Loss of 12 of GNP’s 37 Named Glaciers
1966 Area

Glacier

2005 Area

Change

1,589,174

1,039,077

-34.6%

589,053

511,824

-13.1%

117,111

77,510

-33.8%

2,334,983

1,787,640

-23.4%

Boulder Glacier

230,913

55,159

-76.1%

Carter Glacier

273,834

202,696

-26.0%

Chaney Glacier

535,604

379,688

-29.1%

Agassiz Glacier
Ahern Glacier
a

Baby Glacier

Blackfoot Glacier
a

b

452,211

241,940

-46.5%

a, b

29,135

20,379

-30.1%

Grinnell Glacier

1,020,009

615,454

-39.7%

152,694

34,526

-77.4%

Harrison Glacier

2,073,099

1,888,919

-8.9%

a

170,162

53,550

-68.5%

Hudson Glacier

101,288

34,197

-66.2%

Ipasha Glacier

321,745

212,030

-34.1%

Jackson Glacier

1,541,217

1,012,444

-34.3%

Kintla Glacier

1,728,828

1,136,551

-34.3%

503,298

302,146

-40.0%

138,523

67,369

-51.4%

296,139

131,298

-55.7%

N. Swiftcurrent Glacier

116,651

79,117

-32.2%

Old Sun Glacier

421,254

370,257

-12.1%

Piegan Glacier

280,107

250,728

-10.5%

1,489,137

1,257,211

-15.6%

1,284,070

1,164,060

-9.3%

Red Eagle Glacier

206,576

97,149

-53.0%

Salamander Glacier

225,621

172,916

-23.4%

Sexton Glacier

400,444

276,780

-30.9%

Shepard Glacier

250,609

110,254

-56.0%

Siyeh Glacier a

215,420

56,698

-73.7%

1,339,244

874,229

-34.7%

Swiftcurrent Glacier

261,410

223,519

-14.5%

Thunderbird Glacier

358,284

238,331

-33.5%

Two Ocean Glacier

428,828

275,022

-35.9%

649,267

315,001

-51.5%

Weasel Collar Glacier

592,420

553,018

-6.7%

Whitecrow Glacier

373,439

196,228

-47.5%

19,890,542

16,314,914

-18.0%

Dixon Glacier
Gem Glacier

a, b

Harris Glacier

Herbst Glacier

a

b

Logan Glacier
a

Lupfer Glacier

c

Miche Wabun Glacier

a

Pumpelly Glacier
Rainbow Glacier
a, b

c

Sperry Glacier

Vulture Glacier

TOTAL

b

future changes. Using then-current
climate assumptions and models, Hall
and Fagre projected that basin temperatures in July and August could be 1.9°F
hotter by 2030, compared to 1990. Even
that relatively modest temperature
increase, they estimated, would overwhelm the effects of a projected slight
increase in precipitation, leading by 2030
to the elimination of all remaining glaciers
in the basin.
Since Hall and Fagre's 2003 projection,
GNP’s glaciers have melted faster than
expected. In October 2007, based on the
melting of Blackfoot Glacier, Fagre said,
“[W]e're about eight and a half years
ahead of schedule … Our initial projection has proved too conservative. They're
47
going faster than we thought.” Fagre
now says the glaciers in this basin could
be gone “perhaps as early as 2020.”48
In early April 2010, the USGS’s Northern
Rocky Mountain Science Center completed an update, as of 2005, of all 37
named glaciers (and remnants) in GNP.49
That inventory, reproduced in Table 5,
showed that by 2005 ten glaciers had
melted away to the point that they were
no longer large enough that USGS
considers them to still be glaciers – using
a threshold of 100,000 square meters
(about 25 acres), below which the
remaining ice generally is stagnant and
does not move. Two other glaciers were
estimated to be below this threshold as of
2010, based on their recent rate of
melting. So only 25 of the park’s 37
named glaciers remain.

