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Introduction

By Sue Masica, Alaska Regional Director

This symposium, the third in a series focused on
science and scholarship in and around Alaska’s national
parks, is a joint effort with the Beringia Days International
Conference. Our theme “Park Science in the Arctic —
the Natural and Cultural Heritage of Greater Beringia”
is focused on very special places deliberately set aside by
nations to preserve their exceptional, natural, cultural,
historic, and inspirational significance. Beringia is an
area of worldwide significance for its cultural and
natural resources. With unusually intact landforms
and frozen remains, Beringia provides unparalleled
opportunities for comprehensive study of the earth,
the character of past climates and the ebb and flow of
earth forces at continents’ edges. As one of the world’s
truly great and ancient crossroads, Beringia is still
revealing secrets about how the first people came to
North America, how and when they traveled, and
how they survived under such harsh climatic conditions.

Figure 1. Leonid Kutylin, an elder of the Chukchi village
Yanrakynnot, winter fishing in 2006.

Photograph © A. Apalyu

This International Polar Year is an auspicious time
for science in the Arctic. Fifty years ago, the International
Geophysical Year (IGY) was also a time of great discoveries
and excitement. Despite Cold War tension, scientists from
across the globe jointly explored the physical structure and
working of the earth’s crust, oceans, polar ice caps, and
atmosphere. Today, we sometimes take those accomplish-
ments for granted, but we shouldn’t, for IGY brought major
accomplishments in international science, conservation,
cooperation and peace.

Events of intervening years also pertain closely to
this symposium. In 1980, President Jimmy Carter signed
the Alaska National Interest Lands Conservation Act, a
sweeping piece of legislation that established the parks,
preserves and monuments of northern Alaska.

In 1991, the presidents of the United States and the
Soviet Union endorsed a proposal to establish an inter-
national park agreement between the two countries. The
Shared Beringian Heritage Program grew from that agree-
ment and today recognizes and celebrates the contem-
porary and historic exchange of biological resources and
cultural heritage shared by Russia and the United States on
both sides of the Bering Strait.

The Natural Resource Challenge, which was initiated
by the National Park Service in 1995, led to the creation
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of 32 Inventory and Monitoring Networks nationwide
including the Arctic Network. Additionally 17 Coopera-
tive Ecosystem Studies Units were created with over 100
partner institutions and agencies nationwide, including
the North and West Alaska unit centered at the Univer-
sity of Alaska Fairbanks. Seventeen Research Learning
Centers, including the Murie Science and Learning Center
at Denali were created nationwide to provide opportuni-
ties for scientists, educators, and the public to research and
experience science in our parks.

Fifty years after IGY—and 50 years from passage
of the Alaska Statehood Act by the US. Congress—
scientists and scholars from many nations have again joined
to better understand, protect, and share what they are
learning. How can we not be energized by the new and ex-
panded opportunities for science and scholarship in parks
in the Arctic? This Symposium is truly a celebration of both
science and scholarship and of national parks, America’s
gift to the world. And, where better to hold this event than
in Fairbanks, below the shimmering aurora borealis, and
a world leader in research and development of the next
generation of scientists, scholars, educators, and other
leaders. I trust the wonder of the place, the people, the
culture, and the historic moments will infuse and saturate
our experience completely.

. 7
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Park Science in the Arctic: A Thematic Synthesis

By Robert A. Winfree, Alaska Regional Science
Advisor

In October 2008, about 200 scientists, resource
managers, decision makers, educators, students, and lo-
cal residents from Alaska and Russia came together to
share knowledge about the physical, biological, and
social sciences, history and cultures of the area known
as Beringia. The event that brought the speakers and au-
dience together was the combined meeting of the Alaska
Park Science Symposium: Park Science in the Arctic, and
the Beringia Days International Conference. About 100
oral and poster presentations were given during the three-
day meeting, many of which are summarized as articles in
this issue of Alaska Park Science. The following “synthe-
sis” was originally presented as the final summary presen-
tation. It focuses on several themes that became evident
while listening to and perusing presentations, posters, and
abstracts.

Vast and unique Beringia

What is it that makes Beringia so unique? The area’s
geology is complex, to say the least. It seems safe to say
that the origins of Beringia are firmly rooted in plate
tectonics (Fiorillo et al., this issue). Scientists now know
that during the Cretaceous Period there were temperate
forests, wetlands and rivers in the areas of today’s Colville
River and Denali National Park and Preserve. Some of the

Figure 1. (Left) Dinosaurs of Alaska.

Image by Karen Carr, used with permission

flora discovered in the Cantwell formation at Denali
appears similar to species that might be at home in a
botanical garden today (Figure 2), but this is definitely not
the case for the megafauna (Tomsich et al., Fiorillo et al.,
both this issue). Are scientists, educators, and the pub-
lic ready to include dinosaurs in their personal vision of
Beringia and the Arctic (Figure 1)?

Beringia is among the world’s truly great and truly an-
cient crossroads, having intermittently served as an impor-
tant bridge between continents for thousands, millions,
and even tens of millions of years (Masica, this issue).
Much of the world’s water was trapped in glaciers during
the Pleistocene Period. Sea level fell by perhaps 400 feet
(120 m) during the last glacial maximum, exposing a broad
land bridge between the continents of Asia and North
America (Figure 3). During this time, the Bering Land
Bridge was a barrier to some species and a filter for others,
but overall it served as a major highway for Asian plants to
reach North America (Ickert-Bond et al., this issue). Some
species successfully moved west, but many more species of
animals, plants, and people came east, perhaps repeatedly.

Beringia still has many secrets to reveal about the first
people to come to North America: how and when they
traveled here, and how they survived under such harsh
climatic conditions. New research at Cape Krusenstern
National Monument is expanding on Giddings’ studies of
4000+ years of human and environmental history that are
preserved in a series of raised beach ridges (Anderson et al.,
this issue). Similar beach ridge formations have also
recently been identified near historic village sites in
Chukotka (Gal 2008). Some Arctic sites, such as from the
ancient Eskimo settlement of Kivak, contain graceful

Alaska Park Science, Volume 8, Issue 2

and intricately carved artifacts that are associated with
ancient Bering Sea cultures, while others are simple and
utilitarian (Figure 4) (Orekhov, this issue).

The information contained in ancient archaeological
sites is of great significance to all people, but the presence
of ancient sites today does not guarantee their con-
tinued existence. In the United States, the National
Historic Protection Act directs federal agencies to moni-
tor and protect archaeological sites. However, finding
sites can be a formidable challenge in vast landscapes,
especially in designated Wilderness where access can be
limited. Geographic Information System (GIS) models
can help archaeologists to predict the probable locations
of ancient travel routes and campsites, and to prioritize
locations for future field surveys (Devenport, this issue).

Figure 2. Partial platanoid leaf fossil from Cretaceous
deposits in Denali National Park and Preserve.
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Park Science in the Arctic: A Thematic Synthesis

Environmental sustainability and change

The people who successfully migrated across the
Bering Land Bridge during the Ice Age were already
equipped with much of the knowledge and tools that they
would need to survive and flourish in harsh Arctic and
subarctic climates, and to continue their journeys to lands
further east or south. Native people in the Arctic have
traditionally lived in biologically rich and diverse areas.
They understood the concept of sustainability, lived in
small settlements that would not outstrip the vegetation
and other resources, and they shifted harvest pressures
as species abundance waxed and waned. These tribes of
hunters and gatherers knew that their own survival was
linked to the abundance of fish and wildlife, and a healthy
environment. They viewed nature not just as an environ-
ment containing the resources necessary for life, but as a
living and full-fledged member of their tribe (Bogoslovska-
ya, this issue). Subsistence hunting, fishing, and gathering
were basic to their survival as a people, so much so that
they have remained core cultural values to the present day
(Figure ).

Beringian landscapes provided refugia for many
species of plants, animals, and even humans during the
Pleistocene glaciation (Bigelow et al. 2008, Fedorov and
Goropashnaya 2008, Parker and Ickert-Bond, this issue).
Will it continue to do so in the future? Beringia still con-
tains some of the world’s healthiest terrestrial and marine
wildlife populations. Much of this is due to the continued
presence of large and intact ecosystems that have been
protected from over exploitation in parks, Zapovedniks
(scientific nature reserves), and wildlife refuges. Another
important factor has been the presence of healthy popu-
lations of terrestrial predators, such as wolves, bears, and
cats, that culled weaker individuals and constrained popu-
lation growth among prey species (Berger 2008). Caribou
and reindeer exhibit resilience to variable food supplies,
which may be related to their ability to alter the timing
and allocation of body protein to reproduction (Barbosa
2008), but overgrazing of preferred food types still remains
a serious concern (St. Martin et al. 2008).

hukchi Sea

o
[ )

Figure 3. The Bering Land Bridge during the Last Glacial
Maximum, about 21,000 years ago.

The Arctic’s abundant natural resources made natu-
ral resource extraction both attractive and profitable. A
century ago, commercial whalers and traders from Rus-
sia and the United States decimated marine mammal
populations in their search for oil and furs. In their rush
to exploit seemingly unlimited resources, they repeat-
edly put species, ecosystems, Native communities, and
even their own lives at extreme peril (Figure 6) (Barr,
this issue). In one historic attempt to stave off the result-
ing famine in Native communities, a few hundred rein-
deer and four Chukchi reindeer herdsmen, were brought
to Alaska’s Seward Peninsula by the U.S. Government
in 1892. The working relationship with the Inupiaq was
not good, and the Chukchi left. In 1894 Saami reindeer
herding families from Lapland were hired to come to
Alaska to work with the Inupiagq; their collaboration was
successful (Figure 7) (Fjeld 2008).

It is abundantly clear that many past models of nature
use must be replaced. Past mistakes have resulted in nu-
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merous ecological crises and the intensification of global
problems connected with climate change, alteration of
atmospheric composition, pollution, loss of biological
diversity, and degradation of ecosystems, and as a conse-
quence of these, the exhaustion of the natural resource
base and the continuous expansion of demographic and
social problems (Kachur, this issue). The discovery of
petroleum as a substitute for whale oil came none too
soon for the whales, but the search for oil returned to the
Arctic again in the twentieth century. Today, much of the
Bering and Chukchi Seas are being mapped for oil ex-
ploitation. The search for oil and gas is accelerating and
expanding into areas of critical importance to migratory
caribou, water birds and whales (Yokel et al., this issue).
While today’s managers have access to much more infor-
mation than did their predecessors 50 or 100 years ago,
the scale and pressures of development are enormous,
and many questions remain about the effectiveness of
safeguards to protect sensitive arctic environments, com-
munities, and people from the undesirable impacts of
large-scale natural resource extraction. Even seemingly
benign developmental infrastructure can have unexpected
deleterious effects on wildlife populations, by sheltering
and providing perches for nest predators such as arctic fox,
ravens, and gulls (Zack and Liebezeit 2008).

Among the lessons that have been learned through
resource inventories, monitoring and research, is that
political boundaries and property lines are insufficient to
preserve parks and protected areas in perpetuity. Cape
Krusenstern National Monument is adjacent to the world’s
largest zinc and lead mine, and research at the Monu-
ment has turned up greatly elevated concentrations of
heavy metals across broad areas of tundra (Neitlich 2008).
Modeling of shipping exhausts in the Gulf of Alaska
has indicated significantly elevated concentrations of
atmospheric pollutants (NOx, SOx, and PM 2.5) that can
severely degrade air quality and cause significant damage
to coastal waters and ecosystems (Porter and Molders
2008). The recent installation of a comprehensive air
quality monitoring station by the NPS in Bettles, Alaska,
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will expand capacity for monitoring air pollution from
global and regional sources (Blakesley and Lawler 2008).
But knowing about the problems will clearly not be enough
to solve them.

Climate change

Climate change and its related effects may be the most
severe threat yet to preserving intact arctic ecosystems and
cultures. The arctic is warming, and apparently faster than
much of the rest of the world. The Sea Ice Knowledge Utili-
zation (SIKU) project is working with local people in Alas-
ka and Chukotka to preserve their traditional knowledge
about ice in native language dictionaries, so that climate
change will not prevent the knowledge from passing be-
tween generations (Krupnik, this issue). Rapidly diminish-
ing sea ice no longer protects many coastal communities,
archaeological sites, and natural environments from the
erosive action of storms. Most of the approximately 375
mile-long (600 km) coast from Wales to Kivalina has ex-
perienced erosion in the past five decades, with long-term
average losses of up to 10 feet (3 m) per year (Figure 8)
(Manley et al. 2008). Other modeling indicates that loss
of sea ice may increase warming on the Seward Peninsula
from ocean heat flux (Cherry and Hinzman 2008).

Many scientists and resource managers are deliberat-
ing on how climate change is likely to affect wildlife and
other resources in Beringia. Musk oxen are among the
last surviving species of Pleistocene megafauna in the
Arctic, but new DNA research from fossil and modern
musk oxen indicates severe losses of genetic diversity have
occurred (Groves et al. 2008) (Figure 9 a-b). Pika may
already be at the edge of their climatic tolerance zone, with
many populations ‘trapped” at the top of mountains where
there is no where else to go. Little is known about the
threshold values of environmental conditions under which
pikas may persist or disappear (O’Donovan 2008).

The evidence of recent expansion of shrubs into tundra
is widespread and strong (Bret-Hart et al. 2008, Tape 2008).
Satellite-based models are now being applied to distinguish
climatic effects on boreal forests from other disturbances

in the Yukon River basin (Wylie et al. 2008). Downscaled
climate models indicate a high probability of increased
precipitation in the national parks of northern Alaska
during the coming century. However, soil conditions may
actually become drier in many areas, as evapo-transpi-
ration will likely increase with warmer temperatures and
longer growing seasons (Figure 10 a-b) (Loya et al. 2008).
Permafrost thaw and changes to precipitation and hydro-
logic patterns will affect the distribution and availability of
vegetation communities and aquatic habitats. They will also
affect phenology, the timing of animal migration and plant
and insect emergence, potentially having profound conse-
quences for many wildlife species. Some shorebird species
are already nesting near Teshekpuk Lake on Alaska’s North
Slope two weeks earlier than two decades ago (Zack and
Liebezeit 2008). The USGS, FWS, and NPS are cooperat-
ing to develop projections of changes to potential wildlife
habitat north of the Alaska Range (Martin et al. 2008).

The toolbox of scientific and traditional ecological
methods for estimating climatic and environmental change
continues to expand. Pollen analysis in lake sediments
from Lake Clark and elsewhere has enabled researchers to
reconstruct how trees have spread across Alaska (Bigelow
2008). Similar research in the Noatak has enabled determi-
nation of fire frequency in grass and shrub communities
into the past (Allen et al. 2008). Recent research indicates
that fire may be more common in Northwest Alaska than
has generally been recognized. However, relatively little
tundra (about 10%) has burned in the last 40 years. Cari-
bou can graze recently burned tundra during spring grow-
ing seasons, but when searching for lichens during winter
months, they avoided sites that have burned in the last 55
years (Joly et al., this issue).

There is no effective substitute to long-term monitor-
ing for understanding how climate change and distur-
bance affects species population dynamics, food habits,
behaviors and health. And the best time to establish
those programs is well before the anticipated distur-
bances. The NPS Inventory and Monitoring Program is
developing and testing monitoring protocols for a wide
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Figure 4. Winged artifact from the ancient Eskimo settle-
ment of Kivak, Chukotka, Russia.

range of “vital signs” to track resource status and trends
into the future, and in some cases into the past. New
tools for wildlife surveys, such as handheld comput-
ers, and Global Positioning System (GPS)-linked digi-
tal photo documentation can increase the accuracy of
aerial surveys over large landscapes (Rattenbury and
Lawler 2008). Traditional and local knowledge can pro-
vide a window into changes witnessed through multiple
generations of observers (Bogoslovskaya, Hild et al.,
Krupnik, all this issue) (Fjeld 2008, Irisova 2008, Kalyuzhi-
na et al. 2008, McMillan 2008, Metcalf and Robards 2008).
Climate warming is accelerating permafrost thaw in
the Arctic, is affecting surface and groundwater quantity
and quality, and is sometimes resulting in rapid and dra-
matic slope collapse (Figure 11) (Balser et al. 2008). Slope
thaw and collapse in the Noatak has released huge quan-
tities of sediment into riparian systems. Water flowing
from these thermokarst sites also contains about triple the
normal concentrations of dissolved nitrogen (nitrate and
ammonium) and dissolved carbon compared to reference
groundwater (Jones et al. 2008). The wetlands habitats of
the Beringian Arctic are critical for migratory birds from
several continents, but these habitats are also changing as
a result of permafrost thaw and thermokarst. Pond forma-
tion is an early result of permafrost degradation, but as the
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Park Science in the Arctic: A Thematic Synthesis

Figure 5. Harvesting walrus.

downward thaw continues, water levels can either fall or
rise, depending on local groundwater hydrology and other
factors (Bryan et al. 2008). Modeling is already underway
to determine potential effects of thermokarst development
in the Yukon River basin over the next 50-100 years.

Tourism

There will likely be winners, and losers, as a result of
climate change. The ecological importance of national
parks, Zapovedniks, refuges, and other terrestrial, aquatic,
and marine sanctuaries is great (Bersenev 2008). Tourism,
in parks and other federally managed lands, is a vitally im-
portant contributor to Alaska’s economy (Fix et al., this
issue). From a tourism-related perspective (perceived
temperature, wind, visibility, and absence of severe
weather), climate has improved in some areas of Alaska
since the 1940s. Although the skiing season has been end-
ing significantly earlier, the sightseeing season has also
been starting earlier. These conditions were significantly
correlated with the increased visitation to Denali National
Park and Preserve in early summer (Trainor et al., this is-
sue). In Russia, there are already 135 national parks and strict
federal reserves (Zapovedniks) totaling over 100 million
acres, which are well positioned for expanding ecotourism
(Soboleva 2008). The Kamchatka Peninsula, for example,
is emerging as a popular nature based vacation destination
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Figure 6.Voyages and harvests of bowhead whales 1969-1914.

in Russia (Overbaugh et al. 2008). Ecologically sustainable
tourism may also become an increasingly important viable
option for preserving healthy environments and traditional
subsistence cultures in more remote areas of the Russian
Arctic (Irisova 2008, Uyaganskiy, this issue).

Outreach, education and the importance of
community participation in learning and sharing
information

The importance of science and scholarship to society
cannot be overestimated, but it can be, and often is, un-
derappreciated. Scientists, scholars, educators, and other
professional communicators have a moral imperative
to communicate their findings and their enthusiasm for
science and for preservation of the arctic. Many innova-
tive and exciting approaches are being used to communi-
cating with diverse audiences. Technology, through pod-
casts, short films, public service announcements, weather
stations or other means, can be effective for reaching out
and letting people experience science in the remote and
wild parks of the Arctic (Andler 2008, O’Connell, this
issue). Such experiences can also help to generate
passionate park stewards and potential future research-
ers and interpreters. High school students from Anchor-
age, Alaska, are collaborating with their counterparts
in Chukotka, Russia, to examine how climate change is

Figure 7. Some of the first group of Saami herding families
who came to Alaska from Norwegian Lapland in 1894,
photographed at their camp at Teller Reindeer Station, Port
Clarence, Alaska. When their three-year contract was up four
of the six families returned to Norway, and two stayed in
Alaska. In 1898 they were joined by 50 more herding families
from Lapland. Their descendants often married into Inupiaq
families, and together they developed the herds that pro-
vided food, clothing and transportation for Native villages
throughout western Alaska and St. Lawrence Island, as well
as for miners during the gold rush.
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affecting their environments and their lives, and to iden-
tify concrete steps whereby they can be part of the solu-
tion (Whaley 2008). A project in the Western Arctic Na-
tional Parks provides students in rural communities with
opportunities to gain experience in scripting, record-
ing, and producing podcasts on a wide range of topics of
interest to their communities (Devinney 2008). Polar
Trek, and the Murie Science and Learning Center offer
experiential learning programs where educators accom-
pany researchers in the field. Field-level biologists with
the Northern Forum’s Brown Bear Working Group are
sharing information, tools, and solutions to foster coex-
istence of bears and humans across multiple countries
(Van Daele 2008). Go North’s “What’s Climate Change to
You” program visits Arctic communities by dogsled, while
sharing local knowledge about climate change through
real-time broadcasts and curriculum-based learning
(Figure 12) (Porsild et al. 2008). The Takahula Lake sym-
posium project in Gates of the Arctic facilitates writers
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Projected Change in Average Annual Temperature (°F) Projected Change in Average Annual Precipitation (in.)
1961-1990
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Figure 8. Storms have caused severe coastal erosion in
coastal Alaska, including parts of Cape Krusenstern National
Monument.
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Figure 10. Mean historic annual temperature and precipitation regimes and future composite model projections for 2040 and
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. . Figure 11. Massive hill slope collapse resulting from permafrost thaw near Okoklik Lake, Noatak National Preserve. Note heli-
Figures 9a-b. Analyses of DNA recovered from fossil musk ox copter at left and the person in the center (small red box) to gauge the scale of this event. The red box with the person is also
indicate major losses of genetic diversity have occurred at enlarged at right.

least twice in the fossil record.
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coming together to discuss how to foster a healthy rela-
tionship with nature and to promote resource stewardship
(McMillan 2008, Mills 2008). Denali’s Artist-in-Residence
program is proving the arts to be viable alternatives for
communicating information, concepts, and passion to
large audiences (Duffy, this issue).

The differences that set people apart across Beringia
are much less than the similarities that unite them. The
vibrancy of contemporary links can be seen in Go North’s
project, which shares community observations through-
out the world (Porsild et al. 2008), in the SIKU project’s
development of dictionaries based on local and traditional
knowledge (Figure 13) (Krupnik, this issue), and in Project
Environment’s student exchanges across the Bering Straits
(Whaley et al. 2008). In the future, there is concern for in-
tergenerational transmission of cultural and traditional
knowledge, retention of traditions, and development of
economic opportunities that are respectful of tradition.
Tourism development needs conscious consideration of
potential impacts to Native villages in Chukotka and in
Alaska.

Though vast and unique, Beringia is, after all, just
geography. Whether the region was exposed as the land
bridge, or is now united by great marine waterways of the
Bering Straits, the connections between people, traditions,
physical and biological components of the land remain
strong, contemporary and interesting.
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Figure 12. Team GoNorth! delivering “What is Climate
Change to You?” in the field with nomadic Chukchi reindeer
herders in the remote region of Chukotka, Russia, during the
live GoNorth! Chukotka 2007 adventure learning program.
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Figure 13. Cover page of a recent book documenting
traditional knowledge of the Yupik people of St. Lawrence
Island, Alaska, Watching Ice and Weather Our Way/
Sikumengllu Eslamengllu Esghapalleghput (2004), a joint
production of the Smithsonian Institution, Marine Mammal
Commission, and the Yupik communities of Gambell and
Savoonga.
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Beringia from a Cretaceous Perspective

A.R. Fiorillo, D.W. Norton and P.J. McCarthy

National Park Service units in Alaska contain some of the most
informative fossil-bearing rocks anywhere in North America.
These park units fall within the dynamic subcontinental region
denoted by “Beringia,” the hypothesized land bridge connection
between Asia and North America during the Plio-Pleistocene
(Hultén 1937). By linking similar aged rock units in National Park
Service lands with the fossil resources found on other federally-
administered public lands, important paleoecological insights on
specific ecosystems can be obtained. Here we provide summa-
ries of how pertinent regions address the antiquity of terrestrial
Beringian ecosystems, the implications of this antiquity, and
suggest that the NPS-Alaska Region is ideally situated to adopt
leading roles in exploration of this concept.

