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the flora and the increased plant productivity, particularly of shrubs, as one moves inland. The predominantly wet
landscape also creates steep vegetation gradients within elevation changes of a few centimeters. Small hummocks and
higher microsites associated with ice wedge polygon relief may be elevated only 10-25 cm above the level of saturated
soils but can support rich mesic tundra plant communities. Thus each point in the tundra of the Prudhoe Bay region
is a product of numerous microscale, mesoscale and macroscale environmental gradients. This study examines these
three scales of environmental gradients and their effects on the vegetation. Data from 92 permanent study plots are
presented to document 42 vegetation types. Maps of the region (Walker et al. 1980) are analyzed to determine how
the gradients affect the mapped vegetation and landform units. At the microscale, soil moisture, soil pH, percentage
of organic matter, soil nutrients, snow depth, hummock size, cryoturbation and animal activity are examined. Pearson’s
correlation analysis is used to explore the relationships between variables and the cover data for each plant species.
The mesoscale variables that are examined are all related to the loess gradient. The effects of loess on the soils and
composition of the vegetation are studied using the same techniques as for the microscale variables. The macroscale
portion of the study focuses on the effects of the steep coastal temperature gradient. A floristic analysis examines the
flora with respect to the temperature, soil moisture and cryoturbation gradients. A willow study correlates summer
warmth with the width of growth rings and the height of Salix lanata ssp. richardsonii along a 100-km north-south
transect. A vegetation zonation of the coastal plain in the vicinity of the Sagavanirktok River based only on shrub
height is also presented.
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PREFACE

This report was prepared by Dr. Donald A. Walker, Research Associate, Institute
of Arctic and Alpine Research (INSTAAR), University of Colorado, Boulder. It was
written as a doctoral thesis prepared in 1981 at the University of Colorado, Depart-
ment of Environmental, Population and Organismic Biology. The study was initiat-
ed in 1973 under the U.S. Tundra Biome portion of the International Biological Pro-
gram (IBP) and is part of CRREL research activities conducted under DA Project
4A161102AT24, Research in Snow, Ice and Frozen Ground, Task CS, Work Unit
001, Environmental Constraints on Frozen Terrain. Portions of the field and office
studies were undertaken with nonrestricted contributions to the University of
Alaska’s Tundra Biome Center from the Prudhoe Bay Environmental Subcommit-
tee of the Alaska Oil and Gas Association. Other support was shared with Tundra
Biome projects sponsored by the National Science Foundation, which were based at
the Naval Arctic Research Laboratory at Barrow, Alaska. The report is a contribu-
tion to the U.S. IBP, the Man and the Biosphere Program, and the U.S.-U.S.S.R. bi-
lateral Environmental Protection Agreement, Project V, Protection of Northern
Ecosystems (Scriabine 1978).

Numerous individuals have made helpful suggestions. Dr. Roger Barry, climatol-
ogist at the Cooperative Institute for Research in Environmental Sciences (CIRES),
University of Colorado, and Richard K. Haugen, CRREL, reviewed the climate sec-
tions. Mr. Haugen allowed the author to use his unpublished climate data from
Prudhoe Bay and the Haul Road. Dr. Kaye R. Everett and Dr. John C.F. Tedrow
reviewed the soils section. Dr. Vera Komdrkovd, INSTAAR, reviewed the vegetation
section. Individuals who participated in the field work included John Batty, John
Davidson, Fred Rowley, Jane Westlye, Eleanor Werbe, Ken Bowman and Kate Pal-
mer. Computer expertise came from Ken Bowman, John Albrecht, Kevin Dorr,
Margaret Eccles, Kevin Bleeker and Steve Carnes. Drafting was done by Vicki Dow,
Don Mills, Ken Bowman, Martha Bramhall and Eleanor Huke. Kate Salzburg of
INSTAAR and Stephen Bowen of CRREL helped with numerous aspects of the tech-
nical illustrations.

Numerous taxonomists generously helped with the plant identifications. Dr.
David Murray, University of Alaska Museum, and Dr. William Weber, University
of Colorado Museum, examined the vascular plants. Dr. William Steere, New York
Botanical Gardens; Barbara Murray, University of Alaska Museum; Dr. William
Weber; Dr. Joanne Flock, University of Colorado; Dr. Sam Shushan, University of
Colorado; and Dr. John Thomson, University of Wisconsin, all helped identify the
mosses and lichens.

Most of the soils were analyzed at the INSTAAR sedimentology laboratory by Rolf
Kihl. Dr. J. McKendrick, Agricultural Experiment Station, Palmer Research Cen-
ter, University of Alaska, analyzed the soil nutrients. Tom Boldin, technician at the
University of Colorado Medical School, sectioned and mounted the willow stems for
the growth ring analysis.
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VEGETATION AND ENVIRONMENTAL
GRADIENTS OF THE PRUDHOE BAY

REGION, ALASKA

Donald A. Walker

CHAPTER 1. INTRODUCTION

The Prudhoe Bay oil field (Fig. 1) is in a region
of nonglaciated wet coastal tundra with primarily
alkaline soils. The recent extensive development
(Fig. 2) has created a need for information regard-
ing this relatively unknown type of tundra. The
objective of this report is to provide a thorough

168° 164° 160°

description and analysis of the regional vegetation
and environmental gradients.