“Observed and projected changes in
glacial extent may have a negative
effect on the number of visitors
to Glacier National Park.”
National Park Service (2009)50

Table 5. Area in square meters. aToo small to
still be considered a glacier. bArea estimated.
c
Estimated to be too small as of 2010 to be
considered a glacier. Source: Northern Rocky
Mountain Science Center, USGS (2010).51

Scientists consistently project a future loss of
snow in the region as the climate keeps getting
hotter. A recent example is a new study by
Celine Boisvenue, now at the Canadian Forest
Service, and Steven W. Running, of the
University of Montana.57 They assessed possible
future climate-change impacts on forests in the
northern Rocky Mountains in a higher-emissions
future, using six representative sites including
the Summit weather station just outside Glacier's
southern border. (For more, see section 7.) The
results suggest major changes in snowpacks
and snow cover in Glacier. By 2089, the peak
snowpack level of a year at the Summit station
would occur on average about February 25,
compared to about April 8 in 1950. In other
words, snowpacks would stop accumulating and
begin melting 41 days earlier. Another projection
from the study is that snow would cover the
ground for about 70 fewer days, on average, by
2070-2089. As measured by this key condition,
the length of Glacier's winters could be
shortened by more than two months. (For more
on the ecosystem effects, see the next section.)

LOSS OF SNOW-CAPPED MOUNTAINS
Snow-covered mountains contribute to the
Glacier's spectacular scenery that draws visitors.
But more heat, less snowfall, and earlier
snowmelt are already leading to less snow
coverage of many western mountains.
University of Washington researchers have
shown that April 1 snowpack levels at most of
824 government snowpack measurement sites
across the West declined between 1950 and
2002 – including at all sites in western
52
Montana. The greatest declines were found in
areas of relatively mild winters, where warming
of a few degrees would more often mean that
precipitation would be rain rather than snow, and
more often lead to earlier snowmelt. For this and
other reasons, the researchers concluded that
the pattern of the snowpack declines points to
the higher winter temperatures occurring in the
West as the cause.
Other studies have found similar western
snowpack declines, again especially at lower
elevations; a decline in land covered by snow in
winter and spring; a shift of winter precipitation
from snow to rain; and earlier spring snowmelt.53
Three recent studies attribute up to about 60%
of these observed West-wide changes to the
effects of human emissions of heat-trapping
pollutants.54 The observed reduction in western
snowpack has been cited by the Intergovernmental Panel on Climate Change as one of
seven key indicators that climate change is
55
underway in North America.

One consequence would be that snow-covered
mountains would not last as long into the
summer, when most visitors come to Glacier.
These snow-capped peaks are a major part of
GNP’s spectacular scenery, which is cited by
63% of park visitors as the primary reason they
come to GNP. (See page 4.) Less spring snow
would also mean a shorter season for crosscountry skiing and snowshoeing in the park.

An analysis of snowpack levels within the Crown
of the Continent area (including Glacier National
Park) through 2002 found a decline in most
snowpack levels in the area, but no significant
trend at the three measurement sites in Glacier
56
itself, which have records going back to 1922.
The researchers concluded that winters in the
high-elevation areas of the park have stayed
cold enough so far, despite the warming that has
occurred, to avoid a reduction in snowpacks at
the three park sites. But they also found, though,
that despite a 10% increase in annual levels of
overall precipitation from 1922 to 2002, there
has been no corresponding increase in snowpacks, suggesting a shift in GNP precipitation
from snowfall to rainfall or earlier snowmelt, or
both, over this period.

.
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A loss of snow also makes the park drier in late
summer, affecting ecosystems (see section 5),
wildlife (section 6), plant communities (section
7), wildfires (section 8), and fishing (section 9).

5

LINTRODUCTION
OSS OF WATER

Glacier’s summers are likely to be drier,
causing ecosystem water stresses.

summers drier. Glacial ice melts in summer and
the meltwater contributes to summer streamflows. In years when summer rainfall is low that
meltwater is especially important to ecosystems.
But as GNP’s glaciers have melted away, there
is less ice to produce more meltwater. Fewer
watersheds in the park even contain glaciers; 23
60
used to, but only 14 still do.