Role 1: Sites for field research on Cretaceous Beringia

Late Cretaceous rocks of Denali National Park and Preserve
(Denali), Yukon-Charley Rivers National Preserve (Yukon-
Charley), Wrangell-St. Elias National Park and Preserve (Wrangell-
St. Elias), and the North Slope of Alaska provide some of the most
significant opportunities to examine a regional ancient terres-
trial ecosystem in detail. Additionally, paleontological work on
similar aged rocks in southwestern Alaska in Aniakchak National
Monument has shown that this ecosystem is recorded across the
state (Fiorillo and Parrish 2004). This ecosystem supported a rich
dinosaurian fauna as well as other fossil vertebrates such as
mammals, birds, and fishes (Fiorillo 2006, Gangloff 1998). The
floral component of this ecosystem also was diverse and included
angiosperms, gymnosperms, and ferns.

Figure 1. Map of Beringia with NPS units highlighted (green) and
the National Petroleum Reserve (yellow). The three NPS units with
known records of dinosaurs (Aniakchak National Monument, Denali
National Park and Preserve, and Wrangell-St. Elias National Park and
Preserve) are shown here in darker green.

The Cantwell Formation is an extensive rock unit exposed
throughout much of Denali and is now known to contain thou-
sands of fossil vertebrate footprints (Fiorillo et al. 2007, Fiorillo
et al. 2009). The rock unit is thousands of meters thick and con-
sists of an upper, dominantly volcanic unit and lower, dominantly
fluvial unit. Pollen analysis for the lower Cantwell Formation
shows the rock unit to have been deposited during the latest
Cretaceous. Sedimentation was dominated by stream and
lacustrine environments, at times with a marginal marine
influence. The vegetation at the time was dominated by conifer
forests, and a mosaic of angiosperms in the forest understory.

Unnamed rocks in Yukon-Charley have been mapped as
Cretaceous-Tertiary in age based on fossil floral remains (Brabb
1965, Dover and Miyaoka 1988). The depositional environments
of these rocks, like the Cantwell Formation, represent rivers and
floodplains. Given that they may be similar in age to those in
Denali they are included here. The forest of this park unit was
dominated by Metasequoia. No dinosaur remains have been found
in these rocks.

Similar to Yukon-Charley, Wrangell-St. Elias also contains
unnamed rocks of Cretaceous age (Richter 1976). Recent
preliminary paleontological field work has now shown that these
rocks contain multiple dinosaur footprint types attributable to
predatory dinosaurs and herbivorous dinosaurs. Whereas forests
dominated the landscape in other regions, the rocks of this park
suggest that forest cover was limited and instead the vegetative
cover was dominated by expansive fern prairies. The limited forest
cover replaced by fern cover may have been the result of a more
dynamic river system that flooded the landscape more frequently
compared to any of the other regions.

NPS units containing a fossil vertebrate record discussed
here are so far based solely on fossil footprints. By contrast,
comparably aged rocks on the North Slope contain an
abundance of fossil bones, mostly dinosaurian, with only a
minor record of fossil footprints. These two types of records then
provide independent means to test ecosystem hypotheses.
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Florally, an abundant and diverse assemblage of pollen,
spores, amber, algae, and other microscopic plant debris
has been recovered from the North Slope. The vegetation
for this region of Alaska during the latest Cretaceous was
dominated by conifer forests across the coastal plain and a
mosaic of broad-leafed deciduous forest in riparian areas.
The understory probably consisted of ferns and smaller
angiosperms.

The depositional environment for the Late Cretaceous
dinosaur-bearing units was that of a low-energy alluvial
coastal plain. The floodplain was wet, but water levels
probably fluctuated from shallow standing water to dry
and subaerially exposed, possibly on a seasonal basis.

Beringian ecosystems have fostered specializations of
flora and fauna over time, as is especially evident among

Figure 2. Cretaceous hadrosaur (duck-billed dinosaur) footprint from Denali National Park and Preserve.
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those vertebrates that leave abundant fossils. Striking
faunal and floral structural parallels in ecosystems are
manifest in the Cretaceous of this region. Current pale-
ontological investigations on correlative fossil-bearing
rocks in these three regions, combined with revised
tectonic reconstructions of the region lead us to con-
clude that Beringia originated some 100 million years ago
(Fiorillo 2008). This extension of Beringia back in time re-
quires a reordering of the importance we assign to under-
lying mechanisms. Atmospheric and oceanic phenomena
remain important climate variables to explain the Quater-
nary changes in Beringia. Accepting Beringia’s origins in
the Cretaceous, however, implies that Beringia is rooted
in its accretionary rather than in its climatic history. In
other words, tectonics has been the defining parameter for
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Beringia from a Cretaceous Perspective

Beringia Paleoclimate data show that temperatures in the
northern polar regions were significantly warmer during
the Cretaceous compared to the modern data (e.g., Bar-
rera and Johnson 1999). Studying ancient Beringia provides
a unique opportunity to compare high latitude ecosystem
dynamics under contrasting greenhouse and icehouse
conditions.

Role 2: Opportunities for synthesis of the
Cretaceous origins of Beringia

The concept of Beringia as limited to the Plio-Pleis-
tocene depends entirely on glacial advances and retreats
to drive falls and rises in sea level. High sea levels facili-
tate exchanges of marine biota between the Pacific Ocean
and Arctic Basin; lower sea levels enable terrestrial faunal
and floral exchanges between Asia and North America.
Recent advances in resolution of geochronologic methods
show us that climate-driven sea level changes have been
relatively recent and weak determinants of biogeographic
patterns—the final epilogue to a Beringia story spanning
100 million years.

Some analysts convinced of Beringia’s Quater-
nary reality are still surprised to learn that Beringia’s
influence on regional and circumarctic biogeography had
begun by the early Tertiary. Pre-Quaternary connection of
Asia to North America was acknowledged with the broad
acceptance of plate tectonic theory (Hopkins 1967a, Cox
1974, Marincovich et al. 1990). Quaternary Beringia en-
joys a 400-year head start over the concept of Mesozoic
Beringia. A South American Christian missionary in 1590
first proposed that dry land connected northeastern Asia
to the Alaskan tip of northwestern North America, to ex-
plain the peopling of the New World (O’Neill 2004). Not
until 200 years later, at the end of the eighteenth century,
had Vitus Bering’s and Captain James Cook’s voyages
confirmed close physical, biological and cultural connec-
tions between the two continents. About 150 more years
passed before Hultén’s (1937) phytogeographic studies
gave the subcontinental region a name and accelerated the
subsequent proliferation of geological and biogeographic
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investigations (O’Neill 2004). After 50 more years, the di-
nosaur fauna of Arctic Alaska began to persuade analysts
that Beringia’s global influence is immense, temporally as
well as spatially.

Hultén’s original concept was limited. He conceived of
Beringia as the major ice-free refugium for terrestrial north-
ern vascular plants being excluded and extirpated else-
where by glaciers and continental ice sheets during glacial
maxima. Since the mid-twentieth century, biogeographers
and paleontologists have credited Beringia with additional
functions in the diversification of biota over increasing
spans of geological time in the Northern Hemisphere
(cf. Abbott and Brochmann 2003, Sanmartin et al. 2001).
Collectively, these scientific efforts remain compartmen-
talized and under-recognized across boundaries separat-
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Figure 3. Cretaceous sedimentary rocks representing ancient river channels and floodplains in Denali National Park and
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ing disciplinary specialties. Evidence from dinosaur pale-
ontology in Alaska, however, suggests that reaffirming the
Cretaceous underpinnings of Beringia can lead to a timely
synthesis of ideas between biogeographers and geologists.

Viewing Beringia as rooted in the Cretaceous reminds
us that details of current phenomena and of the more re-
cent past blur into broader generalizations further back in
time. Likewise, subtle taxonomic affinities and distinctions
among extant biota are replaced by larger, more radical,
taxonomic distinctions in the more distant past. The in-
terdisciplinary challenge for paleontologists is neverthe-
less to remain conversant with the nuances that modern
sciences bring to bear on understanding current biological
systems.

A synthesis of disparate pieces of evidence for Ber-
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National Park and Preserve.

ingia’s being a determinant of phenomena character-
izing the Northern Hemisphere is likely to elude the
efforts of disciplinary specialists until they are brought
face to face in collaboration. The U.S. Geological Sur-
vey once carried out this facilitation (e.g., Hopkins 1967b),
which clearly needs to be resumed. The NPS has a
history of recognizing the significance of Beringia through
its administration of the Shared Beringian Heritage
Program. Given that much of the key geology defining
the antiquity of Beringia falls within NPS boundaries,
these NPS units are ideally situated for addressing funda-
mental questions regarding ancient ecosystem dynamics in
deep geologic time.
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Late Cretaceous Flora in an Ancient Fluvial Environment: The Lower
Cantwell Formation at Sable Mountain, Denali National Park, Alaska

By Carla Susanne Tomsich, Sarah J. Fowell and
Paul J. McCarthy

Abstract

The lower Cantwell Formation is a late Cretaceous
fluvial deposit that contains dinosaur footprints and
plant fossils. Facies analysis of numerous conglomerate,
sandstone, siltstone, and shale successions in the Sable
Mountain area in Denali National Park and Preserve re-
veals a variety of depositional settings, including chan-
nels, overbank, crevasse splays, lakes and ponds, located
in close proximity on an ancient floodplain or alluvial fan.
Plant megafossils preserved in the finer-grained facies
indicate that the Cantwell flora was a polar broad-leaved
deciduous mixed forest with diverse angiosperms and sev-
eral deciduous conifers. Combined sedimentological and
paleobotanical studies allow identification of distinct local
plant communities associated with each of the deposition-
al settings. Dicotyledonous angiosperm leaf morphology
was used to compute a mean annual temperature of 51.1°F
(10.6 °C), a warmest monthly mean of 69.1°F (20.6 °C), and
a coldest monthly mean of 34.7°F (15 °C). Climate in this
high-latitude region was temperate, with mild winters and
considerably warmer summers than those that prevailed
on Alaska’s North Slope during the Late Cretaceous.

Introduction

The Cantwell Formation crops out in the foothills and
northern mountains of the Alaska Range in southcentral
Alaska. In Denali National Park and Preserve (Denali Park)
the formation can be readily recognized from the park
road by its precipitous cliffs and dramatic bluish black,

yellow and reddish colors. Exposures in the Sable Moun-
tain area in Denali Park consist of numerous successions
of conglomerates, tabular and lenticular sandstones,
organic-rich siltstones and shales. Plant fossils and recently
discovered dinosaur footprints, bird footprints,and diverse
invertebrate traces indicate a flourishing terrestrial ecosys-
tem in a high-latitude environment (Fiorillo et al. 2007), as
the Cantwell basin was probably located at a paleolatitude
>65°N atthe time of deposition (Spicer et al. 1987). Analyzed
inlithological context, the plantfossils of the lower Cantwell
Formation provide new information about the landscape,
vegetation, climate and depositional processes for this Late
Cretaceous basin.

Geologic Background

Beginning about 9o million years ago, Alaska grew
in size as small segments of northward-displaced litho-
spheric crust (terranes) collided with the former south-
ern Alaska plate margin (Plafker et al. 1994). The terres-
trial Cantwell Formation was deposited during the final
accretionary phase of the composite Wrangellia terrane
to the North American continent (Ridgway et al. 1997).
Now located within the Denali Fault system, the Cantwell
Formation forms a 22 mile (35 km) wide, about 78 mi
(125 km) long, east-west trending belt along the north-
ernmost edge of the Alaska Range. The formation
comprises a 2.5 mi (4 km) thick fluvial sedimentary suc-
cession of late Campanian to Maastrichtian age (75 to 70
million years in age) (Ridgway et al. 1997) and an upper vol-
canic unit of Paleocene and Eocene age (60 to 55.5 million
years in age) (Cole et al. 1999). Both the upper and lower
Cantwell Formation were folded and faulted during sub-

sequent tectonic deformation and then uplifted during
the rise of the Alaska Range. At Sable Mountain, the older
sedimentary rocks are well exposed (Figure 1).

Fluvial Lithofacies and Facies
Associations

A floodplain constitutes a low-gradient land surface
that is drained by a major river and its tributaries. It is
not a static environment. Here streams erode, transport
and redistribute sediments as they change their course.
In between streams and rivers, marshes, lakes and ponds
develop in low-lying areas where drainage conditions are
poor. Fine sediment accumulates slowly during ephemeral
floods as the basin subsides. Levees form where coarser
sediment builds up during overbank floods or where
channels incise into older sediments. As a result, differ-
ent depositional environments such as channels, levees,

Figure 1. The sedimentary lower Cantwell Formation ex-
posed at Sable Mountain in Denali National Park.
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crevasse splays, lakes, ponds and floodplain develop next
to each other and succeed one another; the changing dy-
namics produce a variety of lithologies (facies) and facies
assemblages in an alluvial setting. Habitat preference, fre-
quency of recurring floods and soil quality determine the
types of vegetation that will grow in these different fluvial
environments. Sedimentary and fossil records thus harbor
complementary paleoenvironmental information.

Sedimentary Facies of the lower Cantwell
Formation

Facies 1: Massive conglomerate

This facies contains clasts up to 6 inches (15 cm) in
diameter with a predominantly matrix-supported texture.
Deposits are often trough-shaped, winnow out laterally
and are rarely more than 13 ft (4 m) thick. Moderately
sorted clasts are subangular to wellrounded and occur
in coarse to very coarse, subangular to subrounded sand.
Typically conglomerates contain lenses of sand or thin
layers of mud, dividing the deposits into multiple stories.
Bedding is cross-stratified or massive. Tree trunk im-
pressions are common. Facies 1 is interpreted as gravelly
channel fill.

Facies 2: Pebbly sandstone

Facies 2 consists of tabular or lens-shaped coarse- to
medium-grained, pebbly sandstones less than 20 ft (6 m)
thick that grade laterally into finer-grained, organic-rich
facies. Angular to well-rounded pebbles ranging in size
from o.1to 2 in (0.3 to 5 cm) commonly rest on low-angle
foresets. Deposits are massive or trough cross-stratified
and grade upward into medium sandstone. Facies 2 is in-
terpreted as levee, small channel or crevasse splay channel
fill.

Facies 3: Coarse- to medium-sandstone

Tabular and lenticular coarse- to medium-grained
sandstone bodies embedded in finer-grained deposits are
typically less than 3.3 ft (1 m) thick. Deposits are massive,
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Figure 2. (A) Twig of the taxodiaceous conifer Metasequoia. (B) A 6.6 ft (2 m) high in situ Metasequoia tree trunk and shallow

root impression in channel sands. The tree was growing in the floodplain before being incorporated into the deposits of a

migrating channel.

planar, or trough cross-bedded and may have granules on
foresets. Sand grains are predominantly subangular and
moderately sorted. Facies 3 is interpreted as levee, small
shallow channel fill and overbank sheetflood deposits.

Facies 4: Fine sandstone

Facies 4 is a tabular or lenticular sandstone embed-
ded in finer-grained deposits consisting of subangular to
subrounded grains. Bedding is massive, rippled or trough
cross-stratified with rare mud on foresets. This sandstone
is typically burrowed and moderately rooted. It frequent-
ly contains twigs and cones of Metasequoia, Equisetum

rhizomes and stems, leaf impressions and wood. Facies 4 is
interpreted as small channel fill, crevasse splay, and sheet-
flood deposits.

Facies 5: Interbedded fine to very fine sandstone and silt-
stone

This facies consists of laterally extensive decimeter- to
centimeter-scale tabular beds of interbedded fine-to very
fine-grained sandstone and siltstone that often grade into
siltstone. Sandstone is massive or rippled. Deposits contain
invertebrate trace fossils and abundant plant macrofossils.
Roots and concretions indicate weak soil development.

yyy |



Figure 3. Pinnately-veined leaf impressions. Such fossils oc-
cur in crevasse splay and overbank deposits.

Facies 5 is interpreted as crevasse splay, sheetflood, levee
and overbank deposits.

Facies 6: Interbedded fine to very fine
sandstone and mudstone

Facies 6 is a centimeter to millimeter-thick fine- to
very fine-grained, tabular sandstone interbedded or in-
terlaminated with mudstone. It may be rippled, trough
cross-bedded or laminated and contain small traces made
by beetles, gastropods, ostracodes and annelids. Plant
macrofossils are abundant; and roots and concretions are
evidence for soil development. This facies is interpreted
as distal crevasse splay, sheetflood, levee and overbank
deposits.

Facies 7: Siltstone

Facies 7 is a dark grey to black siltstone, centimeters to
tens of meters thick. It is organic-rich and may be interlam-
inated with mudstone. This facies contains conifer needles,
Equisetum rhizomes, carbonaceous roots and other plant
fragments. Iron concretions or nodules are very common.
Beds typically show irregular relief at the top that was like-
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ly caused by dinoturbation. This facies is interpreted as
distal crevasse splay, floodplain and lake margin deposits.

Facies 8: Mudstones and shales

This very fine-grained facies consists of dark grey
to black organic-rich mudstone and shale that is usually
0.4 in to 33 ft (1 cm to 1 m) thick, rich in clay, and locally
calcareous. Mudcracks may be seen at the surface or beds
may be irregular due to erosion and bioturbation. Facies 8
typically occurs in coarser-grained deposits in the form of
rip-up clasts. Fossils consist of Equisetum segments, small,
frequently coalified, plant fragments, carbonaceous root-
lets, and bivalve and gastropod shells. This facies is inter-
preted as floodplain, shallow lake or pond deposits.

Facies 9: Unorganized deposits

Facies 9 contains clasts of all sizes, pieces of wood, and
mud rip-up clasts in a sandstone or organic-rich mudstone
matrix. Deposits are often poorly consolidated, infrequent
and occasionally contain in situ tree stump impressions.
We interpret Facies g as debris flows.

Alluvial deposition

The facies and facies associations in the lower
Cantwell Formation indicate that the rocks at Sable
Mountain represent alluvial sheetfloods, braided chan-
nels, crevasse channels and splays, overbank and levee
deposits, small shallow lakes or ponds and floodplain
sediments. Lithologies reflect sedimentary processes typi-
cal of low-lying fluvial environments. The sedimentary
environment has been characterized as an alluvial fan
system drained transversally by an axial sandy braid-
ed river (Ridgway et al. 1997). The many tabular sand-
stones and floodplain fines at Sable Mountain indicate
that deposition occurred close to the center of a fluvial
valley either at the distal end of an alluvial fan lobe
where ephemeral floods would have been common
(Leeder 1999) or in the floodplain of a trunk river and
its tributaries.
(Facies 9) in the Sable Mountain area and elsewhere

Poorly organized colluvial deposits
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in the basin (Ridgway at el. 1997) suggest that the tabu-
lar sheetflood sandstones may be periodic, distal allu-
vial fan stream flow deposits. However, trough-shaped
conglomerates and coarse sandstones in extensive
floodplain fines signify that alluvial fan sediments in-
terfinger with the floodplain deposits of the main river
system that drained the ancient valley.

The different lithologies and geometries of the sedi-
ment created a variety of local habitats with different
drainage conditions. For example, the numerous suc-
cessions of shallow, fine-grained sandstones and silt-
stones suggest that overbank floods were frequent
but that deposition was quickly abandoned as waters
receded. Abundant roots in the interbedded sandstones
suggest that these facies allowed for a rapid re-vegeta-
tion of the disturbed areas. The lithology of the depos-
its becomes finer-grained with increasing distance from
active streams. Marshy lowlands and standing water
bodies developed in poorly drained areas. Minor paleosol
development in floodplain fines signals predominantly wet
conditions. As fluctuating water tables generally affect soil
formation and consequently plant species distribution, a
riparian vegetation would have been required to readjust
with each change to the depositional setting (Dwire et al.

2006).

The Fossil Flora of the Lower Cantwell
Formation

The lower Cantwell Formation yields abundant plant
impressions including the stems and rhizomes of horse-
tails (Equisetum); fronds of schizaceous and gleichena-
ceous ferns and of Cladophlebis, an extinct fern; leaves,
cones and seeds of the deciduous conifers Metasequoia
(Figure 2) and Glyptostrobus; fragments of ginkgophytes,
cycadophytes, diverse dicotyledonous angiosperm leaves
(Figures 3-4), and the monocot Sparganium (Thypha) and
other unidentified blade-like leaves. Also present are log
impressions (Figure 2B) and lithified wood. Sparse and
poorly preserved fossil pollen grains and spores extract-
ed from organic-rich mudstones yielded the angiosperm
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pollen taxa Ainipollenites and Aquillapollenites, the
coniferous pollen taxa Taxodiaceaepollenites, few cycad
or ginkgo pollen grains, and abundant horsetail and fern
spores.

Angiosperm leaf fossils have simple forms with
palmately, pinnately or palmately-pinnately venation, but
fragments of large palmately-lobed leaves also occur. Leaf
sizes range from 0.6 in (1.5cm) to an estimated 20 in (50 cm),
based on vein spacing. The majority of the taxa belong to
the families Platanaceae, Nymphaeaceae, Menispermaceae
and Hamamelidaceae. Of the platanoid types forms such
as Pseudoprotophyllum are rare while leaves of betulaceous
morphology (cf. Corylites and Alnites) are especially abun-
dant. Other taxa such as Viburniphyll and the trochoden-
droid, zizyphoid and the vine-like menispermoid groups
often occur in association with the platanoids and remains
of taxodiaceous conifers. In all, 21 angiospermous mor-
photypes were identified from the study area on the basis
of leaf organization.

The depositional habitat environments

Plant fossils recovered from fluvatile facies approximate
the composition of an ancient local flora (Spicer and Par-
rish 1990). At Sable Mountain the sandier deposits appar-
ently favored leaf preservation due to better drainage and
rapid accumulation. Fossil assemblages are more diverse in
levee, crevasse splay, and overbank deposits than in flood-
plain and lake facies, and plant community associations
are interpreted to correspond to three sub-environments:
stream margin, elevated floodplain and low-lying flood-
plain.

Angiosperm leaf taxa appear individually or as part of
a mixed forest litter. Platanoid trees or shrubs grew pre-
dominantly along streams (Facies 2 and 3). A more complex
assemblage containing Metasequoia leaves and cones and
diverse hamamelid angiosperm leaves are found primar-
ily in sandy overbank deposits and embankments (Facies
3-6). The finer-grained and more organic-rich floodplain
facies (Facies §-7) contain elements of the conifer Glypto-
strobus, the angiospermous leaves Alnites, Menispermites,
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Figure 4. Palmately-veined trochodendroid leaf impression.
These leaf fossils are common in crevasse splay, overbank
and levee deposits, and to a lesser degree in floodplain and
lake margin deposits.

and Sparganium, rare cycad leaves, Equisetum and a
variety of ferns.