Most of our knowledge of Alaskan arctic wet
coastal ecosystems comes from Barrow, Alaska,
which is an acidic tundra region. The early de-
tailed ecosystem research at Barrow was, for the
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Figure 1. Location of Prudhoe Bay on the northern coast of Alaska. (From Walker et al. 1980.)



Figure 2. Road and pipeline network in the western (Sohio) portion of the Prudhoe Bay oil field. The roads
connect numerous drilling pads, base camp, and construction and oil-processing facilities. Note the numerous oriented

thaw lakes. (Photo by NASA.)

most part, confined to the immediate vicinity of
the Naval Arctic Research Laboratory because of
the difficulty of traveling inland. The Prudhoe
Bay research had the advantage of easy access to a
large diverse area of tundra due to the presence of
the trans-Alaska pipeline haul road and the exten-
sive road network within the region. This made
feasible a detailed examination of the mesoscale
and macroscale environmental and vegetation gra-
dients along a continuous latitudinal transect.
Cantlon (1961) was the first to discuss the vegeta-

tion of northern Alaska in terms of microscale,
mesoscale and macroscale environmental gra-
dients, and his precedent is followed here.*

* The microscale gradients are discussed first because the vege-

tation types are most easily defined in relation to microscale
phenomena, and these types are discussed in the chapters on
mesoscale and macroscale gradients. Some readers may prefer
to read the chapters on mesoscale and macroscale gradients
(Chapters 4 and 5) first, as this material may be of broader in-
terest. This can be done with only occasional references to
Chapter 3, particularly Table 3.



The microscale gradients are described in Chap-
ter 3. Included here are descriptions of the major
vegetation types and discussions of site moisture,
snow depth and cryoturbation gradients. The pri-
mary emphasis is on soil moisture characteristics,
their relationship to patterned-ground features,
and the effects on other soil parameters. A major
portion of the chapter is devoted to the responses
of individual plant taxa to the various gradients.
Chapter 4 considers the mesoscale gradients, pri-
marily those related to loess deposited from the
Sagavanirktok River. It includes discussion of the
variation in soil parameters and species composi-
tion between study sites within the Prudhoe Bay
region. Chapter 5 deals with macroscale patterns.
It includes a floristic analysis, which examines the
influence of the coastal temperature gradient on
the regional flora. It also examines the importance
of various worldwide floristic influences on the re-
gional flora and how the relative proportion of the
various elements changes along the temperature
and soil moisture gradients. Chapter 5 also dis-
cusses the changes in shrub productivity along the
temperature gradient by examining the variation

in the height and growth ring widths of Salix lan-
ata ssp. richardsonii along a 100-km transect from
the coast to the arctic foothills.

This work was part of a multidisciplinary effort
conducted by the International Biological Pro-
gram (IBP) to examine the tundra biome (Brown
1975, Tieszen 1978, Brown et al. 1980, Walker et
al. 1980), which built on an already substantial
volume of research at Barrow (Britton 1973, Gunn
1973). This report is an edited version of a thesis
prepared in 1981. Since it was written, there have
been several new ecological studies related to envi-
ronmental impacts within the oil field (e.g. U.S.
Army Corps of Engineers 1980, 1982, LGL Alas-
ka Research Associates 1983). There is also a new
guidebook for the regional permafrost features
(Rawlinson 1983) and a major new work on the
paleoecology of Beringia (Hopkins et al. 1982).
The rapid growth in knowledge of the region has
dated some of the introductory material in Chap-
ter 2, particularly the sections on geology and
wildlife. Interested readers should consult the
above references for more up-to-date discussions
of these topics.
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CHAPTER 2. DESCRIPTION OF THE REGION

TOPOGRAPHY

The area discussed here is roughly defined by
the extent of the road network as it existed in 1978
(Fig. 3). It lies between the Sagavanirktok River
on the east and the Kuparuk River 25 km to the
west and extends about 10 km inland to just south
of the Deadhorse airfield. In 1979 the Kuparuk
Field was connected to the Prudhoe Bay region by
a road to the west. The Kuparuk Field is farther
from the coast, and the vegetation is somewhat
different from that in the main Prudhoe Bay re-
gion, mainly because the terrain is more rolling,
the climate is relatively warm, and the tundra is
acidic. The vegetation of the Kuparuk area was ex-
amined in 1980 but is discussed here only in com-
parison to the main Prudhoe Bay area.

Within the study area the terrain is mostly flat.
From the air the dominant geomorphic character-
istics are the numerous lakes and the polygonally
patterned ground (Fig. 4 and 5). The lakes have a
long-axis orientation of about N15°W, and they
are ‘“‘thaw lakes’’ in that they have been formed
and enlarged by the thawing of frozen ground
(Black and Barksdale 1949, Black 1969, Sellmann
et al. 1975). Their elliptical shape and parallel
alignment have been attributed to the action of
wind (Carson and Hussey 1959, 1962, Rex 1961).
The exact mechanisms for lake orientation are
not, however, completely understood (Mackay
1963). The lakes are relatively short-lived phenom-
ena that form, expand and drain within a few
hundred to thousands of years. The process is cy-
clic, as new lakes form in the basins of drained
lakes. These smaller lakes eventually enlarge until
they too are drained, often by a stream that
breaches the lake basin. The entire process is
termed the ‘‘thaw lake cycle’’ and is described by
Hopkins (1949), Britton (1967), Billings and Pe-
terson (1980), Everett (1980d) and others.