I

n Glacier National Park, as across the interior
West, changes in the climate are likely to
reduce water availability in summer, when it is
most needed by wildlife, plants, and entire
ecosystems. This is already underway in Glacier
and elsewhere in the West. The loss of summer
water is expected to become more pronounced
as human emissions of heat-trapping pollutants
continue changing the climate.

“We have several lakes that seem to
be totally dependent on glaciers and
snowmelt for fall flows. They're
not doing well.”
Wade Fredenberg
U.S. Fish and Wildlife Service (2007)61

Higher winter and spring temperatures have
already moved peak spring streamflows from
snowmelt to earlier in the year. According to the
principal study on this point, by 2000 across
western North America, peak streamflows were
already occurring one to four weeks earlier in
snowmelt-dominated streams.58 In Montana, the
peaks of streamflow were earlier on all

Most scientific projections are for late summers
in this region to continue getting drier. A study
by Celine Boisvenue and Steven W. Running
(see section 7) included projections of much
62
drier summer conditions in Glacier. The climate
models and scenarios they used projected that
late-summer dry periods would become six to
eight weeks longer than normal, resulting from
the effects of higher temperatures on snow
levels and snowmelt.

“Future projections for most
snowmelt-dominated basins in
the West consistently indicate
earlier spring runoff, in some
cases up to 60 days earlier.”

It also is possible that Glacier will get less rain in
summer. Downscaled results from most current
global climate models project, on average, a
slight decrease in summer precipitation for this
region.63 However, global climate models are not
yet judged reliable in projecting future regional
precipitation trends, especially in an area like
GNP, because they do not yet adequately
represent the effects of mountain topography or
64
oceanic influences on inland precipitation.

59

U.S. Global Change Research Program (2009)

measured streams, by periods ranging from
about 5 days to over 20 days. Warmer winter
and spring temperatures are primary drivers of
the earlier streamflow, this study documents.
This shift in the timing of streamflows does not
mean that there is less overall streamflow, but it
does mean that flows are higher earlier in the
year and lower later in the year. As a result,
ecosystems are drier in the summer, as well as
hotter.

The combination of hotter and drier conditions
that is forecast for Glacier would harm the park's
wildlife (see section 6), plant communities
(section 7), and fishing (section 9), and also
would increase wildfires (section 8.)

In Glacier, a loss of glaciers is also making
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INTRODUCTION
LOSS
OF WILDLIFE
WHOLESALE SPECIES CHANGES

Glacier gives Americans their best chance
of seeing the full range of this continent’s
large, native animals. But human-caused
changes to the climate may disrupt the
park’s natural mix of species.

Glacier is at risk to these impacts. The park's
staff has expressed concern to the authors of
this report that as a result of the hotter and drier
climate projected by scientists the park “potentially faces wholesale changes in species
67
composition.”

O

ne of the glories of Glacier is the diversity of
wildlife it harbors. The park offers
Americans the best chance they have in the
lower 48 states to see the full range of mammal
predators present at the time of European
settlement of the continent, including grizzly and
black bears, wolves, lynx, wolverines, fishers,
mountain lions, and more. Add in mountain
goats, bighorn sheep, and elk, and it is little
wonder that wildlife viewing is one of the
greatest draws of the park.

The only study that has so far attempted to
project future changes in the mammals present
in Glacier was done by researchers from Yale
University, who made such projections for eight
68
national parks, including GNP. Their work was
based on a model projecting changes in plant
communities resulting from a doubling of atmospheric levels of heat-trapping gases. (See
section 7 for another projection of plant changes
in Glacier.) The Yale scientists estimated that the
future ecosystems present in GNP would no
longer support the presence of two current
mammal species (which were not identified) and
so they would be eliminated from the park. The
much more significant change they projected is
that the park’s new ecosystems would be
suitable for an astonishing 45 new types of
mammals, the second highest influx projected
for the eight studied parks. (Yellowstone was
projected to get 49 new mammals, Zion National
Park 41, and five other parks from 8 to 29 new
species.)