The different fossil assemblages signify that soil and
drainage conditions varied within the floodplain accord-
ing to facies distribution and frequency of river sand and
fertile mud deposition. In better-drained and more built-
up areas diverse angiosperm shrubs and small-diameter
trees may have formed an open canopy forest together
with Metasequoia. In contrast the dominant lowland
vegetation in the floodplain and along the lake and pond
margins consisted of a low-diversity flora, which included
platanoids, nymphaelalean vine-like plants, a variety of
ferns and hydrophilic gymnosperms. Cycads, Equisetum
and herbaceous plants covered the marshes.

Geographic species distributions and
paleoclimate

The Cantwell Floracontainselementsthatarepresentin
other Arctic floras. Taxodiaceous conifers such as Metase-
quoia and Glytostrobus and species of the dicot leaf genera
Trochodendroides, Menispermites, Zizyphoides, Pseudo-
protophyllum, Corylites, the monocot Sparganium and the
ferns Gleichenia and Cladophlebis were widespread in the

Arctic during the late Cretaceous (Hollick 1930, Spicer et al.
1987, Budantsev 1992, Herman and Spicer 1995). Yet, even
though as these genera are well represented in the Cantwell
flora, it is still unclear how they relate at the species level
given that very few species could be identified.

Fossil leaf character correlation with modern leaf
physiognomies and climate variables has proven effec-
tive in computing ancient climate parameters (Wolfe and
Spicer 1999). Using Climate Leaf Analysis Multivariate
Program (CLAMP) (Wolfe and Spicer 1999), our first esti-
mate for a mean annual temperature (MAT) is 51.1°F (10.6
°C), awarmest monthly mean (WMMT) is 69.1°F (20.6 °C)
and a coldest monthly mean (CMMT) is 34.7°F (15 °C). In
comparison, Spicer and Parrish (1990) calculated a MAT
of 35.6 to 43°F (2 to 6 °C); and Parrish et al. (1987) es-
timated the WMMT at 50 to 53.6°F (10 to 12 °C) and the
CMMT at 35.6 to 39.2°F (2 to 4 °C) for the Maastrichtian
flora of the Prince Creek Formation which crops out on
Alaska’s North Slope. These results indicate that the
Earth was much warmer at the time and that winters
were mild. Variables computed for the Cantwell basin,
however, show greater disparity between summer and
winter temperatures. While the CMMT calculated for
the two floras is very similar, average summer tempera-
tures are significantly higher for the Cantwell data. This
disparity could be a symptom of terrain and latitudinal
differences. The North Slope at the time was a fluvio-
deltaic setting facing the Arctic Ocean. It was located at
approximately 85 °N, and angiosperm diversity was report-
edly low (Spicer and Parrish 1990). The Cantwell basin, in
contrast, was located further inland, 10 degrees or more
to the south, opening toward an epicontinental sea to the
east, the Cretaceous Western Interior Seaway (Ridgway et
al. 1997). Results suggest a strong pole-ward summer tem-
perature gradient possibly due to southward increases in
insolation. Taxa and calculated temperatures indicate that
the Cantwell flora like other late Cretaceous Arctic floras
can be categorized as a polar coniferous and broad-leaved
deciduous forest flora (see Wolfe 1987).
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Conclusion

The late Cretaceous lower Cantwell Formation at
Sable Mountain represents braided channel, small chan-
nel, crevasse splay, levee, overbank, floodplain, and
lacustrine sediments and occasional debris flows typi-
cal for floodplain and/or distal alluvial fan deposition.
Plant fossils analyzed in the context of lithofacies show
that coniferous and angiospermous plants formed dis-
tinct floral community associations in a variety of depo-
sitional environments. Vertical facies successions and
accompanying changes to the floral communities reflect
altered hydraulic conditions during floodplain evolu-
tion. Taxodiaceous conifers and dicotyledonous angio-
sperms achieved significant diversity; taxa at the family
and genus levels correspond to those described from other
Arctic floras. Accordingly, the Cantwell flora is classified

as a polar broad-leaved deciduous mixed forest flora.
CLAMP analysis implies that climate in this high-latitude
region was temperate, with mild winters and consider-
ably warmer summers than those predicted for Alaska’s
North Slope during the Late Cretaceous. In this way, the
paleofloristic data amend our understanding of vegetation
distributions and past climate variability in ancient greater
Beringia.
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Contrasting Patterns of Plant Distribution

in Beringia

By Stefanie M. Ickert-Bond, David F. Murray and
Eric DeChaine

We dedicate this science summary to the memory of Les
Viereck (1930-2008), fellow Alaskan botanist, ecologist and
contributor of many superb herbarium specimens to the ALA
herbarium.

Abstract

The Bering Land Bridge has been a major highway
forAsianplantsinto NorthAmerica,butalsoabarriertosome
andafilterforothers. Additionally,therearewidelyseparated
and highlylocal occurrences of Asiatic speciesin Alaskaand
adjacent Yukon thatare thoughtbysome tobe relicts of late-
glacial steppe-tundra. Molecular sequence data successful-
ly clarify historical dispersal and vicariance events and will
help resolve the role that Beringia played in facilitating and/
or inhibiting plant migrations. Furthermore, hypothesis
testingthrough coalescence-basedanalyses of molecularse-
quence data provides a powerful means of investigating the
region’s floristic history.

Introduction

Nearly 8o years have passed since the term Beringia
was coined by E. Hultén (1937) to refer to the immense
unglaciated areas of Alaska and the adjacent regions of
northwestern Canada and northeastern Russia. A vast lit-
erature on Beringia is now available that addresses ques-
tions of persistence in the glacial refugium, exchanges
of plants between Asia and America, diversification of
plants in the refugium, and Beringia as a source of tun-

dra plants for post-glacial expansion into deglaciated
areas beyond its borders.

Beringia as first proposed by Hultén has since
been enlarged to encompass the entire region be-
tween the Lena River in northeast Russia, and the
Mackenzie River in northwest Canada (Figure 1). At its
closest point, North America is separated from Asia by only
50 miles (8o km), and portions of the strait are less than
100 feet (30 m) deep. Beringia was mostly exposed dur-
ing the Tertiary, but the intercontinental land connection
was flooded 4.8-5.5 million years ago (Marincovich and
Gladenkov 200r1). Throughout the Pleistocene, the sea level
changed repeatedly, exposing and flooding the region
accordingly (Hopkins 1959). During the Last Glacial
Maximum, the Bering Land Bridge was extant between
60,000 years ago and 25,000 years ago, and a sea-levels fell
of as much as 397 ft (121 m) between 20,000-18,000 years
ago, causing the maximum extent of the dry land connec-
tion between Asia and America during the Last Glacial
Maximum. Only limited exchange was possible after about
11,000 years ago (Hoffecker et al. 1993).

It is quite impossible to understand fully the origin of
Alaska’s flora without knowing a great deal about its Asian
antecedents. During the Tertiary, easternmost Asia and
northwestern North America were fully connected and
essentially identical biotically. The Tertiary vegetation
was dominated by mixed broad and needle-leafed trees.
As climate cooled, forests receded from the region, but
certain Tertiary floristic elements remained (Matthews and
Ovenden 1990, Murray 1992).

The major contribution of Asian tundra plants ar-

rived in Alaska throughout the Quaternary, via the
land bridge while it was exposed. Successive changes
directly related to the waxing and waning of glaciers
and consequent rising and falling of sea level caused
the repeated appearance and disappearance of the
Bering Land Bridge. These dynamics have together
created conditions for plant dispersal and also diversifi-
cation. Even when the land bridge was submerged, plant
propagules, driven by wind, are presumed to have crossed
from Asia to America in winter when the Bering Strait was
ice covered (Savile 1972).

Whereas one might suspect that when the land bridge
was exposed it provided relatively unimpeded disper-
sal routes between Asian and America, the distribution
of plants shows that for some species the land bridge
was a filter or even a complete barrier to movement.
There are examples of some species that barely reach the
opposite shore (Populus balsamifera and Viburnum edule
on Chukotka and Potentilla fragiformis and Ranunculus
monophyllus in Alaska) (Figure 2, pattern IV). A complex
biogeographic history with distinct spatial and temporal
components has created a flora rich in the circumpolar el-
ement but also one of vicariant taxa, intercontinental dis-
junctions and, for this latitude, a high level of endemism.

Several molecular studies support Hultén’s hypoth-
esis that unglaciated Beringia was a Quaternary refugium
for plants (Tremblay and Schoen 1999, Abbott et al. 2000,
Thompson and Whitton 2006, Eidesen et al. 2007a,b).
Beringia is therefore key to understanding post-glacial
dynamics within and among species. Much of our un-
derstanding of Ice Age Beringia is based on the study of
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botanical specimens, and one of the largest collections for
Alaska and adjacent areas is at the Herbarium (ALA) of the
University of Alaska Museum of the North.

Botanists in Alaska and adjacent Chukotka have long
noticed a high degree of morphological and cytological
diversification in well-established genera (Yurtsev 1999).
We have now reached the limits of understanding diver-
sification through traditional means, and we expect new
molecular genetic evidence will shed light on the historical
biogeography of Beringia.

Large scale biogeographic patterns observed in Berin-
gia, aside from the fully circumpolar species, include taxa
with an (a) amphiberingian distribution (taxa present on
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both sides of the Bering Strait and confined to the area
between the Lena and Mackenzie rivers), (b) taxarestricted
(endemic) to Western Beringia, (c) taxa that are endemic
to eastern Beringia, and (d) taxa vicariant or with disjunct
occurrences.

Reconstructing histories of taxa has long been an in-
terest of botanists and requires the careful integration of
phylogeny, biogeography, ecology and paleodistribution
over time. The development of better analytical tools to in-
fer historical biogeography as well as the ability to estimate
dates for dispersal and diversification has set the stage for
a new look at the origin and evolution of Beringia plants.
This paper reviews the advances in studies of biogeo-
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Figure 1. Large scale biogeographic patterns in Beringia with
the maximum extent of the Bering Land Bridge during the
Last Glaciation showing in yellow (modified from Elias and
Crocker 2008). Distribution of (A) Amphiberingian Primula
borealis (light green) after Guggisber et al. 2006; (B) Western
Beringia Carex melanocarpa (orange) based on specimens

at ALA (orange dots) and of Western Beringian endemic
Cardamine sphenophylla (purple polygons at arrows) (after
Petrovsky 1975); (C) Eastern Beringia Douglasia alaskana
(light blue) based on specimens at ALA (blue dots) and of
Eastern Beringian endemic Parrya nauruaq (red polygons at
arrows based on specimens at ALA) and (D) vicariant species
pair Artemisia kruhsiana (blue dots based on ALA specimens)
and Artemisia alaskana (red dots based on ALA specimens),
inset shows reduced phylogeny after Tkach et al. 2007.

graphic patterns found in Beringia in the spirit of Eric Hul-
tén’s visionary statement made in 1937: “...This land-mass,
which I shall hereinafter call Beringia, must have been a
good refugium for the biota during the glacial period..”.

Hypotheses and goals

Evidence from ecology, biology, geology, and bio-
geography has revealed complex patterns of diversifica-
tion. It is now time to review these patterns, ask questions,
and seek answers with molecular data as to the role Ber-
ingia played in shaping the composition of the flora today.
We have developed four questions: (i) is there evidence for
the Bering Land Bridge acting to structure genetic diver-
sity? (ii) which factors allowed the Bering Land Bridge to
act as a dispersal route for some plants, but not others? (iii)
which plant groups show effects of a refugial existence in
Beringia? (iv) are certain plant groups disjunct in Asia and
America and recent arrivals to Beringia or are they relicts?

Materials and methods
Literature Review: Using Web of Science® we

searched by keywords ‘Beringia’ and ‘plant’ (= 53
records) for an initial estimate of studies that have
been conducted in Beringia. To focus the review fur-
ther we surveyed the following journals for studies
from 2003 (the last thorough review on the subject by
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I. Amphi-Beringian, well established
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IV. Plants well established on one side of the Bering Strait, known from few localities on the opposite shore

on both sides of the Bering Strait,
endemic to Beringia Asia America
Aconogonon hultenianum var. hultenianum z?er;zigli):ljarrl)iwtgfat:a gzv\l;::érﬁz;?;:ﬁ: d Al hr?grrl;)usl esci_r:choltz:anus C:utot::a Pen!nsu:a
Anemone multiceps Kobresia filifolia subsp. subfilifolia ~ Seward Peninsula Populus balsamiera cpueotea eninsua
Artemisia glomerata b ! ! : . . Viburnum edule Chukotka Peninsula
: ! ! otentilla fragiformis Western shore Bering Strait
Cardamine blaisdellii Ranunculus monophyllus Western shore Bering Strait
Cherleria chamissonis
Eritrichium chamissonis
Oxytropis czukotica
Papaver gorodkovii
Pedicularis pacifica V. Asian taxa reaching the Bering Strait but not in America VI. American taxa reaching the Bering Strait but not in Asia
Phlox alaskensis
Podlistera macounii Artemisia lagocephala Boykinia richardsonii
Primula borealis (Figure 1A) Dicentra peregrina Lupinus arcticus
P. tschuktschorum Eritrichium villosa Mertensia paniculata
Puccinellia wrightii Polygonum tripterocarpum Saxifraga reflexa
Rumex beringensis Rhododendron aureum
Rumex krausei Silene stenophylla
Salix phlebophylla Smelowskia (Ermania) parryoides

Saxifraga nudicaulis
Smelowskia porsildii
Therorhodion (Rhododendron) glandulosum

VII. Vicariants with gaps in the Bering Strait

L E E—— - Asia America
Artemisia kruhsiana (Figure1D) Artemisia alaskana (Figure 1D)

Artemisia globularia subsp. lutea Artemisia senjavinensis Artemisia androsacea
Douglasia alaskana (Figure 1C) Astragalus tolmaczevii Astragalus richardsonii
Douglasia beringensis Astragalus tugarinovii Astragalus aboriginum
Eritrichium splendens Salix boganidensis Salix arbusculoides
Oxytropis sordida var. barnebyana

Oxytropis kobukensis

Oxytropis kokrinensis
Parrya nauruaq (Figure 1C)
Primula anvilensis
Saxifraga spicata

VIII. Asiatic steppe taxa with restricted occurrence in Eastern Beringia

Asia America

Alyssum obovatum Alyssum obovatum
Artemisia rupestris subsp. rupestris Artemisia rupestris subsp. woodii

Carex sabulosa subsp. sabulosa Carex sabulosa subsp. leiophylla
1ll. Western Beringian endemics

Androsace filiformis

Cardamine sphenophylla (Figure 1B)

Carex melanocarpa (Figure 1B)

Numerous taxa of Oxytropis, Papaver, and Poa

Figure 2.




Abbott and Brochman in 2003) to Dec. 2008: Systematic
Botany, American Journal of Botany, Systematic Biology,
Journal of Biogeography, Evolution, Molecular Ecology,
and Science. We have limited our discussion to taxa that
have a major distributional range within Beringia and have
eliminated studies that are only marginal to the region.
Evaluation of biogeographic patterns: The litera-
ture review revealed a large disparity in taxon sampling,

molecular markers and general genetic patterns recorded.
For each paper we recorded the type of material (mostly
genetic marker) used and the general pattern of biogeo-
graphic diversification reported, as well as whether diversi-
fication in the refugium was recent or ancient as a function
of observed genetic diversity (Figure 4).

Results

New studies underscore the importance of Beringia in
diversification of plants. Our survey of the literature from
2003 to 2008 identified 32 articles that involved ‘plants’ and
‘Beringia’. Overall, the majority of papers corroborates
Hultén’s hypothesis of Beringia as an unglaciated Quater-
nary refugium, with some additional interesting findings
relating to survival of certain boreal tree species in Beringia
(Figure 4).

Beringia as a Glacial Refugium: Numerous studies have
shown that Beringia acted as a refugium for arctic herbs and
shrubs (Figure 4), but little is known about the role of this
refugium for trees. A study by Brubaker et al. (2005) based
on pollen and microfossils supports a glacial refugium
for boreal Larix and Picea glauca in eastern Beringia, and
Pinus pumila in Western Beringia. Similarly, Anderson et
al. (2006) documented several populations with unique
halpotypes and high allelic diversity in Alaska for Picea
glauca, providing evidence that white spruce survived the
Last Glacial Maximum in Eastern Beringia refugia, rather
than having arrived by long-distance dispersal from areas
outside of Beringia.

Bering Land Bridge — A Dispersal Highway: That the
Bering Land Bridge has acted as a dispersal highway is
supported by numerous studies and is evident in the large

A 2 O

known from both sides of the Bering Strait (amphiberingian).

component of circumpolar plants studied thus far (Figures
2-3). In addition, species diversity with an amphibering-
ian distribution is very high (Figure 1A; Figure 2, pattern
I), attesting to the evolution in Beringia due to glacial
cycles. These dynamics have resulted in high levels of
allopolyploidization and other evolutionary reticulations
during speciation in Beringia tundra plants (Abbott and
Brochmann 2003).

Bering Land Bridge acting as a Filter: The Bering Land
Bridge as a filter may be reflected in those taxa just manag-
ing a foothold on the opposite shore (Figure 2, pattern IV).

Bering L.and Bridge acting as a Barrier: Although West-
ern and Eastern Beringia share many species, more inter-
esting are those taxa that are limited to either side of the
Bering Strait (Figure 1B-C; Figure 2, patterns II, III). Other
taxa are widespread throughout Asia and North America,
reach the Bering Strait, but not the opposite side (Figure 2,
patterns V-VI). We interpret these distributional patterns
as evidence for the land bridge acting as a barrier to the
“free” dispersal of taxa. Recently, Elias and Crocker (2008)
documented a moisture barrier for the dispersal of steppe-
tundra biota as an explanation for the disparate distribu-
tion of taxa common to Western Beringia but absent from

Eastern Beringia.
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Relicts or Recent Arrivals: While the geologic history
of the Bering Land Bridge provides explanations for the
complexity of today’s flora, the disjunct distribution of
vicariant grasses and sagebrush (Artemisia) species of the

same genera on either side of the Bering Strait are presumed
related to relict tundra or steppes that were more wide-
spread in the past (Murray et al. 1983) (Figure 2). In an
exemplary study Alsos et al. (2007) document long-dis-
tance dispersal from several source regions to the arctic-
archipelago Svalbard using DNA fingerprinting, and simi-
lar studies can now be undertaken for testing postglacial
dispersal versus relictual distributions in Beringia.

For example the recent study by Tkach et al. (2007)
shows that Artemisia kruhsiana from Western Beringia
and Artemisia alaskana from Eastern Beringia are sister
taxa based on analysis of molecular data in a large phylog-
eny of the genus Artemisia (Figure 1D; Figure 2, pattern VII).
We intend to use a larger number of accessions through-
out their biogeographic range to confirm whether these
two morphologically very close taxa are indeed distinct.
Subspecies rank for these taxa has recently been proposed
by Elven and Murray (2008).

Future prospects

Explicit tests of the aforementioned hypotheses are
needed to clarify the role that the changing Beringia
environment played in the distribution of its flora.
Molecular analyses at the intraspecific level, focused on
the historical associations among populations, promise to
reveal historic dispersal and vicariant events (Avise 2000).
Because of the variation inherent in the evolutionary
process among genetic loci, an approach for testing the
fit of gene trees to models of population divergence is
necessary. Genetic simulations based on coalescent theory
(Kingman 2000) provide such tests by generating expect-
ed distributions of gene trees given population models.
DeChaine (2008) demonstrated the utility of this approach
for the Beringia flora, while underscoring the limited
number of datasets available for such analyses and the
demand for further analyses.
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Pattern Expansion Taxon Markers Reference

Bering Land Bridge (BLB; Miocene) Expansion Ancient (BLB), | Cerastium (Caryophyllaceae) cpDNA Scheen et al. 2004
North Atlantic Land Bridge (NALB) Quaternary (NALB)

Beringia Glacial Refugium Ancient Arabis drummondii, A. holboellii (Brassicaceae) cpDNA Dobes et al. 2004
Beringia Glacial Refugium Recent Vaccinium uliginosum (Ericaceae) cpDNA Alsos et al. 2005
Beringia Glacial Refugium Recent Townsendia hookeri (Asteraceae) cpDNA Thompson & Whitton 2006
Beringian Glacial Refugium Ancient? Vaccinium uliginosum Beringian/ N Canadian group (Ericaceae) nrDNA, coDNA, AFLP Eidesen et al. 2007a
Beringia Glacial Refugium Recent Artemisia arctic species (Asteraceae) nrDNA Tkach et al. 2007
Beringia Glacial Refugium Recent Cassiope tetragona (Ericaceae) cpDNA, AFLP Eidesen et al. 2007b
Beringia Glacial Refugium Recent Populus, Larix, Picea, Pinus, Betula, Alnus/Duschekia Pollen from LGM Brubaker et al. 2005
Beringia Glacial Refugium Recent Oxyria (Polygonaceae) cpDNA Marr et al. 2008
Beringia Glacial Refugium and Ancient Saxifraga rivularis complex (Saxifragaceae) AFLP Jorgensen et al. 2006
BLB Filter/Barrier

Beringia Glacial Refugium and Recent Rubus chamaemorus (Rosaceae) AFLP Ehrich et al. 2008

BLB Filter/Barrier

BLB Filter/Barrier Not avail. Cardamine digitata aggregate (Brassicaceae) cpDNA Jorgensen et al. 2008
Beringia Glacial Refugium + other long | Recent? Potentilla sect. Niveae (Rosaceae) cpDNA, AFLP Eriksen & Toepel 2006
distance dispersal W to E

Figure 4.
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Figure 5. Parrya nauruaq (Brassicaceae), newly described
Eastern Beringian endemic from the Seward Penninsula,
Alaska.
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Recent Notable Floristic Records from Northwestern Alaska

By Carolyn Parker and Steffi Ickert-Bond

Abstract

Botanical surveys in northwestern Alaska, including the
National Park Service’s Inventory and Monitoring (I&M)
Arctic Network and Shared Beringian Heritage Program
inventories, have made several contributions to our knowl-
edge of the regional flora. Three species new to science
have been described: Parrya nauruaq, Primula anvilensis,
and Douglasia beringensis. The occurrence of six species,
previously known only from the Russian Far East and
westward, have been documented: Potentilla fragiformis,
Ranunculus monophyllus, Saussurea triangulata, Hiero-
chloe annulata, Calamagrostis tenuis, and Kobresia filifo-
lia ssp. subfilifolia. Major westward and northward range
extensions within Alaska have been documented for sev-
eral rare species that link northwestern Alaska with the
circumpolar high arctic (Draba pauciflora), the Canadian
arctic (Festuca edlundiae and X_Dupoa labradorica), and
with endemic-rich interior East Beringia (Oxytropis tanan-
ensis, Lupinus kuschei, Symphyotrichum yukonense, Carex
deflexa, Eriophorum viridicarinatum, and Schizachne pur-
purascens). Future botanical inventories on both sides of
the Bering Strait will certainly yield additional new records
and increase our knowledge of this shared Beringian flo-
ristic heritage.