Ice wedge polygons dominate the terrain be-
tween thaw lakes. The most widely accepted expla-
nation for ice wedge polygon formation is Lef-
fingwell’s thermal contraction crack theory (Lef-

fingwell 1915, 1919, Lachenbruch 1959, 1966).
According to this theory, cracks form in the tun-
dra when the surface contracts due to low winter
temperatures. These cracks form a polygonal net-
work similar in pattern to that formed in clays of
dry lake basins, except the polygons are much
larger, normally 5-40 m in diameter. In the spring,
when there is unfrozen water on the tundra sur-
face, water flows into the cracks. Below the per-
mafrost table this water freezes, preventing the
cracks from closing as the ground temperatures
rise. Frost crystals, wind-blown snow and sand
may also keep the cracks from closing. This proc-
ess, repeated over many winters, eventually results
in an ice wedge. Low-centered polygons are the
most common ice wedge polygon form in the
Prudhoe Bay region. Most are nonorthogonal, i.e.
the ice wedges do not intersect at right angles. The
polygon diameters range between 5 and 12 m
(Everett 1980d). Each low-centered polygon is
composed of three elements: a central basin, a
raised peripheral rim and a trough. The rim con-
sists of soil displaced by the ice wedge. The rims of
adjacent polygons are separated by a trough that
marks the position of the ice wedge. The actual ice
wedge is usually only a few centimeters beneath
the trough. Microrelief associated with low-
centered polygons is commonly less than 0.5 m but
can range up to 1 m (Everett 1980d).
High-centered polygons are another common
feature. These form in two ways. Britton (1967)
described one process that occurs in regions where
there is rapid accumulation of peat, primarily
Sphagnum peat. The peat forms in the polygon
basins until the basin is converted to a raised poly-
gon center. This process is common in acidic por-
tions of the coastal plain, but it apparently does
not occur in the alkaline tundra of the Prudhoe
Bay region. Here most high-centered polygons
form as a result of melting of the ice wedges, cre-
ating a deeper trough and a relatively elevated
polygon center. This commonly occurs in areas



Figure 4. Oriented thaw lakes in the Prudhoe Bay region.

Figure 5. Low-centered polygons in the delta of the Kuparuk River.



where the local drainage has been improved, either
by the formation or drainage of a thaw lake or by
the proximity to a stream or river that has a steep
drainage gradient along its margin. High-centered
polygons also occur along roads where ponding,
thermokarst and settling of the road have changed
the local hydrologic regime.

Polygons of one form or the other, sometimes
with low- and high-centered forms mixed together
in complex systems, cover most of the Prudhoe
Bay landscape. Although the region is generally
flat, on a microscale the surface is actually quite
rough. Microrelief variations of less than 0.5 m as-
sociated with ice wedge polygons are responsible
for most of the spatial variation in soil and vegeta-
tion type within the area.

Other landform types associated with flat sur-
faces include nonpatterned ground, disjunct poly-
gon rims, reticulate-patterned ground, frost scar
terrain and hummocks (Everett 1980d). Nonpat-
terned ground and disjunct polygon rims are com-
monly associated with new surfaces in recently
drained lake basins. Reticulate-patterned ground
occurs on well-drained upland surfaces, often near
streams. The pattern is a complex arrangement of
slightly convex polygons with diameters less than 1
m (Everett 1980d). Frost scars, or nonsorted cir-
cles, are another form of patterned ground. The
circles are 1-2 m in diameter with a center spacing
on the order of 2.5 m (Everett 1980d). The central
areas of the frost scars are often barren and frost
active. Washburn (1969) has described the proc-
esses involved in frost scar formation. The sloping
terrain associated with pingos and streams is com-
monly very frost active, with small frost scars
and/or large earth hummocks. The hummocks can
be up to 0.2 m tall and 0.5 m in diameter (Everett
1980d).

Pingos are the most distinctive features in the
region. These small, dome-shaped hills are pro-
ducts of cryostatic forces that occur with the de-
velopment of permafrost in recently drained lake
basins (Porsild 1938, Mackay 1962, 1979, Everett
1980d).

Several streams and rivers give the landscape
further variety. The Sagavanirktok and Kuparuk
rivers have numerous braided channels with exten-
sive gravel and sand bars. Active sand dunes occur
in the deltas of both rivers and are extensive along
the western bank of the Sagavanirktok. Bluffs and
terraces associated with the rivers provide suffi-
cient terrain relief so that snowbanks last into late
July. The Putuligayuk and Little Putuligayuk are
smaller rivers and have oxbow lakes and beaded

thaw ponds. The extensive, barren gravel bars in
the larger rivers are due to the high spring runoff
levels that occur within ten days following break-
up. Up to 90% of the annual flow can occur with-
in this period on the Little Putuligayuk River
(Carlson et al. 1977). During midsummer and late
summer, flow rates are much reduced, exposing
the river bars.

