an increase in available for-
age for female caribou during calving and
lactation (Griffith et al. 2001; Griffith et al.
2002).

The body size of masked shrews in Alaska
increased significantly during the second
half of the twentieth century. Evidence in-
dicates that warmer winter weather condi-
tions increased the survival rate of shrew’s
prey (small invertebrates that are sensitive
to the cold), providing greater food avail-
ability for the shrew (Yom-Tov and Yom-
Tov 2005).

Thirty percent of the Pacific brant (Branta
bernicla nigricans) population, a migratory
goose species, now spends their winters in
Alaska instead of migrating south to Mex-
ico, whereas in the past only 10% of the
population wintered in Alaska. This shift
in migration patterns corresponds with
warming regional temperatures (Ward et
al. 2009).

Hatch dates for geese and spectacled ei-
ders on the Yukon-Kuskokwim delta have
advanced by 5 to 10 days in the past 25
years. May temperatures, timing of river
ice breakup, and onset of the snow-free
period on the tundra are correlated with
hatch dates (Fischer et al. 2009).

Both common and thick-billed murres
(Uria aalge and Uria lomvia, respectively)
showed population reductions with large
sea surface temperature shifts in either
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Wildlife

A Bluethroat Thrush perched in
the Yukon Delta National Wild-
life Refuge. Over 300 bird spe-
cies in Alaska shifted their pop-
ulation centers between 1966
and 2004. USFWS photo.

Historically, about 10% of the
Pacific Brant population win-
tered in Alaska. The number is
now closer to 30%, and corre-
sponds with warming tempera-
tures. USGS photo.

National Park Service 11

direction (Irons et al. 2008), but breed-
ing productivity for these seabirds was
found to be greater when summer sea
surface temperatures were colder (Byrd et
al. 2008).

On the Pribilof Islands in the Bering Sea,
red-legged and black-legged kittiwakes,
small seabirds in the gull family, bred ear-
lier and hatch dates progressed by 0.58 to
0.88 days per year between 1975 and 2006.
For both species of kittiwakes, produc-
tivity appears to be higher when nesting
begins earlier, when ice is abundant near
foraging grounds, and in winter and spring
when sea surface temperatures cool. (Byrd
et al. 2008).

The Audubon Christmas Bird count, a
citizen science project, has documented
that the center of the mean annual lati-
tudinal center of abundance for over 300
bird species shifted northward nearly 35
miles (56.4 km) between 1966 and 2004.
There is a significant correlation between
temperature trends and shifts in the center
of abundance. The mean latitudinal shift
for the pine siskin, a small finch and year-
round resident of southern Alaska, was
approximately 288 miles (463.7km) north
(Niven and Butcher 2009).

The timing of the plankton bloom in the
Bering Sea is associated with sea ice edge
and extent. For example, late seasonal ice
retreat supports benthic (bottom-dwell-
ing) organisms that are an important food
resource for marine species. In contrast,
ice-free periods or early ice retreats sup-
port a mainly pelagic (upper ocean) eco-

system (Hunt and Stabeno 2002; Hunt et
al. 2002; Overland and Stabeno 2004). An
increase in air and ocean temperatures,
a reduction in sea ice, reduction benthic
prey populations, and an increase in pe-
lagic fish resulted in a shift in marine mam-
mal population distributions (Grebmeier
et al. 2006).

From 1982 to 2006, fish and invertebrate
species shifted northward an average of
34 + 56 km (21 % 35 miles) in response
to the northward retreat of the southern
edge of the cold water pool on the Bering
Sea shelf. A reorganization of community
composition was also observed (Mueter
and Litzow 2008).

What scientists think is likely....

Changes to the terrestrial and aquatic spe-
cies compositions in parks and refuges are
likely to occur as ranges shift, contract, or
expand. Rare species and/or communities
may be at further risk, and additional spe-
cies could become rare (Burns et al. 2003).

Parks and refuges may not be able to meet
their mandate of protecting current spe-
cies within their boundaries, or in the case
of some refuges, the species for whose
habitat protection they were designed.
While wildlife may be able to move north-
ward or to higher elevations to escape
some effects of climate change, federal
boundaries are static (Burns et al. 2003).

Models suggest that the distribution of the
little brown bat will expand northward in
Alaska in the next century in response to
warming temperatures and shorter win-
ters in its current range (Humphries et al.
2002).

Of the 83 species of arctic and alpine birds,
72% are considered moderately or high-
ly vulnerable to the impacts of climate
change, primarily due to their long-dis-
tance migrations and their reliance on arc-
tic and alpine habitats that are vulnerable
to effects of climate change (NABCI 2010).

As trees and shrubs encroach on areas cur-
rently occupied by tundra, arctic and al-
pine breeding birds’ breeding habitats may
be reduced or eliminated (NABCI 2010).