But a changed climate could mean a loss of
some of the species now in Glacier, as well as
the park's natural mixture of wildlife. Here, as
elsewhere, some species may go completely
extinct. The Intergovernmental Panel on Climate
Change warns that just 4° to 5°F of higher
temperatures would leave 20 to 30% of plant
and animal species that have been studied in
climatic conditions far outside those of their
current ranges, making them “likely to be at
65
increasingly high risk of extinction.” One reason
this percentage is so high is that stresses
resulting from climate change would come atop
others such as habitat loss.66 And even if species
do not become extinct everywhere, local
populations of species in a particular area, such
as a national park, may be eliminated.

Two important caveats about this study, however, are in order. First, the projections rest on a
model of how an altered climate can drive
changes in the distribution of plants – and those
changes are very difficult to project and modeled
results cannot be taken as definitive. (See page
20.) Second, as the researchers acknowledged,
they did not consider whether geographic or
other barriers exist that would keep the new
mammal species from moving into the parks.

Another change that can result from a disrupted
climate is the movement into an area of new
species not now able to live there, but which
could as habitats and other conditions change.
The presence of these species, by itself, would
be a change in the naturally occurring
ecosystems. The new immigrants also would
create additional stresses for the natural
residents, competing with them for habitat and
food.

Still, this study suggests that Glacier, more than
most of eight studied national parks, could get
new mammals moving in as a changed climate
alters its ecosystems. New species would
compete with native ones for habitat and food,
15

so this could undercut one of Glacier's attractions to visitors – that it still hosts nearly the
same mammals present there as at the time of
European settlement.
According to a wildlife biologist on Glacier's staff,
mammal species particularly vulnerable to
habitat changes resulting from a changed
climate are those at the southern end of their
range. These include wolverines and lynx,
among other species.69

WOLVERINES
Wolverines, famously tough and fierce, embody
the wildlands they inhabit – remote highmountain expanses large enough to offer them
the large amount of room they need to roam.
Although “roam” may be too tame a word for a
wolverine. One radio-collared male in Glacier
climbed to the top of Mount Cleveland, the park's
highest peak, in the middle of winter – charging
up the last 4,900 feet of elevation gain in 90
minutes.70 Of all lower 48 states, Montana boasts
the largest wolverine population, with 84% of all
recent documented records.71 And Glacier
doubtless has the largest wolverine population of
72
any national park in the lower 48 states.

“Studies note that nearly one-third of
the historical spring snowpack in existing
wolverine habitat already has been lost
as global temperatures continue to warm,
and that that percentage could double by
2090.Without snow, these carnivores
could quickly go extinct. Nowhere in the
world has a female wolverine been
documented to build her den anywhere
else but in snow.”
National Parks Conservation Association (2009)76

Wolverines provide a telling example of how
wildlife can be vulnerable to a changing climate.
To begin with, like many other species, they are
linked to certain climate-related habitat requirements – in this case, areas with mid-spring snow
cover, where 98% of all documented wolverine
dens have been. This is the only studied habitat
condition that fully corresponds with known
denning sites, according to research by U.S.
Forest Service scientists.73 Other scientists agree
that spring snow cover appears to be an absolute requirement for wolverine mothers and their
babies.74 Consistent with this, scientists in
Canada have documented that wolverine
populations there from 1970 through 2004 varied
with the extent of snow cover; areas with the
greatest declines in snow cover over that period
also saw the greatest declines in wolverine
populations.75 As a hotter climate poses a threat
to spring snow cover (see section 4), it also
poses a threat to wolverines.

areas – it can reduce their needed room to roam.
Not only do individual wolverines use large
territories, but wolverine populations need large
areas of connected habitats so young wolverines
can disperse into new territory when they leave
their parents and so adults from different areas
can meet and provide an exchange of genes
77
among different populations. So Glacier's
wolverines cannot persist in isolation; they need
adjacent areas to remain suitable, too. If a hotter
climate begins eliminating spring snow cover
from nearby lower-elevation areas, restricting
Glacier's wolverines to shrinking islands of
suitable habitat, they could be in trouble.