Murray (1978) has noted that the large gravel-
bottomed rivers in the region are the main features
that make the Prudhoe Bay area so different from
the IBP study site at Barrow and the coastal plain
west of the Kuparuk River. The rivers west of the
Kuparuk and east of the Utukok River near Icy
Cape all either drain into the Colville River or
have their headwaters in the unconsolidated de-
posits of the coastal plain or in the foothills associ-
ated with Lookout Ridge. The Kuparuk, Sagavan-
irktok, Shaviovik, Canning, Hulahula, Okpilak
and rivers to the east all have their headwaters in
bedrock areas of the Brooks Range.

The Sagavanirktok River is responsible for the
calcareous substrate in the Prudhoe Bay region
and along the river to the south (Drew 1957, Ko-
randa 1960, O’Sullivan 1961, Murray 1978, Par-
kinson 1978, Steere 1978). The river and many of
its tributaries pass through the Lisburne limestone
deposits on the northern flank of the Brooks
Range. The calcareous silts are spread from the
broad river channels to the surrounding terrain by
strong easterly winds (Benson et al. 1975, Walker
and Webber 1979b).

The seacoast is another distinct and interesting
area, with coastal bluffs, driftwood-littered strand
lines, sand beaches, saltwater lagoons and estuar-
ies. Numerous barrier islands occur offshore.

The morphology of the North Slope in general
has been reviewed by H.J. Walker (1973). The
periglacial landforms in the Prudhoe Bay region,
excluding those at the coast, have been described
and mapped at a scale of 1:12,000 by Everett
(1980d). The hydrology of the region has been dis-
cussed by Bilgin (1975), Carlson et al. (1977) and
Updike and Howland (1979).

GEOLOGY

The oil and gas is contained in Sadlerochit sand-
stones at a depth of about 3000-3300 m. Oil has
also been found in the Kuparuk, Sagavanirktok,
Shublik and Lisburne formations (Fig.6). The oil-
bearing formations lie along the Barrow Arch,
which runs parallel to the northern Alaskan coast-
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Figure 6. Generalized stratigraphic profile of the Prudhoe Bay region. (Adapted from BP

Alaska 1971.)

line. The hydrocarbons are trapped in the Prud-
hoe Bay field by truncation of the Sadlerochit for-
mation by Lower Cretaceous shales east of the
Sagavanirktok River and by faults on the north
and southwest sides. The area of closure on the
top of the Sadlerochit formation, forming the
main Prudhoe Bay oil pool, is about 500 km?. De-
tails of the structure of the field and the geologic
history are contained in Rickwood (1970) and
Morgridge and Smith (1972). The Lower Creta-
ceous shales and Upper Cretaceous mudstones,
shales and sandstones above the oil-bearing rocks

have been given informal designations as shown in
Figure 6. The deep conglomerates, mudstones and
sandstones of the Sagavanirktok formation are
products of deposition in a shallow sea that cov-
ered much of northcentral Alaska during the Ter-
tiary period (Morgridge and Smith 1972).

The stratigraphic column is topped by up to 150
m of unconsolidated Quaternary gravel deposits
(BP Alaska, Inc. 1971) termed the Gubik forma-
tion (Smith and Mertie 1930, O’Sullivan 1961,
Black 1964). O’Sullivan described the Quaternary
deposits of the coastal plain and contrasted the



deposits in the Kuparuk-Sagavanirktok region
with those to the west. Much of the Gubik sedi-
ment was formed in a marine environment, but
there is intermixing with fluvial and eolian de-
posits (O’Sullivan 1961, Black 1964). Everett
(1980c) considered the Quaternary deposits in the
Prudhoe Bay region to be reworked Tertiary sedi-
ments of materials derived from the Brooks
Range. Much of the surface is mantled with about
1 m of loess and surface organic deposits (Everett
1980c¢).

The surface geology of the Prudhoe Bay region
has been mapped by Updike and Howland (1979).
The region has not been glaciated. Most of the
surface is dominated by lacustrine silt and gravel
deposits associated with lakes in various phases of
the thaw lake cycle. Large areas are also covered
by fluvial deposits associated with the active and
inactive channels of the Sagavanirktok, Kuparuk
and Putuligayuk rivers. The northeastern portion
of the region has eolian deposits associated with
the Sagavanirktok River dunes. Some areas im-
mediately adjacent to the coast are mantled by the
Flaxman formation, a marine sandy mud contain-
ing some fairly large boulders (Leffingwell 1919,
O’Sullivan 1961). The boulders were apparently
ice-rafted from a Canadian glacial source (Mac-
Carthy 1958, Hopkins et al. 1978, Rodeick 1979).