Nearly all threatened spectacled
eiders spend the winter in a
small area of ocean and sea ice
south of St. Lawrence Island
in the Bering Sea. This picture
shows tens of thousands of
spectacled eiders roosting in an
open lead of the ice pack. US-
FWS photo.

Coastal seabirds such as the arctic ivory
gull, (Pagophila eburnea), aleutian tern
(Onychoprion aleuticus), and Kittlitz’s
murrelet (Brachyramphus brevirostris)
show medium or high vulnerability to cli-
mate change due to their low reproduc-
tive potential and their reliance on marine
food webs that are also threatened by cli-
mate change (NABCI 2010).

Kittlitz’s murrelets are closely associated
with glaciated fjords and coastlines. With
glacial retreat, important habitats will be
lost and Kittlitz’s populations may decline
(USFWS 2006).

Thawing permafrost may result in chang-
es in the distribution and abundance of
waterfowl, shorebirds, and gulls due to
shifts in the types and locations of plant
communities and changes in surface water
availability; contaminants such as mercury
and organic pollutants may also be re-
leased into the aquatic environment as the
permafrost thaws, increasing contaminant
exposure for birds that rely on the marine
ecosystem for food (NABCI 2010).

Boreal forest birds will expand into the
arctic as climate changes, causing new avi-
an communities to develop (NABCI 2010).

Arctic marine mammals that are closely
linked to sea ice, such as the polar bear,
are predicted to be the most sensitive
to climate change (based on an index of
population size, geographic range, habitat
specificity, diet diversity, migration, site
fidelity, sensitivity to changes in sea ice,
sensitivity to changes in the food web, and

maximum population growth potential
(Laidre et al. 2008).

+ As sea surface temperatures change, the

distribution of plankton and forage fish
will change and as a result, seabirds and
marine mammal forage patterns, distri-
bution, and population dynamics change
(Hunt et al. 2002; Irons et al. 2008, Meehan
etal. 1999).

In the northern Chukchi Sea and in the
Canada Basin of the Arctic Ocean, an un-
dersaturation of aragonite (a mineral es-
sential for developing the shells or calci-
um-carbonate skeletons of some marine
fauna) has occurred due to ocean acidi-
fication and freshwater influx from sea
ice melting (Bates et al. 2009; Yamamoto-
Kawai et al. 2009). Models show that high
latitude ocean waters could become un-
dersaturated with magnesium-calcite min-
erals of higher solubility than aragonite in
less than a few decades due to ocean acidi-
fication (Andersson et al. 2008). This un-
dersaturation has potential to cause pro-
found shifts throughout arctic ecosystems,
and may ultimately affect survival of large
animals such as walruses, gray whales, and
some birds as the planktonic and bethic
organisms they eat become more scarce
(Bates et al. 2009).

Ocean acidification is likely more rapid
and severe in Alaska than in tropical wa-
ters, and will make shell building more
difficult for pteropods, oysters, crabs and
other shelled marine animals. It will also
impact growth, reproduction, and sur-
vival of many marine organisms, includ-
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Wildlife

A bearded seal hauls out on sea
ice. Sea ice in the Arctic is rap-
idly decreasing due to warmer
temperatures (top); Ocean

acidification will affect the food
sources of marine mammals like
walruses (bottom); USFWS pho-
tos.

National Park Service 13

ing pteropods, which make up nearly half
of the pink salmon’s diet (University of
Alaska Fairbanks 2009).

Changes in marine community organiza-
tion in the Bering Sea caused by warming
climate and associated loss of sea ice will
alter availability of snow crab and other
fisheries resources (Mueter and Litzow
2008)

What scientists think is possible....

+ Changing vegetation cover in many park
areas will affect wildlife species dependent
on those habitats. Animals may eventually
occupy landscapes vacated by glacial ice,
and utilize new alpine lakes after ice is
gone (Burkett et al. 2005).

The synergism of rapid temperature rise
and stresses such as habitat destruction
may disrupt connectivity among species,
lead to reformulation of species commu-
nities, and result in numerous extirpations
and/or extinctions (Root et al. 2003).

» The population cycles of birds and their
prey, such as spruce budworm, will be
decoupled in some Boreal areas due to
warming temperatures (Burkett et al. 2005;
Juday et al. 2004).

Predicted changes in arctic vegetation
from tundra to taiga and boreal forest
could result in millions of geese losing
nearly half of their breeding habitat (Z6ck-
ler and Lysenko 2001).

Glacier ice worm populations, which rely
on a very limited temperature range, are
in danger of local extinctions in Denali
National Park and Preserve and the Alaska
Range as glaciers melt (Shain 2009).

An analysis of potential climate change
impacts on mammalian species in U.S. na-
tional parks indicates that with a doubling
of atmospheric CO2, about 8% of current
mammalian species diversity may be lost
on average. The greatest losses across all
parks occurred in rodent species (44%),
bats (22%), and carnivores (19%). Species
are projected to decline in direct propor-
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