LYNX
Canada lynx, a threatened species in the contiguous United States under the Endangered
Species Act, also could be at risk in a hotter
world. Lynx are equipped with large, almost
snowshoe-like feet that enable them to travel on
top of snow, helping them catch snowshoe
hares, their primary winter food, and compete

A second vulnerability of wolverines to a
changed climate is that by reducing suitable
habitat – such as by reducing spring snow cover,
likely to happen most and first in lower-elevation
16

with other predators for hares. That advantage
may be essential to the survival of lynx. One
team of researchers has documented that most
areas where lynx now occur have four months of
snow cover and average January temperatures
under 17°F.78 If those identified habitat conditions
identify areas that are suitable for lynx, just a 4°
to 7°F increase in average annual temperatures
could eliminate about half of the suitable habitat
in the contiguous United States. This is not just a
theoretical concern – a wildlife biologist on
Glacier's staff has expressed concern to the
authors of this report about the effects of declin79
ing snow cover on lynx in the park.

between bears and people, especially during fall
hunting seasons. As conflicts with people are a
major contributor to grizzly bear deaths, this
could affect the regional grizzly bear population.

BIGHORN SHEEP, MOUNTAIN GOATS
At Rocky Mountain National Park, the NPS has
expressed concern that the park's bighorn sheep
population could decline over time due to loss of
83
open alpine habitat as forests move upslope. A
USGS scientist at Glacier has expressed similar
concern that the movement of plant communities
in GNP in response to climate disruption (see
section 7) could “dramatically alter mountain
goat and bighorn sheep habitats” in the park.84
Melting of the Blackfoot Glacier, which appears
to limit movements between two genetically
distinct bighorn populations in the park, could
enable the spread to the southern group of
diseases now found only in the northern population. The USGS staff is seeking funding to
assess these types of potential impacts on
mountain goats in the park.85

“Boreal forest, snow, and showshoe hare –
the primary food source for the lynx – may
not shift synchronously. So climate change
could produce habitat fragmentation and,
at the least, disruption of the conditions
that the Canada lynx require for survival.”
Patrick Gonzalez
University of California, Berkeley80

GRIZZLY BEARS
NATIONAL PARK SERVICE

Grizzly bears in Glacier have a relatively stable
population and may not be as affected by
climate change as those in the Yellowstone
ecosystem. (In Yellowstone, the potential effects
of an altered climate on a key food source –
whitebark pine nuts, threatened by warmingpromoted spread of tree-killing mountain pine
beetles – were the basis of a federal judge
blocking an effort by the U.S. Fish and Wildlife
Service in the administration of President
George W. Bush to remove Yellowstone bears
from the protections of the Endangered Species
Act.) In Glacier, whitebark pines have already
been nearly eliminated, but other key local foods
for grizzly bears could be affected by a changed
climate. In particular, the park's staff has
expressed to the authors of this report a concern
that a changed climate could affect the availability of berry crops, an important food source for
GNP-area grizzly bears.81

NORTHERN BOG LEMMINGS
The northern bog lemming may not be what
some people call “charismatic megafauna” –
large animals with great popular appeal.
Relatively few people know of this lemming or
have seen it in Glacier. But it is part of the nearly
unique, natural mix of mammal species in the
park, and illustrates the vulnerability to climate
change of species living in specialized habitat
niches. Listed as a “species of concern” in
Montana, it is present in GNP at the southern
end of its range, in bog habitats in the North Fork
of the Flathead River Valley and moist oldgrowth cedar-hemlock forests in the McDonald
Valley. Both of these habitats could be highly