New to Science

Primula anvilensis S. Kelso (Primulaceae) was first
described from Anvil Mountain, near Nome (Kelso 1987).
Recent collections, including I&M Arctic Network
inventories, have documented the species from several
additional Seward Peninsula sites, the Nulato Hills, the
Baird Mountains, and from Cape Krusenstern National
Monument (NM) and Noatak National Preserve (NP)
(Parker 1999, 20064, 2006b).

Douglasia beringensis S. Kelso, Jurtzev, and D. F.
Murray (Primulaceae) was first collected during an
inventory of Bering Land Bridge NP sponsored by the
Shared Beringian Heritage Program and undertaken by a
team of Russian and Alaskan botanists in 1992-1993 (Kelso
et al. 1994). Additional populations have since been found
in the Moon Mountains, northwest of Nome, and in the
Nulato Hills, Lime Hills, and Kokrines Hills (Parker 1999,
2000, 20064, 2006b). The species is ranked imperiled both
globally and in Alaska (G2S2).

Parrya nauruaq Al-Shehbaz et al. (Brassicaceae)
was first found along the Solomon River on the Seward
Peninsula in 1982, but incorrectly identified. It was not
recognized as being a new species until after a large popu-
lation was found in 2003 in the Moon Mountains, north-
west of Nome. (Al-Shehbaz et al. 2007, Parker 2006b). The
known distribution of this new species remains restricted
to these two localities. Parrya nauruaq is ranked imperiled
both globally and in Alaska (G2S2).

New to North America
Potentilla fragiformis Willd. (Rosaceae) was collected at
Sheshalik in Cape Krusenstern NM during the 2001 I&M

Arctic Network inventory. This was thought to be the first
record in Alaska for this attractive cinquefoil, previously
known only from the Russian Far East. However, a care-
ful review of specimens from several herbaria disclosed
that it had been collected previously in Alaska, but had
been misidentified (Parker 2006a). P. fragiformis is now
documented from Kivalina, St. Paul Island, St. Lawrence
Island, and the lower Baldwin Peninsula, south of Kotze-
bue. The species is currently ranked imperiled to critically
imperiled in Alaska, although it is widespread globally
(G4S1S2).

Ranunculus monophyllus Ovczinn. (Ranunculaceae),
a bright yellow buttercup, was collected in 1998 dur-
ing a BLM survey in the Nulato Hills (Parker 1999).
The species is widespread in Russia, Europe, and
Greenland. Following the collection in Alaska, a re-
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Figure 1. Parrya nauruaq was described as a new species in
2007. It is currently known from only two localities on the

Seward Peninsula.
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view of herbarium specimens of the similar-looking
R. pedatifidus revealed that R. monophyllus had been
collected previously at Bluff, on Norton Sound, and at
Serpentine Hot Springs in Bering Land Bridge NP, but
had been misidentified (Parker 1999). During the 2003
I&M Arctic Network inventory, R. monophyllus was
collected in the Hugo Creek headwaters of Noatak NP.
The species is currently ranked secure globally and imper-
iled in Alaska (G5S2).

Saussurea triangulata Trautv. & C.A. Mey. (Asteraceae)
was first collected in the Waring Mountains in Kobuk Val-
ley NP, and was quickly recognized as being unlike any

1931ed D Aq ydeiboloyd

Figure 2. Draba pauciflora is an arctic circumpolar species
that only recently was found in Alaska. When in fruit, it
easily blends into the background vegetation.
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Figure 3. Oxytrotis tananensis, an Alaska endemic of dry
rocky slopes, has showy butter-yellow flowers and whorled
(verticillate) leaflets.

Saussurea species known from North America (Parker
200r1). Taxonomists specializing in the genus from both
Russia and U.S. have reviewed this collection and agree
the species is new to North America, and possibly new to
science. It is provisionally being called S. triangulata, a
species known from the Russian Far East and Korea (Keil
2006). During the 2002 I&M Arctic Network inventory,
the first known population was revisited, and a second
very small population was found approximately 2 miles (3
km) to the northeast. Regardless of its ultimate taxonomic
resolution, the species is ranked critically imperiled in
Alaska (G?Sr).

Figure 4. I&M volunteer botanist Heather McIntyre arranges plant presses for drying at Onion Portage, Kobuk Valley NP.

Hierochloe annulata V.V. Petrovsky (Poaceae); Cal-
amagrostis tenuis VN. Vassil. (Poaceae); Kobresia filifolia
(Turcz.) C.B. Clarke ssp. subfilifolia T.V. Egorova, B. Jurtz.
and V.V. Petrovsky (Cyperaceae). These three graminoid
species were collected in the central and northern Seward
Peninsula during an inventory of Bering Land Bridge NP
sponsored by the Shared Beringian Heritage Program in
1992 and 1993 and undertaken by a joint team of Alaskan
and Russian botanists. Each of these species has a broad
northern Russia distribution; however, these are the first
records for each from North America. Rankings for rarity
in Alaska have not been established.
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New to Alaska

Draba pauciflora R. Br. (Brassicaceae) was collected
from two localities on the north slope of the Endicott
Mountains during the 2002 I&M Arctic Network inven-
tory in Gates of the Arctic National Park and Preserve
(NPP) (Parker 2006a). These were the first records from
Alaska for this high arctic circumpolar species. A review
of similar looking Draba herbarium specimens disclosed
that it had been previously collected near Barrow, Alaska,
but misidentified. Also known from the Canadian Arctic
Archipelago, Greenland, Svalbard, and northern Chukot-
ka, Russia, these Alaskan records fill a distribution gap for
the species. Draba pauciflora is ranked widespread glob-
ally and critically imperiled in Alaska (G4Sr).

X_Dupoa labradorica (Steud.) ]. Cay. & Darbyshire
(Poaceae) was collected from both Cape Krusenstern NM
and Shishmarof Lagoon in Bering Land Bridge NP dur-
ing the 2001 I&M Arctic Network inventory. During the
2003 I&M inventory it was found in the vicinity of Kot-
zebue, and along the Espenberg River in Bering Land
Bridge NP (Parker 2006a). These were the first records
for this grass hybrid (between Poa eminens and Dupon-
tia fisheri) since it was originally described from Hudson
Bay, Canada (Cayouette and Darbyshire 1993). More recent
collections have documented the hybrid from Goodnews
Bay and the lower Yukon River Delta in southwestern
Alaska. X_Dupoa labradorica should be expected to oc-
cur in any northern Alaskan coastal region where both
parental taxa are found. Rarity status is not applied to
hybrid species.

Festuca edlundiae S.G. Aiken, Consaul, & Lefk. (Poace-
ae) was collected on the north slope of the Endicott
Mountains in Gates of the Arctic NPP during the 2002
1&M Arctic Network inventory. This first Alaskan record
fills a distribution gap for this high arctic circumpolar spe-
cies that also occurs in the Canadian arctic, Greenland,
Svalbard, and the Russian Far East (Parker 2006a). Festuca
edlundiae is ranked rare to widespread globally and criti-
cally imperiled in Alaska (G3G4S1).

A S 5

Range extensions of East Beringian rare plants
into northwestern Alaska and the Arctic
Network parklands

Carex deflexa Hornem. (Cyperaceae) was collected
in a dry meadow near Reed Hot Springs in Gates of the
Arctic NPP during the 2002 I&M Arctic Network inven-
tory (Parker 2006a). The species is known from boreal
North America and Greenland, and is found in the Yukon-
Tanana uplands of interior Alaska. This record of C. defl-
exa is a northwestward range extension of over 250 miles
(400 km). The species is ranked globally secure and criti-
cally imperiled to imperiled in Alaska (G4S1S2).

Schizachne purpurascens (Torr.) Swallen (Poace-
ae) was also found growing in a dry meadow adjacent
to Reed Hot Springs in Gates of the Arctic NPP dur-
ing the 2002 I&M Arctic Network inventory (Parker
2006a). This grass of boreal Asia and North America
is known from south of the Alaska Range, hence this
record documents a northward range extension of ap-
proximately 375 miles (600 km). Schizachne purpurascens
is ranked secure globally and imperiled in Alaska (G5S2).

Eriophorum (Engelm.)  Fernald
(Cyperaceae) was collected in a species-rich bog mead-
ow southwest of Walker Lake in Gates of the Arctic NPP
during the 2002 I&M Arctic Network inventory (Parker
2006a). A cottongrass of boreal North America, this record
is a northward range extension of over 315 miles (500 km).

viridicarinatum

Eriophorum viridicarinatum is ranked secure globally and
imperiled in Alaska (G5S2).

Oxytropis tananensis Jurtzev (Fabaceae) is a yellow-
flowered oxytrope that was first described from a xeric
steppe bluff above the Tanana River in interior Alaska
(Yurtsev 1993). A review of herbarium specimens has ex-
tended the known range of the species to additional
Tanana River sites and the Porcupine River valley. The
2001 I&M Arctic Network inventory documented the
species from the Anisak River valley in Noatak NP, anorth-
westward range extension of 375 miles (600 km) (Parker
2006a). Oxytropis tananensis is ranked imperiled to rare
(G2G3S2S3).

Figure 5. Bob Uhl, Cape Krusenstern NM resident, discusses
the local flora with his guests, Norwegian botanists and
1&M volunteers Heidi Solstad and Reidar Elven.

Lupinus kuschei Eastw. (Fabaceae) was first known from
sandy habitats in northern British Columbia and southern
Yukon, Canada (Dunn and Gillett 1966). An NPS inventory
in Wrangell-St. Elias NPP documented the species from
the Sanford River, and additional collections document
the species from Nogahabara Dunes (Koyukuk National
Wildlife Refuge), the Kugarak River headwaters (Selawik
National Wildlife Refuge), Great Kobuk Sand Dunes
(Kobuk Valley NP), and from the vicinity of Whitehorse,
Yukon. The disjunct distribution within East Beringia of
L. kuschei, as well as those of Symphyotrichum yukonense,
noted below, could be linked to the ancient East Bering-
ian landscape on which the open sandy and gravelly habi-
tats they prefer were more widespread. Lupinus kuschei is
ranked rare globally and imperiled in Alaska (G3S2).

Symphyotrichum yukonense (Cronquist) G.L. Nesom
(Asteraceae) was first described (as Aster yukonensis) from
theKluaneLakeareaof southwestern Yukon,Canada,where
it grows on saline flats of the Slims River (Cronquist 1945).
The species was later documented from the Great Kobuk
Sand Dunes in Kobuk Valley NP, from the central Bettles
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River valley, and from the Oolah Valley in Gates of the
Arctic NPP. During the 2003 I&M Arctic Network
inventory, S. yukonense was found along the middle
Noatak River floodplain in Noatak NP at several
localities. The species is ranked rare (G2S3).

Figure 6. Reidar Elven and Heidi Solstad, botanists from
Oslo, Norway, participated in the Arctic Network I&M inven-
tory for three seasons (seen here in a snowbed meadow in
Cape Krusenstern NM).

1931ed D Aq ydeisboloyd

Recent Notable Floristic Records from Northwestern Alaska
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Genetic Studies Point to Beringia as a Biodiversity
Hotspot for High-latitude Fungi

By Jozsef Geml, Frank Kauff, Gary A. Laursen, and
D. Lee Taylor

Abstract

Despite the critical roles fungi play in the functioning of
ecosystems, especially as symbionts of plants and recyclers
of organic matter, their biodiversity is poorly known in
high-latitude regions. Among these, Beringia, including
Alaska and north-eastern Siberia, has long been a focal
point for biogeographical research in a wide range of
plant and animal taxa. However, the biodiversity and
biogeography of fungi in Beringia are virtually unknown.
We analyzed DNA sequence data from various boreal
and arctic macrofungi using phylogenetic and coalescent
methods to assess the genetic diversity at the species and
intraspecific levels. Our results suggest that Beringia, par-
ticularly Alaska, harbors very diverse fungal communities
and that most arctic and at least some boreal fungal taxa
survived the last glacial maximum in Beringia.

Introduction

Climatic changes in the Quaternary have dramatically
influenced the distribution of mycota, flora and fauna in
high-latitude ecosystems, and had major impacts on past
speciation events and present population structures. While
plants and animals have been extensively studied, very little
is known about the community and population structures
of fungi in arctic and boreal biomes. This is particularly un-
desirable, because fungi play key roles in the decomposi-
tion, mobilization, and the transfer of nutrients to plants in
these nutrient-poor ecosystems.

Beringia, including Alaska and north-eastern Si-
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beria, has long been a focal point for biogeographi-
cal research in a wide range of plant and animal taxa.
This high level of interest arises for two principal
reasons. First, due to its diverse landscape and cli-
mate and the fact that much of the region remained
ice-free during glacial maxima, Beringia served as
a refugium for arctic and subarctic flora and fauna
(Adams and Faure 1997, Brubaker et al. 2005, Edwards et al.
2000, Hultén 1968). Second, during much of the Tertiary
and Quaternary periods, Beringia was the major land con-
nection between Asia and North America and provided
migration routes to a wide variety of organisms (for exam-
ple, see Elias et al. 2000; Qian 1999, Swanson 2003).

As opposed to plants and animals, there has not
been a comprehensive cataloging of fungi in Alaska,
and the richness and biogeograhic origins of Berin-
gia’s mycota remain unknown. Therefore, one of our
primary goals was to initiate the first biodiversity as-
sessment of boreal and arctic fungi in Alaska, con-
ducting genetic analyses based on curated sporocarp
collections. Here, we present an example of a genus-wide
diversity assessment in the ectomycorrhizal Lactarius
Pers.

Beside exploring species-level diversity, we hypoth-
esized that, similar to patterns documented in various
plants and animals (e.g., see MacNeil and Strobeck 1987,
Sperling and Harrison 1994, Abbott and Comes 2003), high
intraspecific genetic diversity can be found in Beringian
fungi. To test it, we sampled populations of selected
boreal and arctic fungi from regions across the North-
ern Hemisphere and carried out phylogenetic and
coalescent analyses.

Methods

For the genus-wide diversity assessment of Lactarius,
383 specimens were collected and deposited in the
Mycological Herbarium (GAL) at the University of
Alaska Fairbanks (UAF). To reduce redundancy, 58 of
these, representing morphological groups and geographic
areas of origin among the collections, were selected
for molecular work. Nucleotide sequences of the de-
sired portions (ITS and LSU rDNA) of the DNA sam-
ples were obtained using standard molecular protocols
(DNA extraction, polymerase chain reaction, cycle se-
quencing etc.). Additional sequence data of all Lactarius
species available in GenBank was downloaded and in-
corporated into multiple sequence alignments and phy-
logenetic analyses for reference. Putative Alaskan spe-
cies groups were detected as phylogenetic groups of
sequences.

Four species (Amanita muscaria, Lichenomphalia
umbellifera, Flavocetraria cucullata, and Flavocetraria
nivalis) were chosen for intraspecific analyses, based on
their circumpolar distributions and the availability of
materials from the major northern geographic regions.
Molecular data was obtained as described above and was
subjected to phylogenetic and coalescent analyses to
study the population histories and characteristics.

Results

Phylogenetic analyses revealed 28 putative species
groups in the genus Lactarius in Alaska. These were
broadly distributed on the genus-wide tree and grouped
with several major infrageneric groups. It was often
possible to identify these groups to known species, al-
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Figure 2. The Amanita muscaria, the Fly Agaric, morphologi-
cal species includes at least three distinct, sympatric phylo-
genetic species in Alaska.

though in many cases Alaskan sequences formed unique,
unidentified clades that may represent newly discovered
entities (Figure 1).

The intraspecific analyses showed very high genetic di-
versity in Alaska, particularly in the boreal ectomycorrhizal
mushroom Amanita muscaria. In this morphological spe-
cies, we discovered three non-interbreeding phylogenetic
species that occur in sympatry in Alaska (Figures 2-3). Two
of these are ‘Eurasian’ clades (Clades II-III), while one is

A S O

‘North American’ (Clade I), based on their geographic
distribution. To our knowledge, the ‘Eurasian’ clades do
not occur in North America outside Alaska. Furthermore,
coalescent analyses revealed the genetic isolation of
the endemic Alaskan sequence types from the rest
of their ancestral population, suggesting local sur-
vival for an extended period, including at least one
glacial maximum.

All three arctic fungi sampled in our study also
showed high intraspecific diversity, but they lacked
significant phylogeographic structure, likely as a result
of frequent, long-distance dispersals across the Arctic.
Despite the effective strategies for rapid postglacial
colonization, there were slight differences among differ-
ent arctic regions, Alaska hosting reliably the most diverse
populations.

Discussion and conclusions

Biodiversity: Arctic and boreal plant communities are
frequently described as relatively species poor and having
simpler patterns than those in more southern biomes (e.g.,
Whittaker 1975, Scott 1995, Walker 1995). Our genus-wide
diversity assessment suggests that at least one group of
ectom corrhizal fungi, the genus Lactarius, likely is diverse
in Alaska, particularly when comparing our data to the
other estimates of basidiomycete diversity (O’Brien et al
2005, Allison et al 2007). Based on the phylogenetic breadth
of our sequences, most, if not all, known major phyloge-
netic groups of Lactarius are represented in Alaska. This is
in sharp contrast to the trend seen in the non-mycorrhizal
saprotrophic Agaricus L.:Fr.,where only three section-level
phylogenetic clades (half of the six known globally) are rep-
resented in Alaska (Gemil et al. 2008). Our future plan is to
assess the diversity of other important Alaskan genera:
Russula, Cortinarius, Hebeloma, Inocybe, Galerina etc.

Putative forest refugia during the Last Glacial Maximum
in Alaska: Whether fragments of boreal forest existed in
Beringia during the Last Glacial Maximum (LGM) is a
major, but, as yet, unanswered question in quaternary
science. Because most of the discussion has been centered

on palynological data, using molecular phylogeography of
ectomycorrhizal fungi, as presented here, may help us better
understand past vegetation patterns in Beringia. The like-
ly importance of host trees in the distribution of ectomy
corrhizal fungi has been repeatedly noted, given the obli-
gate nature of the symbiosis, particularly from the fungal
perspective.

Our data show support for at least two endemic region-
al populations of A. muscaria in different parts of Alaska,
both of which exhibit genetic isolation and differentiation
from other populations. Because non-Alaskan popula-
tions most likely survived the LGM in refugia south of
the major ice shields, the lack of migration between these
and the Alaskan ones suggests local survival of the latter,
implying forest refugia in Alaska. Our findings support
the existence of at least two independent such glacial
forest refugia: 1) boreal forest in Interior Alaska; and 2)
maritime rainforest in Southeast Alaska and the Pacific
Northwest. The possible existence of isolated forest refugia
in Interior and Southeast Alaska is also supported by sever-
al other independent lines of evidence (e.g., see Flemming
and Cook 2002, Carrara et al 2003, Brubaker et al 2005,
Weckworth et al 2005, Anderson et al 2006).

High intraspecific diversity and long-range dispersal in
arctic fungi: Despite the high genetic diversity observed, we
found no phylogeographic structure in the three arctic spe-
cies examined (L. umbellifera, F. cucullata, and F. nivalis),

high gene
the Arctic. Several sequence types, particularly the an-

indicating levels of flow  across
cestral ones, were distributed over multiple continents,
suggesting effective dispersal. As opposed to morpho-
logical species from boreal and temperate regions that
often comprise multiple evolutionary lineages, mor-
phological species and phylogenetic species seem to
correspond well in the arctic fungi we analyzed. In
other words, there appear to be no genetic isolation
among populations inhabiting different geographic
areas. Onthe other hand, slight differences stillremainin the
overallgeneticdiversityamongdifferentregions,andthehigh

diversity values observed in Alaska, for example, could be
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explained by the glacial history and/or the climatic and
landscape variability. %2
Management implications

We are providing pioneer data on the diversity of
Alaskan fungi, including the discovery of several putative-
ly novel species. Such baseline information is crucial for
preserving biodiversity and ecosystem function in Alaska
national parks. Also, the resulting ‘DNA barcode’ database
is useful for current and future ecological and biodiversity
studies. Finally, insights into fungal migration histories and e12

0.8

observed common patterns contribute to improved infer-
ences concerning glacial refugia and to the understanding Clade ll
of the present geographical structure of genetic diversity

in arctic organisms. Knowledge of both past migration his- 35
tory, a key to prediction, and present day genetic diversity 9
are essential to respond intelligently to global change.
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Cultural Vulnerability and Resilience in the Arctic: Preliminary Report
on Archeological Fieldwork at Cape Krusenstern, Northwest Alaska

By Shelby Anderson, Adam Freeburg, and
Ben Fitzhugh

While natural scientists track environmental change in
response to global warming, less attention has been direct-
ed towards human interface with long term Arctic environ-
mental dynamics. Current research at Cape Krusenstern,
Alaska, seeks to address this deficit through investigation
of human-environmental interactions recorded in arche-
ological and paleoenvironmental data spanning the last
4,000-5,000 years at the Cape, building on the pioneering
work conducted at Krusenstern by J. Louis Giddings and
Douglas D. Anderson. Systematic survey and use of new
mapping technology to record cultural and natural features
are methods central to addressing these research ques-

Figure 1. Cape Krusenstern beach ridge complex.
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tions. Discovery of new archeological features indicates
occupation of the Cape was more extensive over the last
1,000 years than previously thought, although additional
fieldwork and analysis are needed.

Introduction

Global warming is dramatically impacting the
Arctic, bringing about fundamental changes in hu-
man lifestyles. This is apparent in countless scientific
studies and the testimony of life-long arctic residents
(Hassol 2004, Krupnik et al. 2002). While natural scientists
strive to track earth systems changes in response to the
rapidly
been directed

environment, less attention has
at understanding human
with long-term dynamics of environmental change
in the Arctic. This research seeks to address this

deficiency through an investigation of human-environ-

evolving
interface

mental interactions recorded in archeological and pa-
leoenvironmental data spanning the mid-to-late Holocene
in Northwest Alaska. The goal is to better understand the
dynamics linking human and environmental systems in
Northwest Alaska and to assess the critical factors that limit
or enhance cultural vulnerability and resilience to environ-
mental change in the north.

To achieve these goals, the University of Washington
(UW) and the National Park Service (NPS) are currently
engaged in a multi-year interdisciplinary research project
at Cape Krusenstern National Monument in Northwest
Alaska (Figure 2). In2006, the NPS led an archeological field
project at Krusenstern, and in 2008 UW carried out the
first of three additional field seasons that will continue

through the summer of 2o010. This research seeks to build
on the pioneering work of J.Louis Giddings and Doug-
las D. Anderson (1986) by conducting the first systematic
survey of the beach ridge complex and through the use of
new mapping technology to precisely record cultural and
natural features. Numerous new radiocarbon dates will
be obtained as part of this effort to build on and refine
existing archeological data sets from Cape Krusenstern.
Synthesis of new, high resolution paleoenvironmental
and archeological data collected at Krusenstern will help
address long-standing questions about the relationship
between local and regional environmental change and
past human lifeways. Fieldwork is ongoing, but prelimi-
nary findings suggest occupation of the Cape was more
extensive over the last 1,000 years than previously thought;
numerous previously unknown archeological features
were identified in 2008 on beach ridges dating to this
time period. Additional fieldwork and analysis is neces-
sary to better understand how new data may alter exist-
ing understanding of settlement patterns at Krusenstern,
but the work conducted to date illustrates the potential of
Cape Krusenstern archeology in answering long-standing
questions about human-environmental interactions in the
Arctic.