The history of the sea level in the region for the
past 30,000 years has been presented by Hopkins
(1977) and Sellmann and Brown (1973). During the
last glaciation the sea level retreated north of its
present location. For the Chukchi Sea on the Sew-
ard Peninsula, Hopkins (1977) showed that the sea
level was at -27 m 30,000 years ago, retreated to
about -90 m by 18,000 years ago, and then rose to
near the present level by 5,000 years ago. After the
ocean retreated, permafrost began developing on
the exposed coastal plain surfaces. With the read-
vance of the ocean following the Itkillik glaciation
in the Brooks Range (Hamilton and Porter 1975),
many permafrost areas were covered with water,
and some of these offshore areas today contain
subsea permafrost (Lachenbruch and Marshall
1977, Barnes and Hopkins 1978, Vigdorchik 1978,
1980b). The sea level history prior to the Wiscon-
sin glaciation is much more sketchy. Several au-
thors (Hopkins 1977, O’Sullivan 1961, McCulloch
1967) have recognized terraces in western Alaska
that represent interglacial warm periods that cor-
respond to the history of sea level worldwide.

Coastal erosion rates in the Prudhoe Bay region
are on the order of 1 m per year, which is relatively
low compared to other segments of the Beaufort
coast (Harper 1978, Hopkins and Hartz 1978a, b).

This is due to the sandy beaches along the Prud-
hoe Bay coast, which are more stable than the sil-
ty, peaty bluffs that are common for long stretch-
es of the coastline to the west. O’Sullivan (1961)
and Vigdorchik (1980a) suggested that the lower
erosion rates may also be due to greater tectonic
uplift in the eastern portion of the coastal plain.

Howitt (1971) has discussed onshore permafrost
in the Prudhoe Bay region and some of the related
engineering problems. The depth of permafrost in
the region is about 660 m, the deepest known in
Alaska (Gold and Lachenbruch 1973). Near the
surface the permafrost is particularly ice rich. The
top 3-4 m of permafrost may contain up to 80%
interstitial ice, not counting massive ice associated
with ice wedges (Brown and Sellmann 1973). Ever-
ett (1980d) has mapped the top 2.5 m of perma-
frost along a 170-m-long trench at the Gas Arctic
gas pipeline test facility at Prudhoe Bay. His maps
dramatically show the large amounts of massive
ice wedge and interstitial ice.

CLIMATE

The Prudhoe Bay climate is characterized by
long, cold winters and short, cool summers and
falls. The annual mean temperature is about
-13°C, with the July mean ranging from about
4°C at the coast to about 8 °C at some inland areas
(Table 1). This places the Prudhoe Bay region well
within the arctic climate zone as defined by Kop-
pen (1936).

During the winter the sun is below the horizon
for 49 consecutive days, and the mean monthly
temperatures remain below 0°C from September
through May. The monthly means for January,
February and March are around -30°C, and per-
sistent winds sometimes produce chill factors of
less than -110°C (Gavin 1973). Winter wind data
for 1974-75 for Prudhoe Bay have been summar-
ized by Gamara and Nunes (1976). During that pe-
riod (October to March) wind velocities exceeded
13 km h™' 73% of the time and exceeded 39 km h™!
8% of the time. During November, December,
January, February and April, winds were from the
west or west-southwest 44% of the time. Schwerdt-
feger (1973) explained that at Barter Island the
strong winter westerlies are products of cold, sta-
ble air flowing from the north and piling up
against the barrier of the Brooks Range, resulting
in a west wind parallel to the range. It appears that
this effect extends as far west as Prudhoe Bay.

Winter precipitation is generally light. Clear to
partly cloudy skies are present more than 60% of



Table 1. Summary of available climatic data (temperature, precipitation and wind) for Prudhoe Bay, Alaska

(1970-1978).

a. TEMPERATURE'

Distance from coast

tkmy
Temperature (°C) Thaw Along
Location J F M A M J J A4 N o N D Annual degree-davs Shortest wind vector
Arco 8-yr mean -28.2 -31.5 -29.6 -194 - 59 3.0 6.7 6.0 03 -11.9 -205 -27.5 -13.0
(1970-1978)
West Dock 0.7 0.7
1976 1.7 4.1 4.2 0.3 287
1977 - 1.5 2.6 4.2 1.6 - 3.1 318
Pad F 7.1 7.1
1976 5.4 4.1 1.1
1977 4.0 42 6.2 1.7 -40 491
Arco 6.0 20.8
1976 -30.8 -319 -290 -16.5 - 59 32 6.8 6.6 1.7 -11.4 -16.5 -30.4 -12.8 571
1977 -23.1 -28.0 -319 -19.1 - 55 3.7 5.5 8.2 2.5 -47 -21.4 -234 -11.4 613
1978 -26.0 -246 -165 - 7.6 2.8 84 5.2 26 -129 -148 -233 -10.6* 606
Deadhorse 11.8 26.2
1976 - 1.9 4.3 7.3 5.8 1.4 556
1977 - 1.2 5.7 7.6 9.8 58 -6.0 879
b. PRECIPITATION’®
Unfrozen Snow Total thawed
Duration of precip. water precip.
Date thaw season (mm) (mm) {mm)
1977 31 May-6 Oct 101 165 266
1978 5 Jun-29 Sep 83 95¢ 178
c. WIND
Mean speed (km/hr)
Principal direction(s) (% of winds from this octant)
Location J F M A M J J A N o N D
Pad F*
1974 > 322 16.4 > 230 > 30.2 > 21.8 18.7 14.2
NE-E(45) NE-E(45) NE-E(70) E-SE(73) NE-E(62) SW-W(53) SW-W(58)
W-NW(30) NE-E(24) NE-EQ2D)
1975 > 22.0 > 213 15.5 13.6 > 25.7
SW-W(57) NE-E(42) E-SE(31) W-NW(43) NE-E(68)
NE-E(28) SW-W(41) SW-W(20) E-SE(17)
Gas Arctic site®
1977° 17.5 13.0
NE-E(42) E-SE(51)
1978 15.7 17.2 13.7
NE-E(54) NE-E(39) E-SEQ27)
N-NE(28) N-NE(38)