The federal Interagency Grizzly Bear Study
Team has also detected that grizzly bears have
begun hibernating at later dates over the period
1975 to 1999, coinciding with a rise in fall
82
temperatures. This could lead to more conflicts
17

vulnerable if an altered climate makes these
areas drier or changes groundwater levels there.
If the habitats are disrupted, the lemmings could
be in trouble.86

Also according to the researcher, pikas in
Glacier may be unable to move upslope to stay
ahead of higher temperatures because of the
steeper slopes and lack of persistent snowpack
in the higher, wind-scoured areas.90

PIKAS
PTARMIGAN

D. BENSON

Like northern bog lemmings, pikas do not qualify
as charismatic megafauna; they are too small.
But they have been called “the essence of
87
cuteness” in a leading scientific journal. These
relatives of rabbits are year-round residents of
mountaintop areas adapted to survival in
extreme cold but not in heat – making them
“early sentinels” to a changed climate, in the
words of some scientists.86 In warmer areas than
Glacier, there already is evidence that pikas are
being eliminated from some areas. Researchers
recently surveyed 25 sites in the Great Basin
(between the Rocky Mountains and the Sierra
Nevada) where pikas are known to have previously lived. They were unable to find any pikas
in nine of those 25 sites – primarily those at
lower, hotter elevations.89 This raises concerns
for the future of the species as the climate
continues getting hotter. The U.S. Fish and
Wildlife Service in February 2010 decided not to
now list pikas under the Endangered Species
Act because of the threats of climate change,
but said they warrant continued monitoring.

White-tailed ptarmigan, the only birds residing
year-round on the tundra of Glacier, could be
threatened by a hotter climate. In Rocky
Mountain National Park, researchers have
detected a decline of about 50% between 1975
and 1999 in ptarmigan numbers and projected
that the birds could become locally extinct there
in another 10 to 20 years as temperatures
continue rising.91 In Glacier, too, ptarmigan
appear to be changing their distribution in the
park, changing their habitat, and perhaps
declining. In 2009, compared to 1996 and 1997,
ptarmigan flocks are smaller and less numerous,
and at Logan Pass have moved uphill about
92
1,000 feet.

A University of Wisconsin-Madison researcher
who has been studying pikas in Glacier for three
years has found that their distribution in the park
(as elsewhere) is affected by elevation, temperature, and vegetation cover – the latter two of
which are likely to be affected by a changed
climate. If climate-driven changes in plant
communities reduce the alpine plants on which
pikas depend and increase grasses instead, this
may have adverse effects on pika persistence.

NATIONAL PARK SERVICE

TROUT
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An altered climate is likely to reduce inland
populations of coldwater fish species, including
trout and salmon. For trout in the interior West, a
hotter climate is a real threat to their survival;
when water temperatures reach the mid-70°s,
93
trout can die. In many streams and rivers in the
West, trout are already living at the upper end of
their natural thermal range. This means that a
slight warming of stream temperatures could
render those streams uninhabitable.
For example, in Yellowstone National Park's
Firehole River in 2007, temperatures topped
80°F for several days and as many as a thousand trout died in the largest documented fish

94

kill in the park's 135-year history. Under a highemissions future, Rocky Mountain streams could
warm up enough to reduce trout habitat by 50%
or more by the end of the century.95 In Glacier,
one contributor to warmer waters is a decline in
glacier meltwater, which moderates stream
96
temperatures. In many cases, climate change
will add to the stresses already threatening
native fish populations, such as habitat fragmentation and competition from non-native species.97

combination of warming stream temperatures,
changes in flood regimes, and wildfire disturbances.
In Glacier, an altered climate has the potential to
impact habitat for bull trout in the park through a
number of mechanisms including increasing
water temperatures, altering precipitation patterns, changing hydrology (such as by increasing
early winter rain-on-snow flood events), and
reducing late summer contributions of cold water
to spawning and rearing streams as perennial
snow and ice-bodies are lost. Warmer water
temperatures may also favor additional expansion of non-native species such as brook and
rainbow trout into areas now occupied by bull
101
trout and westslope cutthroat trout. Parts of the
Flathead River drainage in and near Glacier are
102
regarded as being at particular risk. A study is
now underway examining the vulnerability of bull
trout and westslope cutthroat populations in the
upper Flathead River drainage (including in
Glacier) to warming temperatures, flow alterations, wildfire, and invasive aquatic species
under various climate-change scenarios.103