A Unique Paleoenvironmental and Archeological
Landscape

Thebeachridge complexlocated at Cape Krusensternis
an ideal place to address questions about archeological and
paleoenvironmental change over time. The Krusenstern
beach ridge complex is the most extensive in Northwest
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Alaska, encapsulating over 4,000 years of human occupa-
tion as well as a record of past coastal environments (Ma-
son and Jordan 1993). Beach ridges at Krusenstern develop
during decade- to century-long periods of fair weather
and are eroded during periods of coastal storminess. The
approximately 9,000-acre complex contains over 70 dis-
tinct beach ridges, forming a ‘horizontal stratigraphy’ with
archeological remains progressively older inland (Figure 1).
The beach ridges themselves are a record of fluctuating sea
level, wave energy and wave direction as the beach ridge
complex formed during the mid-to-late Holocene. Human
occupation of the Cape spans from approximately 4,000
years ago to the present, encapsulating numerous cultural
traditions and recording important changes in subsis-
tence, settlement, and socio-economic organization that
occurred throughout the region (Giddings and Anderson
1986, Harritt 1994, Schaaf 1988). A rich ethnographic and
ethnohistoric record (Burch 1998) indicates close connec-
tion between cultural organization and environmental
variability in the more recent past, suggesting that human-
environmental dynamics were important throughout pre-
history.

Methods

Archeological field methods are directed at sys-
tematically collecting samples and spatial data across
the beach ridges, as well as precisely mapping relation-
ships between archeological and environmental features
for the first time. Use of high precision, high accuracy
Global Positioning System (GPS) units to collect spatial
data is central to gathering the data needed to address
project research questions. GPS technology allows rapid
recording of feature size, shape and condition informa-
tion as field crews survey and test the beach ridge complex
(Figure 3). Trimble GeoXH and ProXH units used with
Zephyr antennas can be accurate to within 8 inches (20
cm) after data postprocessing. The challenge of connecting
archeological sites with specific beach ridges is a criti-
cal, and until recently, very difficult aspect of conducting
fieldwork at Krusenstern. New high resolution orthorecti-
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fied imagery for the area (Manley et al. 2007), along with
GPS and Geographic Information System (GIS) technol-
ogy, make this task much simpler. The project GIS com-
bines GPS spatial data with site condition and collec-
tions information, making the GIS a useful research and
management tool.

Integrating data from previous archeological work
at Krusenstern is an important component of the
research. To achieve this, Giddings’ original spatial
data was collected from two annotated aerial photo-
mosaics, which were imported into the project GIS and
georeferenced (Figure 4). Archeological features marked
on the photos were digitized and the spatial placement
of each feature location cross checked with orthographic
imagery. While site locations generated through this pro-
cess are not always precise, this provides the informa-
tion needed in the field to determine whether or not a
feature was recorded previously. Most importantly, it is
now possible to connect existing dates and excavation data
with specific features, which are in the process of being re-
recorded and incorporated into the project GIS along with
new archeological data.

2006 and 2008 Field Seasons:
Preliminary Findings

It is estimated that over 600 archeological sites and
features were identified on the beach ridge complex be-
fore 2006. These sites were primarily recorded by Gid-
dings and his students who worked at Krusenstern in the
late 1950s to early 1960s. The NPS, however, estimates
that before 2006, the beach ridge complex was only ap-
proximately 30% surveyed. Considerable potential exists
for new archeological discoveries and the results of the
first two seasons of field work support this. In addition to
previously reported and excavated features, numerous
previously undocumented features were recorded in 2006
and 2008 (Figure §). To date, approximately 2,400 acres of
the beach ridge complex have been systematically surveyed
and over 1,280 archeological features have been recorded
by the current project. Many of these newly recorded fea-
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Figure 3. Recording feature with GPS unit.

tures are smaller house or storage features that are not as
densely clustered as the large settlements that were the
focus of previous investigations. Although new features
were recorded in survey areas across the beach ridge com-
plex, many of these features date to the last 1,000 years.
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Figure 4. Documenting Giddings’ site location information.

In addition to survey and mapping activities, several site
areas were tested in 2006 and 2008 (Figure 6) in order to
collect well-provenienced samples for dating and other
analyses (Figure 7). A total of 19 radiocarbon dates were
obtained in 2006, and dating yielded ages from 6420 BP to
280 BP (before present). The 6420 BP date is likely due to
accidental sampling of old wood, as the beach ridges them-
selves did not begin to form until sea level stabilized in
the region between 5,000 and 4,500 years ago. Additional
samples from the 2008 field season will be submitted for
dating in winter 2009.

Discussion

Previous settlement reconstructions indicate that
population increased at Krusenstern until about 500 years
ago, based on the number and density of house features,
and then decreased after this time as people dispersed,
perhaps to focus on different resources (Anderson 1984).
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This pattern at Krusenstern is in contrast to that known
for other large settlements around Kotzebue Sound, such
as Point Hope and Wales, where population continued to
increase over the last 500 years (Mason 1998). Per-
haps this is because people continued to have access
to whales and other large marine mammals in these
other locations while people living at Krusenstern did not
(Anderson 1984). New survey information, particularly
for the last 1,000 years, will be important in re-evaluating
existing settlement models and population estimates for
Krusenstern. Reconsidering Krusenstern’s place in the
regional socio-political sphere in light of this settlement
data may also yield interesting results. Additional survey
data and radiocarbon dating will provide information on
the timing and nature of changes in settlement densities,
as well as data on house size and configuration that may
indicate changes in social organization at Krusenstern.

In addition to addressing our research questions, the
data generated by this project is important for NPS re-
source management purposes. The integration of old and
new archeological data into a GIS will make it easier for
NPS archeologists to fully utilize project findings and share
information with other park staff. The incorporation of
legacy data into the project GIS means that as fieldwork
continues, current feature condition can be compared to
that recorded by Giddings 50 years ago. Long-term data on
site condition is important for understanding future po-
tential impacts to archeological sites at the Cape.

Summary and Conclusions

At Cape Krusenstern we have the opportunity to
undertake a comprehensive study of past human and
environment interactions in a place where human oc-
cupation appears to be nearly continuous over the last
4,000+ years. Previous research at Krusenstern has pro-
vided a strong framework for integrating archeological
and paleoenvironmental research through this new study.
With new tools like high resolution GPS, the beach ridge
complex can be systematically surveyed, mapped, and
sampled for the first time. Findings to date show interesting

patterns in settlement size and density, and illustrate how
questions about changing settlement, demography, and
mobility will be addressed through additional fieldwork
and analysis. An improved chronology for the occupation
at Krusenstern will also have regional level implications.
In the 2009 and 2010 field seasons, fieldwork will be
focused on testing to gather more samples for dating and
analysis from features across the beach ridge complex,
although the survey and mapping effort will continue as
well. Given the important place of Krusenstern in our
understanding of regional cultural evolution, the new
archeological and paleoenvironmental research carried
out at Krusenstern will be relevant to research in both
fields across greater Beringia. More information about
the project is available on the website: http://students.
washington.edu/shelbya/CAKR _Project.shtml
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Figure 5. Mapping previously excavated features.

Figure 6. Testing archeological features.
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Figure 7. Artifact recovered during testing activities.
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2006-2008 Investigation of the Old Eskimo
Settlement Kivak, Providenskiy District,
Chukotka Autonomous Region, Russia

By Aleksandr A. Orekhov

In 2006-2008 an archeological team from North-
eastern State University (NESU) in Magadan, Russia,
conducted emergency rescue work on the archeological
monuments near Kivak Lagoon, based on a request from
the Department of Culture of Chukotka Autonomous
Region. The money from a designated fund financed this
research, which was overseen by A. Os’kin and E. Rogozi-
na. The main goal was to research the 65 feet (20 m) stretch
of coast that is being destroyed by surf waves.

The remains of a semi-subterranean dwelling with two
cultural layers has been partially (50%) preserved here.
The first cultural layer was located at a depth of 2.8-3.7 ft
(0.85-1.1 m) and 16.3-17.2 ft (4.9-5.15 m) above sea level. Its
thickness is 0.7-1.2 ft (0.2-035 m). The layer is composed of
dark brown sandy loam saturated with fat (of pinnipeds?)
and contains the artifacts of the Punuk Culture.

The second layer, which is characteristic of Old
Bering Sea Culture, is located at a depth of 5.8-73 ft
(175-2.2 m). It has a thickness of 1.2-1.5 ft (0.35-0.45 m),
and is 14.7-15.8 ft (4.4-4.75 m) above sea level. This layer
is composed of dark brown sandy loam, which includes
a large number of baleen strips of different sizes that are
located at the same depth. These strips seem to have
been used as a floor covering for thermal and hydro-
insulation, and, perhaps, for hygiene purposes. The
unearthed covering stretches for 173 ft (52 m) and corre-
sponds, not just to the footprint of the dwelling, but, pos-
sibly to the household chore area (dressing of animal car-
casses?).

A large number of household items, marine mam-

mal hunting and fishing tools, as well as tundra and
coastal gathering tools, and pieces of ceramic were
found in the talus of the cultural layers near the dwell-
ing and at the dwelling excavation site. The found
items are mainly made of marine mammal bone, rein-
deer bone and antler, walrus tusk, skin, wood, stone
(siliceous schist is prevalent), whale baleen, and clay.

This article will characterize the complex of dwelling #1
of Kival Settlement. The tool assembly for winter household
activities, such as pinniped hunting nearice holes,underice
fishing, winter transportation of catch, moving across the
frozen snow crust and ice, and clearing the ice holes of ice
attest that this was a winter dwelling.

The large number of the ivory items are covered with
carved decoration. Judging from the straight lines and
the edges of the cuts, the artifacts were carved with iron
gravers. The blade of one graver and two whole gravers at-
tached to bone composite handles were discovered in the
Old Bering Sea cultural layer. The tools mainly made out
of the walrus tusk with characteristic delicate complex Old
Bering Sea ornamentation are the most interesting. The
linear geomentrical motifs are characteristic. The main ele-
ments of the ornamentation are parallel lines (from two to
five) that often form various figures (with different config-
urations) such as oval, half oval, circle, triangle, lines con-
necting different elements, lines with short perpendicular
lines, teeth, and dots. Complex compositions accordingly
fill out and organize the surface of the object with consid-
eration for its shape. As a rule the ornamentation covers
the whole surface of the tool.

The toggling harpoon points with the side in-
serts are the most characteristic feature of the Old

Bering Sea culture. Many different sizes of the decorated
toggling harpoon points (28 whole points and 5 fragments)
of the Old Bering Sea type were found. The harpoon
points have single (sometimes double or triple) prongs,
one hole for the rope [lin’], and grooves for the two side
flint retouched inserts. In ten cases, the center of the cir-
cles and ovals were marked with round convexity. Tools
with such micro-relief are characteristic for the Old Ber-
ing Sea Culture. One harpoon point has a slit at the tip for
the spike insert and a small hole on a prong (for poison?).
Punuk toggling harpoon points (including the whale ones)
with one prong and one hole for the rope, have a slit for the
spike insert.

Other elements of the harpoon assembly are present
in the tool assemblages. The spiked base of the harpoon
shaft, made of walrus ivory, in their form and function re-
semble the analogical ice pick (called peshnya in old Rus-
sian) with a groove and notches for the fastening accord-
ing to the Old Bering Sea type, and with a prominent stem
with the Punuk type notching. The base-support of the
harpoon shaft with an opening for the insert made out of
walrus ivory and wooden nozzles with plugs for the floats
(Punuk) were discovered as well.

The stabilizers (the “winged object” of the Old Bering
Sea Culture) of the harpoon shaft bases (6 whole objects
and 2 fragments), the most important elements of the har-
poon complex, were also found. Three were decorated on
two sides with complex linear ornament in combination
with ovals, circles, dashes, dots, triangles, cogs. The Punuk
stablilizer (“trident”) was decorated with floral ornamen-
tation. The gaffs made out of walrus ivory were used for
bringing the bodies of the pinnepeds closer to the boats.
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The eight sewed on badges or buttons are especially
interesting. Seven are made of walrus ivory and one of
wood. Five ivory badges are decorated. Each badge has
on its lower surface a special hole so it is possible to sew
them onto hide clothing. One badge had a number of
through holes along its perimeter which possible were
used for fastening. The badges vary in sizes from 10 x 4
cm to 5 x 3 cm. The four badges have an oval form and
one has a lens-like form. On one of the badges, along
the edge of the artifact are two parallel lines that form
an oval with a combination of “eye-lashed” and dashed
ornamentation. Twwo of the badges have a more complex
composition that covers the whole surface. In one case,
there are concentric ovals, dots, and “eye-lashed” orna-
mentation, and in the other case, the triangles, lenses, cogs
and punched holes are used in the composition.

Currently there are two analogical artifacts made
out of walrus ivory that were noted in Russian pub-
lications on archeology; however, they are not deco-
rated. Nikolay Dikov defines one as a button; he found
it in one of the Old Bering Sea Culture dwellings right
next to Kozhevnikova cliff near Cape Shmidt. Kirill
Dneprovskiy denotes an analogical artifact as an uniden-
tified object. The badge with 15 indentations grouped
in three rows was discovered for the first time, and the
diameter of the indentations of the central row is bigger
than the one of the side rows. Such a counting system per-
haps presents a calendar (half month/half moon cycle),
considering Eskimo tradition of counting by fives. The
wooden badge is not decorated; its main decoration is the
beautifully selected natural wood grain.

Seven ornamented plates, four of which have the whole
surface on one side covered with decoration, were dis-
covered in the complex of dwellings. Two were perhaps
used for protection of the wrist (during shooting bow and
arrow). One was decorated with a net design in combi-
nation with an oval that is formed by triple and double
Figure 1. Top Row (left to right): fishing tools, toggling har-
poon heads, hunting tools. Middle row (left to right): carved

toggling harpoon head, stone point, sea mammal hunting
tool. Bottom Row (left to right): remains of dwellings.

parallel lines; the other one was decorated with a more
complex composition made of diamonds and circles
formed by double parallel lines. Two ornamented plates
with one and three holes were hung or, possibly, sewed on
hide clothing (head dress?). The similar ornamented plates
(fragments) discovered during the excavation of dwelling
#25, late East Thule Culture on Cape Kruzenstern, were
interpreted by Louis Giddings and Douglas Anderson
as sewed on decorations for the foreheads (Giddings and
Anderson 1986). The first plate was decorated with a net
motif formed by parallel lines. The second plate was com-
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positionally complex that included ovals, triangles, and
circles formed by double parallel lines. The parallel lines
are scratched on the back surface of the first plate, and the
indentations were formed on the second one from multiple
scratching. Possibly this is a reflection of certain rituals.

A multitude of fishing tools is present. The summer
fishing tools are represented by the nets made out of
baleen (nygakhpak) and sinkers. A large number of walrus
ivory central and side points, part of the harpoon assembly,
are present. The winter ice fishing tools are represented
by scoop-nets made of baleen (kalyu) (3 objects), sinkers
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(45 objects), wooden floaters and composite hooks (5
objects) for the winter fishing pole (manan).

On one of the fishing sinkers, three dots mark the
mouth and eyes of an animal (seal?). This depiction may
have assured good luck. Multitude of fish figurines (also
interpreted as whale figurines) are made out of baleen and
have marked fins and tail. According to existing interpreta-
tion, they were used for ritual purposes. It is possible that
these figurines were used as fish bait as well.

The hunting tools consist of fragments of simple wood-
en bows, composite bows (two halves connected with a
bone plate) made of baleen, and arrow points. The arrow
points with awl shaped bases (23 artifacts), with grooves
and cogs are predominant. The points with a wedge-
shaped base are also present. The large number of bird
hunting tools are bolas made mainly from walrus teeth.

For moving across the ice the people of the Old Bering
Sea Culture used ice grippers: a piece of baleen with insert-
ed spikes made of walrus ivory (3 artifacts) or a bone plate
made of whale rib (1 artifact) that were tied to the footwear.
To move across snow crusted with ice and to break the ice,
ice spires were used.

The seals harvested at the ice edge or near the ice holes
were transported in hand pulled sleds, the runners of
which are found in large numbers in the complexes of both
cultures. However, the Old Bering Sea Culture runners are
more complex. The ice from the ice hole was removed with
net scoops made from baleen.

The tools of tundra gathering (digging of roots) and
dwelling construction (loosening of earth and digging for
semi subterranean dwellings) are hoes and picks made of
walrus ivory as well as from walrus and whale ribs.

Utensils are represented by fragments of ceramic with
linear stamped decoration, applied by both impressing
method and dragging method, and the fragments of coil
constructed ceramics. Fragments of ceramic without orna-
mentation are present in large numbers as well. Analyses
of the fragments show the predominance of vessels with a
round bottom; however, there were also three small vessels
of truncated-conical form, with a strait or tapered bottom

that were probably used as oil lamps. Two of these artifacts
do not have traces of soot deposits and perhaps belonged
to children. Also 12 vessels and 8 fragments of vessels
made of baleen with wooden bottoms and lids were
found. Two have ivory/bone bottoms and lids.

The assemblage of children’s’ tools (Punuk culture)
includes wooden and wooden-baleen bows, spear points
made from baleen and walrus ivory, arrows made of one
piece of wood with bone/ivory points, miniature toggle
harpoonpoints,boys’ “male” polished slate knifes,and girls’
bone combs. All children’s inventory mirror the “adult”
objects, but are simpler and are denoted by small sizes.

The religious objects were also discovered in the dwell-
ing. A figurine of a six-clawed bear is unique. The entire
surface of the figurine on two sides is covered with a very
complex decoration. The artifact side opposite to the bear’s
head depicts a whale head. An anthropomorphic figurine-
pendant made of walrus ivory was exposed in the Punuk
layer . The three duck figurines with a hole for hanging and
apparently religious in nature were discovered as well.

Dwellings and constructions from different time peri-
ods are present in the settlement. The preserved remains
two ancient dwellings, in the form of depressions on high
ground, are located in the mouth of an un-named creek,
on both of its shores. The Punuk dwelling #1 was a semi-
subterranean hut of roundish shape with a long corridor-
access-hole, with walls reinforced by rocks, whale verte-
brae, and walrus skulls.

The dwelling interior was divided (almost in the center)
by the whale vertebrae (three vertebrae high) and walrus
skulls combined with large rocks. Wood, ribs, skulls, scap-
ulas and lower jaw bones of whales were used to construct
the roof. Judging from the small size of the bone, these may
be the bones of a gray whale. Such dwelling complexes are
characteristic for the dwelling construction tradition of the
Old Bering Sea Culture.

One hundred feet (30 m) to the west of dwelling #1
the well-preserved remains of 11 meat storage caches are
located. Their side walls and roofs are made of whale skulls
and ribs and covered with sod on the top.

The extremely interesting artifacts, some of which are
unique, discovered during the excavation of the site as well
as threat of its destruction, warrant the necessary excava-
tion and continuation of research. The new materials not
only add to the characteristics of two very interesting Old
Bering Sea cultures (ancestral for modern Eskimo), but
the presence of clear stratigraphy change between Old
Bering Sea and Punuk cultures, perhaps will help to clear
the genesis, correlation and interaction of these maritime

cultures.
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Figure 2. Old Eskimo settlement at Kivak.
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Pathways: An Archeological Predictive Model Using
Geographic Information Systems

By Dael A. Devenport

Introduction

Anyone who has traveled by foot in the backcountry
of Interior Alaska knows what the term ‘bushwhacking’
means. Notoriously difficult to travel in, the interior of
Alaska is riddled with dense black spruce forests and wet-
lands. Frozen rivers make convenient travel routes in the
winter, but the fast-flowing glacial rivers can be difficult
and dangerous in the summers. In addition, the banks are
often lined with impenetrable willow and alder thickets.
This creates quite a challenge for archeologists whose job
itis to search the landscape for archeological sites.

Archeological survey canbe time consumingand expen-
sive, especially in Alaska where three-quarters of the land is
inaccessible via roads. Archeological reconnaissance re-
quires transporting a crew into the backcountry, usually
by costly means such as a helicopter or small airplane,
or a time-consuming method such as boat or foot travel.
To help decrease the time and expense involved in sur-
veys, the use of computer technology is rising in popu-
larity. Increasingly sophisticated techniques are being
used to locate archeological sites. But for the most part,
when planning a survey in Alaska, archeologists still look
at a map, take an educated guess, and start searching.
Because the areas picked for survey usually depend on
access and ground visibility, we may not obtain an accu-
rate representation of the distribution of sites across the

A 4.9

landscape. We know that the vegetation frequently was
much different several thousand years ago, and if we are
only looking in places that currently have easy access and
ground visibility, we may not find all the sites that actually
exist. In addition, because of time and staff limitations not
all ground can be surveyed, so there is always a compro-
mise between how completely the ground is surveyed and
the total area covered by the survey. Any technique that
will increase the likelihood of locating sites will decrease
the expense and time involved, and increase the produc-
tivity of survey.

Geographic Information Systems (GIS)-based predic-
tive modeling is a fairly young technique. Yet it has enor-
mous potential to boost the efficacy of archeological field
work and is increasingly being used to predict possible
locations of archeological sites. Not every location that a
computer program predicts as an archeological site will
have one. By using an additional technique for this project,
I am attempting to increase the productivity of the model.

The foothills of mountain ranges, esker ridges and
other elevated features are often composed of a firmer
substrate, are better drained and have less vegetation than
the lowlands. They provide faster, more efficient travel
routes with fewer obstructions and ancient people may
have used them for traveling between sites (Figure 2). These
are areas that have received little archeological attention.
The purpose of this project is to determine where travel
and trade routes of prehistoric people existed on these

elevated features in order to predict the possible locations
of unknown sites along these routes. With the assistance
of GIS technology, this model will hopefully make our ar-
cheological field expeditions more efficient and effective
as far as time, money and productivity are concerned.

Procedure

I'am using GIS technology to predict possible locations
of archeological sites in order to increase the likelihood of
finding new sites during archeological survey. Engineers
have found that using GIS to predict the best routes for
roads can provide a savings of 5-15% (Yildirim et al. 2006).
Using GIS may also help archeologists be more efficient
regarding time and effort when surveying for new sites.
Finding more sites will also provide us with a better under-
standing of past human use of the landscape.

This project was broken into four main parts. The
first part consisted of using a control group to determine
what influences peoples’ decision making process when
they are choosing how to travel across a landscape. The
second part was using that information to figure out pos-
sible routes that prehistoric people were using to travel
between sites in the Yukon-Charley Rivers National
Preserve. The third step was to look for the possible loca-
tions of unknown sites along those routes. Looking in the
locations suggested by the GIS program as possible site
locations will be the fourth step.



Pathways: An Archeological Predictive Model Using Geographic Information Systems

Figure 1. View along the Yukon River.

Step 1: Control Group

Before the potential pathways between prehistoric
sites could be modeled, a control group was needed to
determine the factors influencing pathway decisions. The
control group was our archeological field crew, whose
travel routes while surveying were tracked with Garmin
Map 76 GPS units (Figure 3).

I loaded the track logs from the field crew into the
ArcMap program and ran numerous tests to determine
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which factors carried the most weight in pathway decision
making: vegetation carries more weight than slope, with
a 60% to 40% ratio (Figure 4). In other words, a person
traveling in the backcountry would be more willing to
climb a steep slope than scramble through an alder thicket
on flat ground.