' Haugen (1979) and Walker et al. (1980).
* January missing.
' Haugen (1979), IBP site (Wyoming snow gauge).
* Gauge bridged over by snow.
* Gamara and Nunes (1976); speed data derived from the following classes:
calm, 1-3, 4-6, 7-10, 11-16, 17-21, > 21 knots, directions derived from 20° interval wind roses.
¢ Everett (1980b); speed data derived from the following classes:
0-1, 1-2, 2-3, 3-4, 4-5, 5-6, 6-7, 7-8, 9-10 m/s, directions derived from 15° interval wind roses.
* Periods of record for 1977 are 28 June-23 July, 24 July-24 August.
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the time (Brower et al. 1977). The clear weather is
due to the dominance of high pressure systems and
the presence of a deep thermal inversion (Conover
1960). The average April snowpack is on the order
of 30-40 cm thick. The snow surface is generally
high-density windpack (to 480 kg m™?),* with up to
20 cm of low-density depth hoar at the base of the
snowpack. The snow surface is rough, with snow
dunes and sastrugi.

In summer the region can be divided into two
fairly distinct climatic areas. The immediate coast-
al area has a climate similar to Barrow’s. Inland
areas have a somewhat modified arctic coastal cli-
matic regime (Dingman et al. 1980). Along the
coast there is more fog, less sunshine, and lower
temperatures than at stations only a few kilom-
eters inland. The very steep temperature gradient
at the Prudhoe Bay coast has been described by
Haugen (1979) and Walker and Webber (1979b).
Within the region temperatures are closely corre-
lated with the distance to the coast measured in the
direction of the primary wind vector, N75°E.
Conover (1960) has described the Arctic Front and
its influence on seasonal temperatures.

On days when high temperatures prevail inland,
a cold sea breeze is often present at the coast
(Moritz 1977). However, during fall (September
and October) the coastal areas are relatively warm
compared to inland areas (Table 1) because of the
moderating influence of the open Beaufort Sea.
Once the ocean freezes (usually in October), the
temperature contrast between the coast and inland
areas is minimal.

Summer winds have been recorded by Gamara
and Nunes (1976) and Everett (1980b). Gamara
and Nunes’ data show a preponderance of winds
from the east and east-northeast for the summer
of 1975; this is normal. Everett’s data show a large
proportion of winds from the south and west in
1977. Temperatures in 1975 were about average,
whereas 1977 was much warmer than normal.
Rogers (1978) explained the summer wind patterns
by contrasting pressure conditions north of Prud-
hoe Bay with those over the East Siberian Sea.
Offshore winds and higher temperatures are asso-
ciated with high barometric pressure northeast of
Alaska and low pressure to the west. Onshore
winds and low temperatures are associated with
the reverse situation. The wind conditions are also
important with respect to sea ice. Heavy summer
ice is correlated with a preponderance of onshore

* Personal communication with K. Everett, The Ohio State
University.
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winds (Rogers 1978). Shapiro and Barry (1978) in-
dicated that the severity of late summer ice condi-
tions can be forecast in early summer on the basis
of accumulated thaw degree-days.

Summer precipitation is frequent, but amounts
are small. Fog and drizzle are the most common
forms of summer moisture. Annual precipitation
for the region has been calculated to be about 160
mm, based on stream runoff records and summer
evaporation rates (Kane and Carlson 1973, Ding-
man et al. 1979).

Further details of the Prudhoe Bay climate are
given by Gavin (1973), Brown et al. (1975) and
Walker (1980). Also see Conover (1960), McKay
et al. (1969), Searby and Hunter (1971), Haugen
(1979, 1980), Moritz (1979), Dingman et al. (1980)
and Haugen and Brown (1980) for information re-
garding North Slope climate and microclimate.
The synoptic weather patterns for the Beaufort
Sea region have been described and analyzed by
Moritz (1979).

SOILS

The soils of the Prudhoe Bay region are de-
scribed in detail by Everett and Parkinson (Everett
1975, 1980e, Everett and Parkinson 1977, Parkin-
son 1978). The soil names are based on the taxo-
nomic methods of the U.S. Department of Agri-
culture Soil Conservation Service (Soil Survey
Staff 1975). Soil nutrient regimes of the Prudhoe
Bay soils are described by Douglas and Bilgin
(1975) and Bilgin (1975).

Of the ten soil orders occurring in the United
States, four are represented in the Prudhoe region.
These are the Entisols, Mollisols, Inceptisols and
Histosols (Table 2).