US GEOLOGICAL SURVEY

According to U.S. Geological Survey researchers, bull trout and westslope cutthroat trout are
“highly sensitive to elevated temperatures.”98 In
particular, bull trout, present in Glacier and some
of the West's other wildest places, have the
lowest tolerance to hot waters of all North
American fish in the family that includes both
salmon and trout.99 About 90% of bull trout are
projected to be lost due to a changed, hotter
100
climate. Westslope cutthroat trout populations,
which are native to Montana, Wyoming, Idaho,
and Washington State, face threats similar to
those of bull trout. Up to 65% of westslope
cutthroat is regarded as at high risk from a

“Bull trout require the coldest water of all species native
to the Rocky Mountains (summer temps less than 58 degrees F
and spawning temps less than 48 degrees) . . . As late summer
flows are affected by global warming, fewer rivers will be
able to provide ample cold water for bull trout.”
Endangered Species Coalition (2009)104
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7

DISRUPTION OF PLANT COMMUNITIES

An altered climate threatens the
natural plant communities of Glacier,
from forests and alpine tundra to
meadows and wildflowers – affecting
the scenery that draws visitors to GNP.

Grasslands, not now even present in the basin,
would take over an increasing amount of the
basin. There would be, in short, fundamental
changes in the communities of plants in the
basin, particularly a replacement of forests by
grasslands.
Projecting the effects of climate changes on
plant communities is difficult, and this type of
projection needs to be taken as a suggestion of
106
a plausible future, not a firm prediction. The
Hall-Fagre projection, however, is generally
consistent with other modeling of how an altered
climate may affect forests. For example, in
Washington State, only 13% of the area now
with Douglas-fir is projected to still be suitable
for that species by the 2060s.107

A

n altered climate could lead to wholesale
changes in Glacier’s plant communities,
and to changes in the mix of plant species in
given areas, which may result in less biodiversity
104
and altered ecosystems in the park.

FORESTS REPLACED BY GRASSLANDS

R

esearchers Myrna Hall and Dan Fagre,
besides projecting a changed climate's
effects on glaciers in GNP (see section 4), also
projected how the types and locations of plant
communities in the Blackfoot-Jackson Basin in
the park could be affected by changes in summer temperatures and soil moisture.105 The
results are shown in Figure 3 on the following
page. Alpine tundra plants begin to inhabit areas
now covered by glaciers, forests move upslope,
and grasslands encroach into the basin. Overall,
after the middle of the century, the total amount
of area in forests of all types would decline.

So far, the evidence of forests moving upslope in
GNP is limited to changes at treeline,
summarized below. But elsewhere in the West
there is wide-scale evidence of forests moving
upslope in the same type of way projected for
Glacier. In California, scientists have documented that the lower edge of the mixed conifer
forests in the Sierra Nevada has moved upslope
in the last 60 years, with ponderosa pines – the
dominant lower-elevation tree of the forests –
giving way to oak and chaparral.108 The change
in forest types has coincided with a change in
temperature; areas that formerly but no
longer have sub-freezing temperatures
are where the conifers have given way
to other plants. These changes have
already reached the lowest elevations
of Yosemite National Park.

DECLINE IN FOREST HEALTH
Two University of Montana scientists,
Celine Boisvenue (now at the
Canadian Forest Service) and Steven
W. Running, recently projected that a
changed climate will create new water
stresses leading to declining forest
health in the northern Rocky
Mountains, including Glacier.109 This is
20