Step 2: Least-cost pathway analysis
A least-cost pathway analysis is based on the idea

that ancient people would want to conserve energy and
would pick the easiest route to travel, avoiding steep
terrain and thick vegetation. So I programmed the com-
puter to look for the easiest routes between sites that were
occupied during the same time period. The analysis took
into consideration not only minimum distance, but also
the ease of movement across the landscape. Therefore,
prohibitive vegetation and slope were considered.

Imagine that a net is put over the ground and in each
cell of the net, a number is assigned to the type of terrain:
if it is flat, it gets a low numbers; if it is steep, it gets a high
number. The same technique is used for other informa-
tion such as vegetation. A lower number would be given
to vegetation that is easy to walk through, such as grass,
and a higher number to vegetation that is hard to walk
through, such as an alder thicket. Then, the grids, or nets,
can be placed on top of each other and the numbers added
together to identify where there is flat ground with
vegetation that is easy to walk through. To determine the
potential pathways, I used the weighted vegetation and
slope grids from the previous step. Starting at a known site,
I had the computer look for the cell next to the site with
the lowest number, then the cell next to that cell with the
lowest number and so on until reaching my destination,
another site (Figure 5).

The sites chosen as destinations are late-prehistoric
age villages that represent substantial, long term settle-
ments. Villages are assumed to be more permanent and
have higher populations than hunting camps. Village sites
usually have fixed features such as house pits and are
usually located at lower elevations. A village is more likely
to be repeatedly occupied than a transient hunting camp
and more likely to be a destination for travelers. The
sites chosen as sources were stone tool scatters that are
assumed to be representative of more transient, briefly
occupied sites such as hunting camps. Hunting camps are
often found at higher elevations with no fixed features.

Step 3: Predicting Possible Site Locations
Looking for the possible locations of unknown sites




Notice how far you can travel along the top of the ridge.

along the pathways determined in Step 2 is the third part
of the project. This is done with the creation of a predic-
tive model using the GIS program. First, we look at the
characteristics of known sites. We know that sites are
usually located on flat ground, close to water, with a south-
ern exposure in a well-drained area. Knowing that sites
share certain similarities, we can look for other locations
that share the same characteristics along the pathways.
When the computer program finds areas that share those
attributes, we can survey to see if there is a site.

To illustrate this idea, in order to find areas of level
ground close to water, I took the slope grid used in the
previous steps and looked for cells with low values. Then I
drew a buffer around the cell. The buffer is a specified dis-
tance away from the cell. For example, supposing people
would not want to carry water more than 1,000 feet (300 m)
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Figure 2. Elevated ridge that may have been a possible travel route for prehistoric people.
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to their campsite, I can create buffers of 1,000 feet (300 m)
around the areas with level ground. Then I can do the same
thing for water sources and the previously calculated path-
ways. Where buffers around a water source, level ground,
and the pathway overlap would be good places to look for
new sites since people would not want to travel too far off
the path to get to a site or to get water (Figure 6).

Step 4: Testing/Validation

The next step will be to validate the model. There are
two ways to validate this model. The first way is to test
the model without spending large amounts of time and
money. This can be done by excluding a number of known
sites from the model construction, and after the model is
completed, running the model to see if it predicts the

Alaska Park Science, Volume 8, Issue 2
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Figure 3. A Garmin Map 76 GPS unit used to track where archaeologists have surveyed.

location of the excluded known sites. If not, the model
will need to be adjusted until it accurately predicts known
sites.

The second way to validate the model is by finding new
sites in the areas predicted through the GIS modeling. This
will be done during the next field season by our archeo-
logical field crew surveying a random sample of the high
probability areas indicated by the model.

Conclusions

Once this technique is perfected, it can be used in
other areas and by other parks to focus archeological
surveys. This predictive model has the potential to be
valuable for archeologists, historians and land manag-
ers not only by predicting possible site locations, but by
also providing new insight into prehistoric populations’
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movements throughout Interior Alaska. This becomes
important when analyzing subsistence resource use,
communication networks, disease pathways and trade
routes. In addition, this model can be beneficial to other
professionals since similar techniques can be used by
them to predict things such as invasive plant pathways and
animal migration routes.
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Transboundary Protected Natural Areas and Their
Role In Nature Conservation of Northeast Asia

By Anatoliy Kachur

International relationships in the sphere of environmental
protection and ecosystem preservation in transboundary areas
such as Northeast Asia have followed a complicated path in their
development. These relationships went along the path from dis-
trust and suspicion to growing mutual understanding. Through
their interactions, scientists exposed many global and regional
ecological problems that require immediate resolution by neigh-
boring countries.

Atthe end of the twentieth century it became obvious that cur-
rent models of nature use must be replaced because of numerous
ecological crises and the intensification of global problems con-
nected with climate change—alteration of the atmosphere com-
position, pollution, the loss of biological diversity, the degradation
of ecosystems, the exhaustion of the natural resource base, and
the continual growth of demographic and social problems. A new
system of common priorities based on the realization to transition
to a sustainable development concept began to emerge. Recently
the term “sustainable nature use”, which is the Russian analog of
“sustainable development”, had started being used in Russia.

The most important task that lies at the base of carrying out
the concept of sustainable development is the development of
principles and methods to optimize mutual relations between
humans and the environment. The most important component
is the creation of prerequisites for the preservation of nature and
its restoration. The primary method for this is the creation of an
ecological framework consisting of a system of protected natural
territories.

A separate question is the issue of a strategy for sustainable
development in territories or marine areas that belong to two or
more countries. In the framework of transboundary protected
units, we noted a huge variation in the impact on ecosystems,
which in turn causes the appearance of multiple ecological (geo-
ecological) problems.

Figure 3. (Left) Penkigney Bay. Chukotka, Russia.

Transboundary territories on the borders between Far East
of the Russian Federation, Democratic People’s Republic of
Korea, and the People’s Republic of China are very typical
example of such units. Here the significant ecosystem variables
cause the occurrence of multiple transboundary ecological
problems. Also very important are the differences in the types
of nature use. For example, the uneven forestation level on both
sides of the borders range 3-4 times. An even higher difference is
observed in the animal population, and the difference in economic
activities is also high. For example about 270,000 people (average
population density is is 39.6 persons per mi*/15.3 per km?) inhabit
the Russian part of Khanka Lake basin while about 1.9 million
people (population density exceeds 130 persons per mi*/50 per
km?) inhabit the border area of the People’s Republic of China that
directly influences ecosystems of the Khanka lake basin. The pro-
tected area ratio is inverse to the population ratio. All these factors
result in sharp landscape contrasts at the border crossing (Kachur
2005b, 2007).

Unfortunately despite of the recognition of these facts, the
necessary coordination of nature use in the border regions
advances very slowly. Along with the recognition that some
violation exists (pollution, destruction of ecosystems), an im-
portant element of nature use coordination is to determine the
reasons of these violations. Forecasting future development
considering revealed or forecasted ecological problems and
restrictions is also important (Kachur 2005a).

The ecological restrictions can be divided into two large
groups: 1) restrictions imposed by the characteristics of the natural
conditions, and the resources’ potential; and 2) restrictions caused
by the characteristics of or a result of the existing economy system.
The major elements of environmental restrictions are the ones
directed towards preservation and towards the restoration of
natural biodiversity. They are the most important guarantee of
preservation of the natural habitat and acceptable ecological
conditions.
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The preservation of biodiversity is especially impor-
tant in the areas that hold the key position in regards to
the world’s gene pool. Due to the characteristics of its geo-
graphical location, its topography, and history of develop-
ment, Northeast Asia has had favorable conditions for the
development of a large number of nature complexes that
are unique not just for Asia but also for the whole world
(Baklanov et al. 2003, Kachur 2005a). An exceptional rich-
ness of fauna and flora, dynamic poly-climatic structure,
combination of the intense processes of species formation
and preservation of the ancient communities, high biologi-
cal productivity, and evolution of diverse complex forests
are very characteristic for the region.

The active economic activity significantly changed the
look of the area as well as many biosphere processes here.
The shift to a concept of sustainable development is impos-
sible without preservation and, unfortunately as the results
of the latest research have shown, without rehabilitation of
the natural biodiversity (Zheleznov 1999).

The assessment of the existing system of protected
areas to ensure sustainable nature use in the transbound-
ary regions of Northeast Asia showed that the existing
systems can not carry out the necessary function of pro-
viding sustainable development of these regions. That
is because these systems do not provide for biodiversity
preservation in the transboundary ecosystems, and also
can not form the corridors for the rehabilitation of the
lost biodiversity in the adjacent areas of transboundary
ecosystems.

Overall the countries have developed specially pro-
tected natural area (SPNA) systems. For example in
Russia, the system of state natural zapovedniks (strict
preserve) and national parks includes 100 zapovedniks
with a total area of 129,000 mi*/33.5 million hectares (ha)
(156% of the area of Russia) and 35 national parks cover-
ing 27,000 mi*/7 million ha (0.41 % of Russia) (Figure 2).
In January 2008, 1,275 SPNA with a total area of 492,000
mi*/127.5 million ha existed in the Russian Far East. Of
these, 50 protected areas had federal status, 888 had
regional status, and 337 had local status. Data on the
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Figure 2. Comparison of the number of specially protected
natural areas in the Russian Far East, of all categories and
their ratio to the area of the region.

SPNA system in China are in Figure 3.

Based on international experience, the best approach
to the restoration of biodiversity, when biodiversity and
environment conditions are unequal, is the creation of
transboundary protected areas that can become a con-
necting link for natural restoration of biodiversity (Figure
4). The transnationalization of protected natural areas is
in the initial stage of development (Kopylova 2003, Ham-
ilton et al. 1996). These processes are complex and char-
acterized by a number of serious problems of economic,
political and ethical origin. It is still too early to talk about
the active cooperation of SPNA of different countries;
however, even today the role of transboundary specially

Transboundary Protected Natural Areas and Their Role In Nature Conservation of Northeast Asia

protected natural areas (TSPNA) is noticeable. In combina-
tion with the development of regional environmental net-
works, it marks the beginning of a new stage in the evolution
of territorial nature preservation—transition fromlocal and
regional level to global.

Itis necessary to consider the whole ecosystem in order
to manage sustainable nature use and subsistence. That in
turn will allow the creation of an ecological frame based
on the principle of self-complementation. This means that
theoretically the main part of the ecological frame can
be located in one country and work as a core for support
and, if necessary, for the restoration of biodiversity for the
whole ecosystem. At the same time it provides a system of
ecological corridors that will support the whole ecosys-
tem.

An important component of the TSPNA system
is the network of maritime, island and coastal SPNA
(Baklanov et al. 2003). So far such a system has not been
created in Eastern Asia, however, its establishment would
be timely. Russia has three approved international natural
preserves (Figure 4) (Kopylova 2003).

The first established TSPNA was the Russian-Finnish
zapovednik Druzhba (Friendship). It was established on
the basis of the agreement between the governments of
Finland and Soviet Union in October 1989. It includes the
Russian zapovednik Kostomukshsky (185 mi*/480 km?),
and some smaller Finnish units which in total cover about
85 mi? (220 km?). Each country is responsible for financ-
ing the preservation of the protected units, though both
countries have a joint coordination council for regulation
of scientific work and ecological education.

Thesecond TSPNAwasestablished on March29th,1994,
on the basis of the agreement between the Russian Federa-
tion,Mongolia,andthePeople’sRepublicof China. The TSP-
NA encompasses the Russian National Nature Biospheric
Daursky (total area 173 mi?/44,752 ha and protection zone
367 mi*/95,000 ha), the Mongolian reserve Mongol Daguur
(total area 405mi*/105,000 hectares), and the Chinese pre-
serve Dalai Nor (total area 2,860mi*/740,000 ha, includ-
ing specially protected sections of 63mi*/16,300 ha). In the
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future it is planned to expand all three preserves with the

Area in hectares % ratio of the % ratio of the

goal of converging their boundaries and establishing a joint SPNA types Number (x10,000) total number of SPNA total area of SPNA
protected network of Dauria steppes, obtaining biosphere

wildlife reserve status for the Mongolian and Chinese pre-
serves, and creating an international biosphere wildlife re- National level 265 9169.7 11.06 60.51
serve on the basis of the transboundary protected area.
The third TSPNA is the international preserve in the
Khanka Lake basin. The preserve stretches along the Local: Provincial level 793 4441.80 33.11 29.31
coast of Khanka Lake. It was established on the basis of
the agreement signed on April 25th, 1996, between the
Russian Federation and the People’s Republic of China.
The reserve includes the Russian zapovednik Khankai-  Figure 3. The system of specially protected natural areas in People’s Republic of China.
sky (total area 146 mi*/37,989 ha and protection zone 284

Total in the country 2395 15153.50 100 100

Local level 2130 5983.8 88.94 39.49

Local: Urban level 422 522.44 17.62 3.45

Local: District level 915 1019.56 38.20 6.73

mi*/73,743 ha) and the Chinese preserve Sinkai-Hu (total

area 222 mi*/57,700 ha). The significant part of Khankai- Transbuu ndary Prntected Areas Uf RUSSia

sky is located in a closed border zone with strict admission

rules. In 1975 this area received the status of wetlands of A
international significance mainly because of its waterfowl Beringija
habitat (Bocharnikov et al. 2001). The protection status in Zemlya Franza Josifa

Sinkai-Hu is similar to the status of Russian preserves and
their protection zones. The joint Russian-Chinese com-
mission coordinates the transboundary cooperation. " Kostomukshsky
Kurshkaya Kosa ;

The establishment of several new TSPNA in the ] Komandorsky
Russian Far East is currently under discussion or in ¢
the planning stage: 1) international biosphere in the ¢ BryanskyLes
lower reaches of Tumen River; 2) TSPNA that will in- ¢
clude the Russian Bolshekhekhtsirsky zapovednik and '
the Chinese Sanjiang preserve; 3) TSPNA that will a A
include the Russian Khingansky zapovednik and the Chi- Kimerida
nese Hunhe biosphere preserve; and 4) Beringia Interna-
tional Natural Park (Russia, USA). The most likely projects
to be implemented in the near future are the International
Biosphere Preserve in the lower reaches of Tumen River i Katunsky Daursky L .an|shekhetm|mty
and Beringia International Natural Park. y & 'y .Tu nmns'kga"

The Tumen River basin and adjoining marine ' Ubsunurskaya Kotlovina khondinsky »
areas form the central zone of the international waters and Kedrovaya Pad
biodiversity of the region, which in turn are key to the river

]
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®
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Figure 4. (Right) Existing and potential transboundary @ Biosphere reserves @ Zapovedniks Il National Parks A Other SPA

protected natural areas of Russia.
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Figure 5. (Below) Project of an International Biosphere
Zapovednik in the lower reachers of Tumen River.

Figure 6. (Right) A sample version of the organization of the
Russian part of the Beringia International Natural Park.

EAST SEAFSEA af JAPAN

[ e ]
- == == P
e S et

basin’s environmental protection. A great variety of birds
are present in the coastal and marine areas, and a large
number of marine and terrestrial animals use the area for
their migrations. The wetlands are an important part of the
East Asian migration route between Siberia and Australia.
A number of transboundary problems in the region are re-
lated to the influence of local and regional air pollution and
pollution of land and coastal waters. The most important
resources of this territory and adjoining water areas of Asia
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are wetlands, bird population, marine ecosystems, forest
and steppe ecosystems, wildlife populations, and air qual-
ity.

In order to preserve these valuable water resources
and biodiversity, it is necessary to strengthen the measures
against environmental threats. For this purpose the world
community has conducted a series of actions towards
establishment of an international biosphere reserve in the
lower reachers of Tumen River (Figure §) (Kachur 2007,
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UNDP 2004).

To protect the unique ecosystems of Northern Asia and
America it is planned to organize an international park un-
der the tentative name Beringia that will include the east-
ern part of Chukotsky Peninsula (Figure 6) and the north-
western part of Seward Peninsula in Alaska (Baklanov et
al. 2000, Zheleznov 1995, 1999). The park is based on the
unity of ecosystem, its genesis, historical similarity in ex-
ploration, and uniqueness of ethnic relations and culture
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of people inhabiting Chukotka and Alaska.

The northern part of the Pacific Ocean is an unique
ecosystem of global value with a varied biodiversity of
animal species including large sea mammals. Closer to
the Bering Strait, the biodiversity and density of marine
animals increases slightly because of the narrowing of
the strait and the changing marine ecological conditions.
During the last decade the habitat, number, and density of
terrestrial vertebrate animals that reside along these coasts
drastically decreased.

Considering the social specifics of the population in-
habiting the park area and the specifics of their economy,
the preservation of the traditional forms of nature use and
subsistence and the preservation of the lifestyle of Beringia
Native peoples becomes one of the park’s most important
functions and, perhaps its main goal.

In the conclusion, it is necessary to note that the main
positive aspects in establishing transboundary protected
natural areas that give them advantage over national spe-
cially protected natural areas are the following:

® Expansion of the total reserve area, due to merging of
separate national SPNA, results in weakening of the
“island effect” — greater and more vital populations
become protected, and conditions for animal migra
tions improve.

® By merging several SPNA stability of an ecosystem
increases, life expectancy of organisms grows, and the
protection regime becomes more effective.

® The process of animal reintroduction becomes simpler.

® The greater area, especially in the case of large
predators, strengthens the control over the numbers
of animals that endanger the preservation of an
ecosystem.

® The control over spreading of pathogenic and parasitic
organisms and occurrence of hotbeds of diseases
becomes easier.

® International cooperation in science allows
standardizing research methods, sharing of expensive
equipment and excluding techniques of data

gathering that lead to difficulties in subsequent analysis
and comparison of results.

® The international natural reserve territories can join
their efforts in rescues and in fighting fires, poaching,
and illicit trade.

® There are advantages in the joint development of
tourism, ecological education, and dissemination of
information.

® The image of the international units is higher, and it is
easier to receive the status of biosphere reserve or an
area of world significance.

At the same time, the process of establishing and
operating a TSPNA also has a number of the significant
problems, which makes the work more complex than that
of a national SPNA:

® There are differences in legislation, religious and
cultural practices of peoples, languages, and attitudes
towards nature (for example towards pests or intro
duced species).

® There is the potential to have an unequal partnership —
political, financial distinctions, different professional

Figure 7. This road from Provedeniya leads to Novoe Chaplino in Chukotka, Russia, an area of exceptional scenic, natural and
cultural importance. Residents of several smaller coastal villages were resettled here during the Soviet era (including Kivak
(see Orekhov, this issue) and some also compete in the annual dog race Nadezhda (see cover). More information about this
and other areas of the Nature-ethnic Park “Beringia” is available at: http://www.beringiapark.ru/indexen.php

Alaska Park Science, Volume 8, Issue 2
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level of the personnel, different rights of the units
within their countries, etc.

® Sometimes the partners have different goals — one scientific cooperation.
aspires to develop tourism and the other strives for
strict protection.

® There is the potential for poor communication between

the preserves and difficulties in crossing the borders.

® The unequal value or absences of the scientific
personnel on staff have a negative influence on
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The Lost Fleets of the Western Arctic: Preserving a Significant
Element of the Maritime and Cultural Heritage of Alaska and the

United States

By Bradley W. Barr

Abstract

In 1848, Yankee whalers first entered the Chukchi
Sea. The ensuing 66 years of commercial whaling in the
western Arctic had a profound impact on the history and
culture of the Beringia region, its resources, and its people.
In this period, more than 160 whaling ships were lost. The
stories from these journies are compelling, filled with tales
of danger, heroism, sacrifice, and loss so common in arctic
adventures, and of great interest to a broad audience of
the American public. These are highlighted by: the ex-
ploits of the Confederate Sea Raider Shenandoah, seizing
24 and burning 22 whalers in the Bering Strait, months
after the Civil War had been lost; the 32 whalers sunk by
the ice and more than 1,200 crew stranded in the disaster
of 1871, where all survived; the dozen whaling ships lost in
the same location five years later, with more dire conse-
quences; and the events of 1897-98 that compelled the U.S.
Government to drive more than 400 reindeer over 700 miles
through the deep arctic winter in an attempt to bring food
to whaling crews stranded in Barrow. Few if any of these
shipwrecks of the “Lost Fleets” of the western Arctic have
even been discovered, despite a rather richly documented
history. The NOAA Office of National Marine Sanctuar-
ies has initiated a project to search for and document what
remains of the “Lost Fleets”. The re-telling of these stories
is intended to not only engage and inform the public about

this very significant place and time in the maritime history
of the nation, but also of the people and cultures of the
Beringia region whose lives we so profoundly changed by
these events.

Introduction

During the latter half of the nineteenth and into the
twentieth centuries, whaling fleets from a variety of na-
tions concentrated their efforts far to the North, among
the bergs and ice pack of Alaska’s north slope. This was
one of the last refuges of the oil-rich bowhead whale. The
harsh extremes found in the Arctic made the hunt par-
ticularly hazardous, and on two occasions, 1871 and 1876,
whole fleets were trapped by the ice and crushed. These
losses marked the downfall of the American whaling
effort, already in decline due to the impacts on marine
mammal populations and the American Civil War (Bock-
stoce 1986).

From Captain Thomas Roys first passage through the
Bering Strait in 1848, in the whaling bark Superior, un-
til the last whales were taken by the commercial whaling
fleet around 1914, the western Arctic was one of the most
important places in American whaling. This intense hu-
man activity in the region changed the face of the Arctic
both ecologically and culturally (Bocktose 1986).

According to Chaffin (2006), between October 1864
and November of 1865, during a desperate campaign to
strike a blow to the economy of the North, the Confed-

erate sea raider Shenandoah seized a total of 38 ships of
commerce, and burned 32 to the waterline. Prowling the
western Arctic, over a period of less than a week in late
June of 1865, the Shenandoah captured 24 whaling ships
and sunk 20 in the waters near the Bering Strait. The
Shenandoal’s captain, James Waddell, and his officers did
not believe reports from the vessels they were destroying
that the war had already ended, some three months earlier.
All ships’ personnel from these captured vessels, number-
ing over 1,000 according to the ship’s records, were released
unharmed, and only two of the crew of the Shenandoah
lost their lives during the epic voyage. The total loss to the
whaling industry was estimated at $1.4 million ($19.7 mil-
lion in 2000 dollars).
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Figure 1. Shipwreck timbers.
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Figure 2. A) Abandoning the barks ‘George,’ ‘Gayhead,’ and ‘Concordia’ in the ice off Point Belcher; B) Barks ‘Arctic’ and ‘Progress’ receiving the crews of the wrecked and abandoned ships
south of Icy Cape; and C) The barks at Icy Cape - the boats effecting a landing.