The order Entisols includes mineral soils that
show little or no soil development and are com-
mon on unstable sites such as sand dunes and ac-
tive alluvial flood plains. Within the region, Per-
gelic Cryopsamments and Pergelic Cryorthents
are representative Entisols. The first occurs in
dune areas, and the second occurs as recent allu-
vial material along the Sagavanirktok and Kupa-
ruk rivers.

Mollisols are dark, base-rich soils commonly as-
sociated with the grasslands of the Great Plains.
In arctic regions Mollisols form on well-drained
alkaline sites as a result of the oxidation of
mineral-rich peat (Everett and Parkinson 1977).
Two Mollisols occur in the Prudhoe Bay region,
Pergelic Cryoborolls and Pergelic Cryaquolls.



Table 2. Soils of the Prudhoe Bay region, Alaska.

Approximate Approximate
Taxonomic Mapping Identifying field Tedrow Canadian Typical
name* code* characteristics equivalent U equivalent** microsite
Mollisols
Pergelic Cryoboroll 1 A cold more or less freely Rendzina Brunisolic Static Cryosol Pingos, well-drained hum-

Pergelic Cryaquoll

Pergelic-Ruptic-
Aqueptic Cryaquoll

Inceptisols
Pergelic Cryaquept

Histic Pergelic
Cryaquept

Histosols

Pergelic Cryosaprist

Pergelic Cryohemist

Pergelic Cryofibrist

Entisols
Pergelic Cryorthent

Pergelic Cryopsamment

3(1)
41

33)

3(2)

42

drained soil, underlain by
permafrost, with a dark,
humus-rich, granular-
textured surface horizon

= 18 cm thick; free carbon-
ates throughout.

A cold, dark-colored, wet
soil, prominantly mottled in
the lower part of the humus-
rich, weakly granular surface
horizon.

The cold soil of frost scar
areas in which a Cryaquoll
soil (above) is intimately as-
sociated with and interrupted
by a cold, wet, gray-colored
and mottled mineral soil
lacking any significant or-
ganic surface horizon, i.e. a
Pergelic Cryaquept.

A cold, wet, gray and mot-
tled mineral soil with no or
only a shallow (< 25 cm
thick) organic surface hori-
zon.

A cold, wet, gray mineral
soil, commonly mottled,
having a surface horizon
> 25 cm thick, composed
of predominantly organic
(peaty) material.

A cold, wet, dark-colored
soil composed of completely
decomposed organic material
to depths > 40 cm.

A cold, wet, dark-colored
soil composed of moderately
decomposed organic mate-
rial to depths > 40 cm.

A cold, wet, reddish-yellow-
ish soil composed of little

decomposed fibrous organic
material to depths > 40 cm.

A cold, somewhat freely
drained, gravelly soil, lack-
ing significant horizon de-
velopment and generally free
of organic material.

A cold, dark grayish brown
more or less freely drained,
sandy soil, lacking signifi-
cant horizon development
and generally free of organic
material.

Upland Tundra

Upland Tundra
and Meadow
Tundra

Meadow Tundra

Wet Meadow
Tundra or Half
Bog

Bog

Bog

Bog

Alluvial

Regosol

(subhumid to semiarid soil
climate at family level).

Brunisolic Static Cryosol
(aquic soil climate at family
level).

Brunisolic Turbic Cryosol
(aquic soil climate at family
level).

Gleysolic Static Cryosol

Terric Organic Cryosols (in-
cludes Terric Humic Organic
Cryosol, and Terric Mesic
Organic Cryosol).

Humic Organic Cryosol

Mesic Organic Cryosol

Fibric Organic Cryosol

Regosolic Static Cryosol
(fragmental particle size at
family level).

Regosolic Static Cryosol
(sandy particle size at fami-
ly level).

mocky terrain, high-centered
polygons, ridges.

Less well-drained high-
centered polygons, reticulate-
patterned terrain.

Frost scar terrain

Wet sites with little accumu-
lation of organic materials;
wide variety of sites, includ-
ing frost scars, flood plains,
drained lake basins.

Wet to very wet sites with
moderate accumulation of
organic materials; wide vari-
ety of wet microsites. Many
otherwise organic soils that
have been diluted with loess
materials are classified here.

Moist sites with deep organ-
ic materials (e.g. polygon
rims, some polygon centers,
strangmoor hummocks).

Wet sites with deep organic
materials (e.g. wet low-
centered polygon centersand
troughs). The most common
organic soil of the region.

Very wet sites with deep
organic materials (e.g. wet
low-centered polygon cen-
ters, partially drained lake
basins).

River alluvium.

Sand dunes.

* Everett (1980e) after Soil Survey Staff (1975).

t Tedrow (1977).

** Canada Soil Survey Committee (1978).
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Cryoborolls occur only on the best-drained sites,
such as pingos and some areas of old high-cen-
tered polygons. Everett (1980e) considers the
Cryoboroll to be the zonal soil for the region. It is
the base-rich analog of the Arctic Brown soil (Per-
gelic Cryumbrepts/Pergelic Cryochrepts) de-
scribed by Drew and Tedrow (1957) in the Barrow
area. Pergelic Cryaquolls occur in somewhat less
well drained sites, such as interfluves with slightly
convex polygons. In many instances Cryaquoll
profiles are highly contorted due to frost stirring,
which may or may not be expressed at the surface
in the form of frost scars. Such soils are termed
Pergelic Ruptic Aqueptic Cryaquolls (Everett and
Parkinson 1977).