As chronicled by Bockstoce (1986), in August 1871, 32
whaling ships from Hawaii, New England, and California
had come to the icy waters of the Arctic in the pursuit of the
bowhead whale. The pack ice being close to shore that year
left little room for maneuvering of the fleet but whales were
relatively plentiful, and while there are whales to catch, the
whaleboats go off to hunt. The whaling captains counted
on a wind shift from the east to drive the pack out to sea
as it had always done in years past. Instead of moving off-
shore, the ice pack suddenly and unexpectedly trapped all
32 ships between ice and shore in a constantly and quickly
diminishinglead in the ice with no chance to escape to open
water. The captains conferred, crafted a joint declaration
describing the reasons for the abandonment, unanimously
approved and signed the declaration, then began the very
treacherous process to evacuate all 1,219 men, women and
children by way of the ships’ whaleboats. In these frail craft,
the ships’ crews rowed go miles south past Icy Cape where
they were rescued by seven other whaling ships whose
captains and crews gave up what was likely to be their own

very lucrative whaling season to ferry the survivors to safe-
ty. Although the journey in the whaleboats required them
to row through ice-choked and heavy seas, not one life was
lost. Of all the ships abandoned to the Arctic winter of 1871,
only one ever sailed again. The remaining 31 vessels were
crushed by theice and sunk or burned after they were aban-
doned. The economic blow to the whaling industry was
staggering. Loss of the ships and cargoes was estimated at
$1.6 million ($22.5 million in 2000 dollars). This loss was
most keenly felt in New Bedford, which was home port for
22 of the ships lost that year. Interestingly, however, few
of these ships were replaced in the fleet, and most of the
insurance paid to the whaling companies was reportedly
invested in other industries, evidence of the beginning of
the end of Yankee whaling.

These are compelling and historically significant stories
from our whaling heritage, and there hasbeen arecentsurge
of interest in these events. A number of historical volumes
have been published in the popular press over the last few
years. While interest in these events continues, much re-

search remains to be done. The prizes left in the wake of the
Shenandoah, the subsequent losses of 1871 and 1876, com-
bined with other whalers abandoned and sunk by ice and
gale in this region, left a legacy of shipwrecks and artifacts
scattered throughout the Bering Strait and along the shore
and nearshore waters of the Chukchi and Beaufort Seas.
Over the past several years, researchers associated with the
Barrow ArcticScience Consortiumhavebeen conductingan
archaeological and historical survey of some of these
coastal and submerged sites related to the 1871 event in the
Chukchi Sea (Beebe 2007). Regarding the prizes sunk by
the Shenandoah, very little field work has been undertaken
thus far. Of what has been reported to be more than 160
whaling ships lost in these waters of the western Arctic,
none, except those that were beached, have been identi-
fied and documented. This is a story of our whaling heri-
tage without a final chapter...what remains of these lost
fleets and what we can learn from these artifacts.

vy ______________________________________________________________________________________________________________________________________|
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Discussion

As mandated in the National Marine Sanctuary Act,
NOAA’s Office of National Marine Sanctuaries (ONMS)
is responsible for effective stewardship of America’s mari-
time heritage resources. Working in collaboration with
the State of Alaska Office of History and Archaeology and
others, the ONMS Maritime Heritage Program is bringing
additional resources and assets to support this fascinating
and important work. Maritime archaeologists and histori-
ans employed by NOAA are already involved in whaling
heritage survey and preservation efforts across the nation.
For NOAA, the “Lost Whaling Fleets” of the western Arc-
tic represent a partnership project in the context of our
larger national whaling narrative. As regards to the 1871 and
1876 disasters, NOAA seeks to work in collaboration with
local researchers in Alaska, bringing new platforms and
advanced underwater technologies to the ongoing investi-
gation. Ships conducting offshore magnetometer and side
scan sonar surveys, and aerial Light Detection and Ranging
(LIDAR) flights will provide essential information on what
remains of these lost whaling vessels. Also, NOAA will help
interpret and communicate these events to a national audi-
ence, bringing the considerable experience and expertise
of the NOAA National Marine Sanctuary education, out-
reach and communication staff with web-based education
and outreach, video production and telepresence to help
tell the story.

As to the brightly-burning American whaling vessels
the Shenandoah left in its wake, background research
is being conducted, potential partners being identified,
and preliminary planning for what field surveys might be
undertaken in coming years—perhaps linked to the
upcoming Sesquicentennial of the Civil War—is in the
very early stages of development. This research continues
and expands NOAA’s long involvement with Civil War
history and heritage at the Monitor National Marine
Sanctuary.

Conclusion
Through this work in some of the most remote places

_________________________________________________________________________________________________________________________________[¥

on Earth, the NOAA’s Marine Sanctuary Program will tie
together places emblematic of our whaling heritage—New
Bedford, Nantucket, Hawaii and California—through
national marine sanctuaries associated with these stories
from our whaling past. NOAA will weave together these
compelling accounts of the icebound whaling fleets of the
1870s and the epic story of the Shenandoah with what is
learned from field research conducted by NOAA and its
partners to enhance and expand the American public’s
understanding and appreciation of this historically signifi-
cant chapter in America’s maritime history.

Placed in the larger national context of beginning to
develop a national system of marine protected areas fo-
cused on maritime heritage, part of the ongoing work of
the joint NOAA/DOI Marine Protected Areas Center,
it will be initiatives like “Lost Fleets” that will be need-
ed to help define and construct this mandated national
system of marine protected areas. By confronting ques-
tions such as what the criteria might be for sites comprising
the maritime heritage element of the national system, and
how places like the western Arctic might fit in that system,
we help to move toward the sort of robust and compre-
hensive national MPA system envisioned by the framers of
the Executive Order that created the Center and the vision
for this national system.
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Teshekpuk Caribou Herd Movement through Narrow Corridors
around Teshekpuk Lake, Alaska

By Dave Yokel, Alex Prichard, Geoff Carroll,
Lincoln Parrett, Brian Person, and Caryn Rea.

Abstract

We used 17 years of satellite and GPS collar location
data from the Teshekpuk Caribou Herd in northern Alaska
to investigate use of two narrow land areas constricting
caribou movement around Teshekpuk Lake. In the future,
oil pipelines may be built in either area. We need pre-de-
velopment data to mitigate impacts of pipelines on caribou
movement. Caribou used the areas most during early July,
when more than 73% of collared caribou entered the areas.
During July, caribou movements were more rapid within
the constricted zones than outside.
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Introduction

Caribou (Rangifer tarandus) of the Teshekpuk Cari-
bou Herd (TCH) calve near Teshekpuk Lake in north-
ern Alaska (Carroll et al. 2005, Parrett 2007, Person et al.
2007). On the northwestern and eastern sides of the lake
are narrow strips of land extending from the lake 7 mi (11
km) to the Smith Bay and 8 mi (13 km) to the Kogru River,
respectively (hereafter the Smith and Kogru areas). These
create constricted zones through which caribou must pass
to access the area north of Teshekpuk Lake (Figure 2). On
warm, summer days, mosquito harassment of TCH cari-
bou can be severe; however, the area north of the lake has
reduced mosquito activity, for the Beaufort Sea generally
keeps temperatures lower and wind-speeds higher than in
areas farther inland (Parrett 2007). The two constricted
zones are heavily used by caribou during midsummer for
travel to and from mosquito-relief habitat north of the lake
(Person et al. 2007).

As early as 2018, the Bureau of Land Management
(BLM) may hold oil and gas lease sales for the area north
of Teshekpuk Lake (USDOI BLM 2008). Any subsequent
development would include pipelines through the con-
stricted zones; pipelines have the potential to impede
or deflect caribou movements (Lawhead et al. 2006). If
caribou cannot achieve an optimal spatial and temporal
pattern of insect avoidance and foraging, the negative im-
pact on caribou energy balance could lower survival or
productivity (Murphy and Lawhead 2000). Baseline data
on patterns of constricted zone use by caribou will be

crucial for mitigating impacts through pipeline
design, and testing the efficacy of mitigations following

development.

Methods
Satellite Collars

We analyzed telemetry data to better understand
caribou distributions and movements near Teshekpuk
Lake. Over 17 years (July 1990 through August 2007),
we outfitted 102 caribou (81 females, 21 males) with
satellite collars (Figure 1). Although satellite-telemetry
locations are considered accurate to within 0.3-0.6 mi
(0.5-1km), the data also require screening (Prichard and
Murphy 2004) to remove spurious locations, e.g. dupli-
cates, locations obtained after caribou mortality, and
those for which location quality scores indicated un-
reliability. We also removed locations that appeared
incorrect because they were far from others or were off-
shore.

To determine the proportion of satellite collared car-
ibou using the constricted zones and the area north of
Teshekpuk Lake, we analyzed locations to assess which
caribou movements crossed each constricted zone and
recorded the direction of movement (north-to-south or
south-to-north). We did this for each half-month time
period (e.g., 1-15 January, 16-31 January). We included
only animals with six or more locations per time period
to ensure we had a good record of an animal’s move-
ment for that period.

Figure 1. Author Lincoln Parrett restrains a female caribou while her calf looks on.
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GPS Collars

In recent years, we fitted some TCH caribou with
geospatial positioning system (GPS) collars, which pro-
vide more frequent locations with increased accuracy. We
deployed GPS collars on 10 female caribou in July 2004,
and 12 in July 2006. GPS collars remained on for one year.
They recorded locations every three hours in 2004-2005
and every two hours in 2006-2007.

These data were screened and filtered as were satellite
collar data. We analyzed movements of the 22 female cari-
bou to determine how often they traveled through the two
constricted zones. The high spatial and temporal resolu-
tion of these data provided relatively accurate estimates of
movement paths.

We divided distance between consecutive locations by
time to calculate movement rates. We also calculated the
average movement rate while caribou were in constricted
zones. Because movement rates are sensitive to time be-
tween locations (fix-interval), we analyzed changes in
movement rate estimates with changing fix-interval. Based
on the results, we increased rates estimated from three-
hour fix-intervals by 5.6% to approximate rates from two-
hour fix-intervals.

Weather Data

Parrett (2007) collected temperatures and wind speeds
at two locations during summer 2004 (Figure 2). One was
located 9 mi (15 km) south of Teshekpuk Lake and one
on the Beaufort Sea coast north of Teshekpuk Lake. We
obtained additional data from Barrow.

Results
Satellite Collars

The proportion of satellite-collared caribou in
the area north of Teshekpuk Lake peaked at 73% during
early July (Figure 3). This proportion dropped sharply
during other periods to nearly zero in winter. The pro-
portion of caribou in the Kogru Area was higher than in
the Smith Area. A similar pattern was observed for GPS-
collared caribou traversing across constricted zones. An

A G 5

Figure 2. The locations of constricted zones around
Teshekpuk Lake, Alaska, and two weather stations recording
temperature and wind-speed during summer, 2004.

estimated 38% and 50% crossed the Smith and Kogru
areas, respectively, during early July. More moved north
than south across the Smith Area, whereas the opposite
occurred in the Kogru Area. The proportion of satellite-
collared caribou moving across the constricted zones
varied widely among years, ranging from 14-83% and
17-77% for the Smith and Kogru areas, respectively.

GPS Collars

GPS-collared caribou frequently used the two
constricted zones during mid-summer, especially dur-
ing 2004 (Figure 4). In July 2004, eight of 10 GPS-collared
caribou made a circular movement around Teshek-
puk Lake, moving south through the Kogru Area during
6-8 July, north through the Smith Area during 20—22
July, and south again through the Kogru Area on 27 July.

The apparent these
patterns were supported by weather observations (Figure

reasons for movement
5). Lonely was generally cooler than Marty’s Strip. High
temperatures (as seen for Barrow) occurred during the
first days of July, and caribou moved north of Teshek-
puk Lake where GPS collaring took place. It was cooler
July 6-8 when eight of 10 GPS-collared caribou moved
south through the Kogru Area, and generally remained

Alaska Park Science, Volume 8, Issue 2

cooler and windier until July 20. Then a period of warm
weather and less wind followed during 2126 July, and
the eight returned north of the lake. After temperatures
dropped and wind speed increased on 27 July, all 10 cari-
bou moved south.

In 2006, five of 12 caribou traveled north and three
south through the Kogru Area, and three traveled north
and four south through the Smith Area. Only two caribou
used the corridors in August and none between September
2006 and May 2007. Only two caribou moved through the
corridors in June 2007.

Caribou moved fastest in July and slowest in June
(Figure 6). They generally moved slower north of Teshek-
puk Lake than in either constricted zone. In 2004, move-
ment rates were slower north of Teshekpuk Lake than in
the Kogru or Smith area, but there was no significant dif-
ference between the latter two. In 2006, movement rates
were higher in the Smith Area than north of Teshekpuk
Lake or in the Kogru Area, with no significant difference
between the Kogru and north areas.

Discussion

As previously reported (Person et al. 2007), the con-
stricted zones around Teshekpuk Lake are important
movement corridors for caribou moving north of Teshek-
puk Lake for insect relief. Satellite collar data show these
areas may be used throughout the year (Prichard and
Murphy 2004), but most movement across the constricted
zones occurs in July. These patterns were generally known
from field observations prior to the use of satellite collars
(Davis and Valkenburg 1979, Silva et al. 1985), but our data
quantify both use and variation among years.

Both satellite and GPS collar data show a tendency
for TCH caribou to move in a clockwise pattern around
the lake, although caribou do move both directions
through both corridors. Temperature and wind speed may
explain the timing of movements to the north of Teshekpuk
Lake, and wind may also influence this clockwise pattern.
We hypothesize that during low insect activity, caribou
tend to move with the prevailing northeasterly winds as
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Figure 3. The mean proportion (+/- 1 standard error) of
satellite-collared caribou with at least one location in the

constricted zones or north of Teshekpuk Lake, during each
2-week time period, 1990-2007.

they forage and head away from insect relief areas. When
insects increase, caribou return to relief areas heading up-
wind. Headwinds decrease insect harassment during the
return trip to insect relief areas.

GPS collar data best describe specific movement paths
and rates of movement. Observed variation in movement
rates is consistent with use of the area north of Teshekpuk
Lake for insect relief. Movement rates are fastest during
July, when mosquito activity is greatest. During July, move-
ments are slower north of the lake, where mosquito activ-
ity is lower, than inland where greater mosquito harass-
ment occurs.

Management Implications

The BLM has acknowledged the importance of the
two constricted zones to the TCH (USDOI BLM 2008) by
allowing only pipelines, not roads, within them. Traffic on
nearby roads is the most important factor affecting pipe-
line crossing success by caribou (Lawhead et al. 2006). Our
GPS collar data suggest that caribou do not consistently
favor specific paths through the constricted zones, so there
may not be a “best” pipeline route. However, these results
are based on a relatively small sample of 22 caribou, and

¢ Smith Arca

Teshelpul
Lake

Teshelkpuk
Lake

Figure 4. The locations (dots) and estimated movement
paths (line segments) of 10 GPS-collared caribou (fix interval
of 3 h) around constricted zones near Teshekpuk Lake,
Alaska, July 2004-June 2005.

our larger, satellite collar dataset displays variability among
years but longer-term trends. We require additional years
of GPS data collection to discern any real trends in caribou
routes.
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North of Kogru Smith
Teshekpuk Lake Area Area
2004 July 0.70 612 1.45 123 1.16 57
August 0.52 25 0.40 56 - -
2005 June 0.17 3 0.21 164 1.14 1
2006 July 0.88 430 1.02 169 1.63 38
August 0.60 58 0.75 17 - -
2007 June 0.18 218 0.43 52 - -

Figure 6. Movement rates (km/h) of GPS-collared caribou north of Teshekpuk Lake and in constricted zones on either side of
Teshekpuk Lake, 2004-2007. Sample size (n) is number of movement segments, i.e. pairs of consecutive locations.
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Fire in the range of the Western Arctic Caribou Herd

By Kyle Joly, T. Scott Rupp, Randi R. Jandt, and F.
Stuart Chapin, III

Abstract

Wildfire is the dominant ecological driver in boreal
forest ecosystems. Although much less is known, it also
affects tundra ecosystems. Fires effectively consume
fruticose lichens, the primary winter forage for caribou, in
both boreal and tundra ecosystems. We summarize 1950-
2007 fire regime data for northwestern Alaska and sub-
regions. We also identified meteorological factors that help
explain the variability in fire extent across this landscape.
We review information and inferences from recent studies
on tundra fire regimes for managing caribou winter range.
Climate warming may increase fire size and frequency in
this region, which may substantially impact the vegetation,
wildlife, and people of this region.

Introduction

Although much attention hasbeen focused ontherole of
wildfireinboreal forest ecosystems, itsrolein tundraecosys-
tems has largely been overlooked (but see Miller 1985, Racine
et al. 1985). Wildfires effectively consume ground-dwelling
lichens that are the primary winter forage for Western
Arctic Herd (WAH) caribou. These lichens can take de-
cades to recover to pre-fire levels in northwestern Alaska
(Jandt et al. 2008). Wildfires potentially limit caribou win-
ter range by destroying preferred forage (Rupp et al. 2006).
The WAH has undergone a population expansion starting
in 1976 until reaching a high of 490,000 caribou in 2003
(Dau 2005). The herd has expanded and shifted its primary

winter range to the Nulato Hills and the Seward Peninsula
from its historic winter range in the Buckland Valley and
Selawik National Wildlife Refuge (Figure 2). Both density
dependent (i.e., increasing herd size leading to reduced
lichen biomass) and density-independent (i.e., increasing
area burned by wildfires leading to less mature habitat)
may factor into the changes in winter range distribution
exhibited by the WAH.

Temperatures, in Alaska, including northwestern
Alaska, have been rising and the rate of climate warming
is predicted to increase (Stafford et al. 2000, ACIA 2005).
Summer precipitation has decreased at many locations
throughout Alaska, and Barrow has seen declines in annu-
al precipitation as well (Stafford et al. 2000). Warmer and
drier summers are associated with greater area burned in
Alaska (Duffy et al. 2005). In the tundra ecosystem, wild-
fires are also predicted to increase (Higuera et al. 2008).
Regional temperature and precipitation are correlated
with large scale climatic regimes, such as the Pacific Dec-
adal Oscillation (PDO) (Hartmann and Wendler 2005). Our
goals were to 1) elucidate the fire regime in northwestern
Alaska and in tundra ecosystems, 2) test whether wild-
fires are increasing in extent and frequency in the range
of the WAH and 3) identify meteorological variables that
correlate with annual area burned.

Methods

We summarized the data contained in the Alaska Fire
Service’s geodatabase, which catalogs the extent, num-
ber and location of large fires mapped from 1950-2007
(Figure 3; data at http://lagdc.usgs.gov/datalfire/index.

html). Kasischke et al. (2002) performed similar analyses
for Interior Alaska, but we calculated them for north-
western Alaska and various subsets including the WAH
core winter range, outer range, and potential future
winter range - defined as a 30-mile (50-km) wide buffer
around the outer range (Figure 24). We also summarized
burn area by conservation unit, ecoregion, tundra eco-
system, boreal forest ecosystem and also the area north
of the 68th latitude (Figures 2 and 3). Tundra ecosystems
were differentiated from forested areas using the 33-yard
(30-m) National Land Cover Database — Alaska 2001
coverage (http://www.epa.gov/mrlc/nlcd-2001.html).

For all of these areas, we also calculated the percentage
of burned area that burned two or more times during the
58-year study period. Similarly, we calculated the fire cycle
(i.e., the number of years required to burn over an area)
(Kasischke et al. 2002) for these areas. We calculated this
by dividing 1 by the proportion of area burned and multi-

Figure 1. Grazing caribou.
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plied the dividend by the duration of the study period (58
years). We used linear regression to test whether annual
area burned and number of wildfires were increasing over
time and for correlation among variables. We used average
monthly temperature and total monthly precipitation data
(Western Region Climate Center, http://www.wrcc.dri.
edu/summary/climsmak.html) from 1950-2005 to develop
climatic models to explain the variance in the amount of
area that burned annually. Sets of station averages were
compared to find the grouping that provided the most
predictive power. We also transformed these data, by
exponentiation, and included measures of the strength
(average of January and February as per Duffy et al. 2005)
of the PDO (University Of Washington, http://jisao.
washington.edu/pdo/PDO.latest) to develop alternative
models. The best models were chosen based on predictive
ability and parsimoniousness using Akaike’s Information
Criterion (AICc).

Results

More than 105 million acres (4.3 million hectares)
burned in northwestern Alaska between 1950 and 2007,
covering approximately 10.9% of the region. Of these
burned acres, 7.9% have re-burned during this time period.
We determined the fire cycle for the region to be 535 years.
The range of the WAH covers this entire region, excluding
the western most extremes of the Seward Peninsula. The
percent area burned and re-burned, and fire cycle for oth-
er portions of the WAH’s range, conservations units, and
ecoregions are shown in Figure 4. Ecoregion fire cycles
were similar to those reported by Kasischke et al. (2002).
North of 68° latitude, only 1.1% of the area had burned
with no re-burning at all. More than half of the burned
area was attributed to the 2007 Anaktuvuk River fire. In the
boreal forest ecosystem, 24.1% had burned but only 1.5% of
those burned areas had re-burned during the past 58 years.
The fire cycle for forested areas was 240 years. Burns only
covered 9.2% of the tundra ecosystem, but 7.0% of that
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area had re-burned in the past 58 years. The fire cycle for
tundra areas was 630 years.

The average of the seven weather stations (Bettles, Big
Delta, Fairbanks, McGrath, Nome, Northway and Tanana)
that Duffy et al. (2005) used to model area burned in Inte-
rior Alaska provided the most explanatory power versus
various subsets or the inclusion of the Barrow and Kotze-
bue station data. Average June and July temperatures have
increased over time in northwestern Alaska (Figure 5; F1,55
=18.67, P = 0.001, F1,55 = 10.99, P = 0.002), though average
August temperature and precipitation from June through
August did not show a significant relationship. The average
August temperature for Barrow, Kotzebue and Nome was
46.7°F (8.2°C) +/- 2.6°F (1.4°C).

There was no significant relationship with time and
area burned (i.e., there was no evidence that burned
area is increasing over time; F1,57 = 0.61, P = 0.439).
However, when we omitted years with more than 200,000
acres(8r,000hectares)burned,theamountofburnedareadid

o P
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Figure 2. Study Area. A) Range of the Western Arctic Herd caribou. B) Conservation system units of northwestern Alaska: dark green, brown, and pale yellow are managed by NPS, USFWS, and

BLM respectively. C) Ecoregions of northwestern Alaska.
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Figure 3. Wildfires on the landscape of northwestern Alaska,
1950-2007. Red polygons are burned areas, brown areas

are dominated by tundra (non-forested) habitats, green is
boreal forest ecosystems and blue depicts water.

increase over time (F1,42 = 9.95, P = 0.003). There were 15
years where the annual burn area was greater than 200,000
acres (81,000 hectares) and they were clustered into 4
groups — each group contained three to five years of high
burn area, spanned four to nine years and were temporally
separated by an average of 163 years (sd = 0.72). Allbut1 (i.e.,
14 of 15) of these high fire years were associated with average
Augusttemperatures exceeding 53°F (11.7°C). The exception
occurred in 1969, which had the lowest June precipitation
on record — well less than half the normal for the month.
Although burned area was more than double in years
with average August temperatures > 53°F (11.7°C), 226,000
versus 96,000 acres (91,000 versus 39,000 hectares), the
difference was not statistically significant (P > o.1).

The number of wildfires in northwestern Alaska and in
the tundra ecosystem significantly increased from 1950 to

Fire in the range of the Western Arctic Caribou Herd

Region % Area Burned % Area Re-burned Fire Cycle (years)
Caribou
Core winter range 19.6 8.7 296
Outer range 349 6.8 166
Potential winter range 42.8 13.2 136
Conservation Units
Cape Krusenstern (NPS) 0.1 0.0 53349
Gates of the Arctic (NPS) 2.7 5.0 2173
Noatak (NPS) 4.7 5.2 1237
Bering Land Bridge (NPS) 4.9 0.0 1188
Kobuk Valley (NPS) 6.9 3.5 844
Nulato Hills (BLM) 19.9 1.3 292
Selawik (FWS) 28.0 15.7 207
Koyukuk (FWS) 45.1 11.0 129
Innoko (FWS) 57.6 12.7 101
Ecoregions
Coastal Plain 0.0 0.0 n/a
Brooks Range 1.0 3.3 5917
Foothills 1.7 0.0 3467
Kotzebue Lowlands 6.8 2.9 859
Seward Peninsula 13.9 15.1 418
Nulato Hills 20.5 2.0 283
Kobuk Ridge and Valley 30.0 8.6 193
Yukon Lowlands 42.2 10.0 137

Figure 4. Percent area burned and re-burned from 1950-2007 and fire cycle for various regions

within northwest Alaska.

2007 (F1,57 =150, P = 0.001, F1,57 = 11.40, P = 0.001, respec-
tively). These trends disappeared when the analysis was
limited to 1988-2007 (F1,18 = 0.73, P = 0.404, F1,18 = 0.72, P
= 0.406, respectively). Dry weather in August was signifi-
cantly associated with high August temperatures (F1,55 =
7.42, P = 0.009). A 6-factor (June-September precipitation
and July-August temperature) model explained the most
variation, approximately 31%, in annual burn area in north-
western Alaska. Explanatory power was increased when
non-linear factors were added; a 5-factor model (June and
August precipitation, exponential of June precipitation, ex-

ponential of August temperature and PDO) explained 55%
of the variance in annual burned area. This model plus
the exponential of June temperature explained 67% of
the variance of average annual burned area within tundra
ecosystems. The single factor of the exponential of August
temperature explained 28% of the variance in burned area
for northwestern Alaska and 47% for tundra fires in this
region. For more on models, see Figure 6.

Discussion and Conclusions
We found that wildfire is a common occurrence in
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Figure 5. Significant increases in average June (blue dia-
monds) and July (green circles) temperatures from 1950-2005
in northwestern Alaska. Corresponding regression lines

are depicted in red (lower line) and orange (upper line).
Temperatures represent an average for the Barrow, Bettles,
Kotzebue, McGrath, Nome and Tanana weather stations.

northwestern Alaska, in the range of the WAH and in
tundra ecosystems. Burn acreage tended to decrease
with latitude and longitude as, historically, fires have
been rare events north of the Brooks Range and in mari-
time climates. Nearly 20% of the WAH core winter range
has burned during the past 58 years. With current high
population densities and declining lichen cover, the herd
may seek out additional winter ranges (Joly et al. 2007b).
We found that the WAH’s outer range has burned even
more extensively than its core winter range. Potential fu-
ture winter range, further to the east, was one of the most
extensively burned areas in the region and also appeared
to have one of the highest incidences of re-burning - likely
because it is in the warmer and drier continental Interior
climate zone. We believe this level of burning may prove to
be an impediment for the herd to expand its winter range
possibilities as extensive, mature lichen mats are unlikely to
be found in these areas.

The extent of burned area within Selawik National
Wildlife Refuge (28%) came as a surprise, as well as the
fact that this area had the highest percentage of re-burned
area of any sub-region within northwestern Alaska. These
facts may help explain why the herd has largely abandoned
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its historic winter range in the refuge, though density-
dependant factors are likely to have also played an impor-
tant role. The Seward Peninsula ecoregion had the second
highest re-burn percentage, but is still utilized by the herd
(Joly et al. 2007a). One possible reason for the continued
use of this region as winter range is that it contains > 4 times
more area that has not burned in the past 58 years than the
Selawik. Re-burn estimates need to be cautiously interpret-
ed, however, as fire perimeters in the AFS database do not
account for unburned inclusions and in earlier years
were often based on rough maps produced by firefighting
crews.

Aswe expected, wildfire affected a greater percentage (~
25%) of forested areas than tundra areas (< 10%) in north-
western Alaska during the past 58 years. We found that
burned tundra was 4.5 times more likely to re-burn than
burned forest during our 58-year study period. This find-
ing is intuitive because grasses and sedges that dominate
tundra ecosystems recover very quickly (Jandt et al. 2008),
and produce an important surface fuel (dead leaf litter) to
carry new fires. Conversely, surface fuel loads (dominated
by feather mosses) in the boreal forest can take decades to
return (Kasischke and Stocks 2000, Camp et al. 2007). The
fire cycle for tundra areas was more than 2.5 times longer
than for forested areas. We did not find any examples of
forested areas being re-burned more than once, while we
found 11 cases in the tundra where a patch had re-burned
more than once and one location on the central Seward
Peninsula was mapped as burned in 1971, 1990, 1997 and
2002.

Using the large fire database, we were unable to detecta
trend of increased annual burn area over time. This may be
because climate warming is not yet strong enough to impact
northwestern Alaska’s fire regime or is intertwined with
other factors that may suppress wildfires. However, when
we omitted large fire seasons, we found a strong increas-
ing trend (Figure 7). This may be explained in at least two
ways. First, changes in the accuracy of fire maps and in fire
suppression capability and management over the period of
record may affect apparent burn acreage trends. Alterna-
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A. All of northwest Alaska

Model Variables A | Adj.
June and August precipitation, exp August 0.00 | 0.547
temperature, exp June precipitation, PDO ’ ’
June precipitation, exp August temperature, 0.40 | 0.532
exp June precipitation, PDO ’ ’
exp August temperature 20.12| 0.284

B. Tundra
Model Variables A | Adj.
June and August precipitation, exp June and 0.00 | 0.667
August temperature, exp June precipitation, ’ )
PDO
June precipitation, exp June and August 0.16 | 0.656
temperature, exp June precipitation, PDO
June precipitation, exp August temperature, | 0.47 | 0.645
exp June precipitation, PDO
exp August temperature 19.10 | 0.467

Figure 6. Models for explaining the annual amount of area
burned for (A) all of northwestern Alaska and (B) just for
tundra (non-forested) ecosystems in northwestern Alaska,
1950-2005. The term “exp” means the exponential of that
variable was used. The term “PDO" is the average of the
January and February values of the strength of the Pacific
Decadal Oscillation.

tively, climate warming may indeed be increasing annual
area burned, but some other factor may induce pulses of
large fire seasons that mask this overall trend when includ-
ed in the regression analysis. The number of wild and tun-
drafires in northwestern Alaska appear to have significantly
increased during the past 58 years. This, however, may also
be an artifact of the fact that fires less than 1,000 acres (405
hectares)werenotregularlymappedpriortor988. Wedidnot
find evidence that the number of wild and tundra fires have
increased since 1988 — a time period when all of these fac-
tors should be equivalent in the database. Increases in both
the area burned and number of fires in the boreal forest
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Figure 7. Amount of burned
area in northwestern Alaska,
1950-2007, excluding years with
very high acreages (> 200,000,

n = 15). Red line is the regres-
sion line showing a significant
increasing trend in burned area.
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have been identified (Kasischke and Turetsky 2006).

Our addition of non-linear and Pacific Decadal Oscilla-
tion factors greatly improved our model’s ability to predict
annual burned area. The model was even stronger at pre-
dicting the amount of burned tundra. The effects of climate
change, potentially warmer and drier summer weather, may
have non-linear effects on the fire regime of northwestern
Alaska. For northwestern Alaska and tundra, the exponen-
tial of August temperature had the greatest explanatory
power. For Interior boreal forests, June temperature was the
single most important factor explaining variance in burned
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area (Duffy et al. 2005). Part of this difference may be ex-
plained by phenology differences between the ecosystems
—in other words, summer simply comes later to northwest-
ern Alaska than it does to the Interior, therefore tempera-
tures later in the year are more important in determining
annual burn area. Additionally, August is on average the
coolest of the summer months but has the greatest vari-
ability. Warm temperatures in August were correlated with
dry weather and thus it is not surprising that they are asso-
ciated with increased annual burned area in northwestern
Alaska (Miller 1985).
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Management Implications

The management of wildfires is a contentious issue,
not least of all because of its implications for caribou win-
ter range. Our findings are based on the large fire database
maintained by the Alaska Fire Service and thus should be
viewed carefully. We believe our preliminary findings pro-
vide a starting point for understanding the importance of
wildfire in northwestern Alaska and tundra ecosystems
in general. While fires are less common in tundra ecosys-
tems than in boreal forests, tundra ecosystems are capable
of burning much more frequently. Understanding the fire
regime of this region and its impacts on the WAH will be
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critical information utilized in the development of a fire
management plan for the winter range of the herd.
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Ecological Land Classification and Mapping of the
Wrangell-St. Elias National Park and Preserve

By Torre Jorgenson, Ken Stumpf, Joanna Roth,
Trish Miller, Eric Pullman, Tim Cater, Michael Duffy,
Wendy Davis, Matt Macander, and Jess Grunblatt

Introduction

Ecosystems of the Wrangell-St. Elias National Park and
Preserve (WRST) are highly diverse owing to extremely
variable geologic terrain and to the large climate gradi-
ent that ranges from the wet Gulf of Alaska coast to the
cold and dry continental climate of Interior Alaska. At 13.2
million acres, it is the largest park in the NPS system. Its
national and global significance was recognized by its des-
ignation as a national park and preserve under the Alaska
National Lands Conservation Act in 1980 and as a “World
Heritage” site by the United Nations in 1979 that includes
the Canadian Kluane National Park.

Ecological field surveys and landcover mapping
are essential for evaluating land resources and de-
veloping management strategies that are appropri-
ate to the varying conditions of the landscape. Land
classification and mapping canbe used to efficiently allocate
inventory and monitoring efforts, to partition ecological
information for analysis of ecological relationships, to de-
velop predictive ecological models, and to improve tech-
niques for assessing and mitigating impacts. To satisfy this
wide range of needs, we used an integrated approach of
inventorying and classifying ecological characteristics
from the “bottom up” and used satellite image processing
and environmental modeling to map landcover from the
“top down.” This integrated effort also required a team
with diverse skills—ABR, Inc. conducted the intensive

field inventory, ecological analysis and classification work,
Geographic Resource Solutions (GRS) performed aerial
surveys and satellite image processing, and NPS provided
logistical support, data management, and product review.
The structure and function of natural ecosystems are
regulated largely along gradients of energy, moisture, nu-
trients, which disturbance. These gradients are affected by
climate, physiography, geomorphology, soils, hydrology,
vegetation, and fauna, which are referred to as ecological
components or ‘state factors’ (Bailey 1996). An ecologi-
cal land classification also involves organizing ecological
components in a hierarchy of spatial and temporal scales,
where local-scale features (e.g., vegetation) are nested in
regional-scale components (e.g., climate and physiogra-

phy).

Methods

We used a multi-step process to sample and assess the
variability in vegetation and other ecological characteris-
tics in order to implement the ecological land classifica-
tion segment of the overall mapping effort (Jorgenson et
al. 2008). These included: (1) an integrated ecological land
survey to characterize vegetation, soils, and other ecologi-
cal characteristics; (2) classification of plant communities
(floristic associations), soils, and local-scale ecosystems
(termed “ecotypes”) that integrate co-varying ecological

Figure 1. Field surveys were done in teams of two with a
botanist and a soil scientist to document geomorphology,
hydrology, soil stratigraphy, site chemistry, and vegetation
structure and composition. Each plot required about an hour
to complete.
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properties; and (3) analysis of relationships among ecologi-
cal components. Relationships among ecological compo-
nents then were used in map development by incorporat-
ing a simplified integrated-terrain-unit approach based on
climate zone, physiography, surface form, and vegetation.
These are features which can be readily mapped or mod-
eled. Physiographic units were derived from the existing
landscape-level ecological maps (subsections) for WRST
(Swanson and Anderson 2001) and are closely related to
geology and geomorphology (Winkler 2000). Surface forms
(primarily slope-related features) were derived from a
digital elevation model (DEM). Vegetation classes were
obtained from the landcover types developed by the
spectral classification performed by GRS. This integrated-
terrain-unit (ITU) approach, along with the landscape
relationships developed from the analysis of the field
survey information, allowed us to develop a set of map
classes from remote sensing that better differentiated eco-
systems and their floristic and pedologic characteristics.

We conducted ecological field surveys in WRST dur-
ing 2004-2006 using a gradient-directed sampling scheme
across climatic, geologic, and topographic gradients to sam-
ple the range of ecological conditions and to provide the
spatially-related data needed to interpret ecosystem
development. Intensive sampling was done along transects
located in climatic subzones and major physiographic
units, including coastal, glacial, riverine, lacustrine, low-
land, upland, subalpine and alpine areas. Data were
collected at 569 plots along 77 transects. Along each
transect, four to 14 plots were sampled, each in a distinct
vegetation type or spectral signature identifiable on aerial
photographs. At each plot (~33 ft/1o0 m radius), descriptions
or measurements were made of GPS location, geology,
surface form (micro- and macrotopography), hydrology,
soil stratigraphy, and vegetation cover (Figures 1-3).

Results and Discussion

For ecological classification, individual ecological com-
ponents (e.g., geomorphic unit, Alaska Vegetation Classifi-
cation) were classified using standard classification schemes
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Figure 2. Visual estimates of percent cover were made of all vascular plant species
and the dominant nonvascular plants.

for Alaska, but modified when necessary to differentiate
unique characteristics in the study area. We identified 67
plant associations through multivariate classification tech-
niques (Figure 4). Soils described at 423 plots were classified
into 53 soil types (subgroup level), of which 15 were rare oc-
currences and not used in the analysis of soil-vegetation re-
lationships. We used the hierarchical relationships among
ecological components to develop 68 ecotypes that best
partition the variation in ecological characteristics across
the entire range of aquatic and terrestrial environments.
Thirty-nine ecotypes were described from the boreal cli-
matic zone, 23 from the maritime zone, and an additional
six water and snow/ice classes. The most prevalent eco-
types included: Snow and Glacier (42.6%), Boreal Alpine
Barrens (21.4% of area), Boreal Subalpine Willow and Birch
Scrub (7.1%), Boreal Alpine Sedge-Dwarf Willow Meadow
(4.1%), Boreal Alpine Dryas Dwarf Scrub (4.0%), Boreal
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Figure 3. Soil profiles were described

at each plot. Relationships among

soil, vegetation, and other landscape
components were used to develop rules
to model the landcover map into a soils
landscapes map.

Glaciated Barrens (3.7%), Boreal Upland White Spruce
Forest (2.9%), Boreal Subalpine Spruce Woodland
(2.8%), Maritime Glaciated Barrens (2.8%), and Boreal
Lowland White Spruce Forest (2.6%).

Soil landscape classes, were developed by cross-tabu-
lating soils with the ecotypes assigned for each plot. The
cross-tabulation revealed that two to five closely related
soil types usually were associated with two to three eco-
types. These groupings were used to identify 21 terrestrial
and five water and glacier landscapes, which provide a set
of 26 classes with broad application for resource manage-
ment.

Multiple environmental site factors contributed to
the distribution of ecotypes and their associated plant
species, resulting in large differences among ecotypes.
Mean surface organic-horizon thickness (an indicator of
land surface age), anaerobic soil conditions, and distur-
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bance, ranged from o inches (o cm) in alpine, coastal and
riverine barrens to 5 feet (150 cm) in boreal lowland sedge-
shrub fens and boreal lacustrine sedge meadows (Figure
5). Mean depth to rock, an indicator of surficial deposit
depth and drainage, ranged from o inches (o cm) in alpine
barrens to >6.5 feet (>200 cm) in numerous ecotypes that
occurred on thick, eolian surficial deposits. Permafrost
presence varied in the boreal zone. Areas where per-
mafrost was at >5 ft (>1.5 m) depth or was absent, in-
cluded upland, subalpine, younger
lacustrine fens. In other lacustrine,

riverine, and
lowland and

uosuabuor | 4o Asapnod sydesboloyd

alpine areas, permafrost was usually present at 1.6-33 ft
(50-100 cm) depth, with a minimum depth of 6 in (15 cm).
Permafrost was absent in the maritime zone, except for
high elevation mountainous areas and areas underlain
by glacial ice. Mean water depth (negative when below
ground) for terrestrial ecotypes ranged from >-6.5 ft (>-200
cm) in Boreal Upland Sagebrush Meadow to 4 in (10 cm)
in Maritime Coastal Sedge Meadow. Mean pH, which af-
fects nutrient availability, ranged from 3.4 in Maritime Up-
land Tall Alder Shrub to 83 in Maritime Coastal Barrens.
Mean electrical conductivity (EC), important for osmotic

Figure 4. Views of some of the wide range of ecosystem
types in WRST. Photos left to right, in rows top to bottom:
Boreal Alpine Dryas Dwarf Shrub, Boreal Glaciated Barrens,
Boreal Subalpine Forb Meadow, Boreal Upland Aspen Forest,
Boreal Lowland Black Spruce Bog, Boreal Riverine Dryas
Dwarf Shrub and Barrens, Boreal Lacustrine Pondlilly, Mari-
time Upland Sitka Spruce Forest, and Maritime Coastal
Angelica Meadow.

regulation in plants, ranged from 30 uS/cm in Alpine Lake
to 37,500 uS/cm in Nearshore Water in aquatic ecosystems,
and from 33 uS/cm in Maritime Alpine Barrens to 613 uS/
cm in Maritime Coastal Sedge Meadow in terrestrial eco-
systems.

Two types of map products were developed: land-
cover maps produced by GRS (Stumpf 2007) that use
vegetation classes similar to the AVC classification, and
ecosystem maps derived from landcover maps through
rule-based modeling with ancillary maps. A landcover
map was developed through classification of spectral
characteristics of 1 Landsat scenes that covered the
area. The process involved: (1) compiling and prepro-
cessing 11 Landsat ETM scenes; (2) developing an unsu-
pervised classification of the scenes to guide field sur-
veys; (3) developing spectral training areas by sampling
spectrally homogenous patches by helicopter; (4) devel-
oping a spectral database that included both spectral and
vegetation characteristics; (5) evaluating similarities and
differences among spectral signatures; (6) classify-
ing the vegetation type of each spectral signature
using cut-point rules from the AVC and the quantita-
tive vegetation data; (7) performing a supervised clas-
sification of all the scenes using the classified signatures;
and (8) reducing errors in the resulting scenes through
rule-based modeling with ancillary data. These data in-
cluded a DEM, winter Landsat scenes, and an ecosec-
tion map to help with regional differences. The resulting
landcover map has four levels of aggregation from 123
calculated vegetation types to 1 major physiognomic
classes.

We developed a set of three ecosystem maps from

a2 ____________________________________________________________________________________________________________________________|
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Surface Organic Depth Depth to Rock Thaw Depth

Figure 5. Mean thickness (+ SD) of surface organic layer,

depth to rock (>15% coarse fragments) and depth of thaw
for boreal ecotypes in Wrangell-St. Elias National Park and
Preserve, 2004-2006. Sample sizes are in parentheses. Boreal Alpine Ericacous Dwarf Shrub (20)

Boreal Alpine Barrens (12)

Boreal Alpine Dryas Dwarf Shrub (17)

Boreal Alpine Sedge Meadow (12)
Boreal Alpine Sedge-Dwarl Willow Meadow
(24)

the GRS landcover maps, based on rule-based modeling. Boreal Alpine Tussock Meadow (4)

First, a map of integrated terrain units (ITUs) for WRST Boreal Subalpine Forb Meadow (4)

was developed by overlaying and combining the detailed Boreal Subalpine Poplar Forest (7) u
123 classes from the GRS landcover map and four terrain Boreal Subalpine Spruce Woodland (3)

layers: climatic subregions (7 classes), physiography (flood- Boreal Subalpine Willow and Birch Shrub (64)

plains, glaciers, coastal, and other), elevation (<8oom, Boreal Glaciated Barrens (3)

800-1000 m, and >1000 m), and slope (< 7° and =7°). This Boreal Glaciated Dryas Dwarf Shrub (2) y
initial set of 6,465 combinations, or ITUs, was aggregated Boreal Glaciated Willow Shrub (3) u
into a reduced set of 66 ecotype map classes (two ground Boreal Upland Aspen Forest (9) u
classes could not be mapped) based in large part on Boreal Upland Birch Forest (6)

terrain relationships developed from analysis of field data Boreal Upland Sagebrush Meadow (6) u

(Figure 6). Third, we developed a soil-landscapes map with
25 classes derived from aggregating similar ecotypes with Boreal Upland Tall Alder Shrub (14)
similar soils (Figure 7).

Ecotype distribution was affected by numerous land-
scape-level factors. Tectonics and regional mountain

Boreal Upland Spruce-Birch Forest (7)

Boreal Upland White Spruce Forest (11)
Boreal Lowland Black Spruce Bog (15)

Boreal Lowland Black Spruce Forest (14)

building have created barriers to atmospheric movement Boreal Lowland Low Birch-Willow Shrub (5)
and topographic climate gradients, resulting in strong dif-

Boreal Lowland Sedge-Shrub Fen (23)

ferences between boreal and maritime ecotypes. Oceano- Boreal Lowland Tall Willow Shrub (6)
graphic conditions have lead to salt-affected ecotypes Boreal Lowland Tussock-Shrub Bog (11) u
along the coast and the prevalence of lowland ecotypes on Boreal Lowland White Spruce Forest (11)
the coastal plain. Soil pH and nutrient status are strongly Boreal Lacustrine Pondlily (2) u
affected by underlying bedrock types and geomorphology. Boreal Lacustrine Sedge Meadow (21)
Geomorphic environments associated with active sedi- Boreal Riverine Acidic Barrens (5) u
ment erosion and deposmon create a wide range of soil Boreal Riverine Circumalkaline Barrens (8) u
conditions and disturbance regimes (Figure &). Areas un- Boreal Riverine Drvas Dwarf Shrub (3) u
derlain by permafrost have impeded subsurface drainage, Boreal Riverine Gravelly Poplar Forest (5) u
and the varying volumes of ground ice affect the magni- Boreal Riverine Loamy Poplar Forest (7) u
tude of permafrost degradation. Fires are a strong modifier Boreal Riverine Loamy Willow Shrub (3) u
of ecosystem dynamics, particularly in interior areas veg- Boreal Riverine Low Silverberry Shrub (6) u
etated by black spruce. Finally, recent spruce beetle infes- Boreal Riverine Sandy Willow Shrub (3) u
tations have severely damaged large areas of spruce forest. Boreal Riverine Spruce-Poplar Forest (4) u
Boreal Riverine Tall Alder Shrub (9) u

. u

COhC|USIOnS Boreal Riverine White Spruce Forest (5)
This integrated ecological land survey approach has 0 25 50 75 100 0 50 100 150 200 ¢ 50 100 150
Depth (cm) Depth (em) Depth (¢cm)
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Figure 6. Map of ecotypes of the Wrangell-St. Elias National Park and Preserve.
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Figure 7. Map of soil landscapes of