Inceptisols are mineral soils with altered hori-
zons that have lost the bases, iron or aluminum
but retain other weatherable minerals (Soil Survey
Staff 1975). At Prudhoe Bay these soils are com-
mon in poorly drained sites. The main Inceptisols
are Pergelic Cryaquepts, which cover broad areas
of the region. They are characterized by a surface
peaty layer that may vary in its state of decompo-
sition. If the peaty layer exceeds 25 c¢cm, the term
Histic, which implies a thick organic surface hori-
zon, is added to the name. Histic Pergelic Crya-
quepts are probably the most common soil in the
region.

Histosols are deep organic soils where more
than half of the upper 80 cm consists of organic
matter. At Prudhoe Bay these soils are difficult to
distinguish from Histic Pergelic Cryaquepts, since
they often require an examination of materials be-
low the permafrost table. Three Histosols are rec-
ognized in the Prudhoe Bay region. They are dis-
tinguished by the degree of decomposition of the
organic materials. Pergelic Cryofibrists are the
least decomposed, with coarse, fibrous peat that is
easily identified as to botanic origin. Pergelic Cry-
ohemists are composed of coarse but mostly uni-
dentifiable plant remains, and Pergelic Cryosap-
rists are almost completely decomposed, with bulk
densities exceeding 0.2 g cm™ (Soil Survey Staff
1975). These three Histosols, in combination with
Histic Pergelic Cryaquepts, are the primary soils
occurring in most low-centered polygon complex-
es and marshy areas. Parkinson (1978) discussed
the soils in relation to the major landforms, and
Everett (1980¢) discussed their relation to the thaw
lake cycle and the evolution of the coastal plain
landscape.

Parkinson (1978) discussed some of the prob-
lems that the regional and coastal plain soils in
general represent to the soil taxonomist. Three
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problems are of particular importance at Prudhoe
Bay: 1) how to describe soils in patterned ground
complexes where the sizes of polygonal features
exceed 10 m?, which is the current maximum size
of a pedon according to the USDA methods; 2)
how to deal with the permafrost table when taxo-
nomic criteria often require the examination of
materials at depths of up to 80 cm (the depth of
the active layer at Prudhoe Bay rarely exceeds 45
cm); and 3) how to deal with mineral dilution by
loess materials in soils that are obviously organic
in terms of the volume of organic materials but
fail to qualify as organic soils on the basis of
weight, the criterion currently used in the taxo-
nomic system. While recognizing the difficulties
of the taxonomic system, Everett has classified
and mapped the soils of Prudhoe Bay (Everett
1980¢), Barrow (Brown et al. 1980b) and Atka-
sook (Everett 1979) according to the USDA frame-
work.

Another widely used approach to soil classifica-
tion in the Alaskan Arctic is that of Tedrow (Ted-
row et al. 1958, Tedrow and Cantlon 1958, Brown
1966, Rickart and Tedrow 1967, Tedrow 1977). In
Tedrow’s Tundra Zone, which covers all the
coastal plain of northern Alaska, he recognizes
three major groups of soils: Arctic Brown, Tun-
dra, and Bog soils. The Arctic Brown soil is char-
acteristic of well-drained sites. The Cryoboroll soil
occurring on dry sites at Prudhoe Bay corresponds
tothe Rendzina soil described from carbonate-rich
areas in the Brooks Range (Ugolini and Tedrow
1963). Tundra soils are mineral gley soils topped
by an organic mat. Two phases are recognized,
Upland Tundra soil and Meadow Tundra soil. The
Upland Tundra soil corresponds approximately to
the Pergelic Cryaquoll soil at Prudhoe Bay. The
Meadow Tundra soil is approximately equivalent
to the Pergelic Cryaquepts and Histic Pergelic
Cryaquepts. Tedrow’s Bog soil corresponds to the
Histosols (Pergelic Cryosaprists, Pergelic Cryo-
hemists and Pergelic Cryofibrists), and his Half
Bog soil corresponds approximately to the Histic
Pergelic Cryaquept.

The problems inherent in arctic soil classifica-
tion and nomenclature are difficult to resolve, es-
pecially in view of other national systems (e.g. the
Canadian [Canada Soil Survey Committee 1978]
and Soviet [Ivanova 1956] systems). Tedrow (1977)
discussed these problems, along with his own pro-
posal for a classification system applicable to all
polar regions. Table 2 presents the approximate
equivalents of the Prudhoe Bay soils in the Cana-
dian and Tedrow systems.



WILDLIFE

The fauna of the region reflects the coastal loca-
tion in that there are large numbers of shorebirds,
waterfowl and caribou. These animals are concen-
trated near the coast partly because many species
find their food in the nearby marine environment
and partly because the lower summer tempera-
tures near the coast offer relief from the madden-
ing swarms of mosquitoes found inland. The mam-
malian fauna of the Prudhoe Bay region is consid-
erably different from that of the other well-known
Alaskan arctic coastal site at Barrow. Caribou
(Rangifer tarandus granti) and arctic ground
squirrels (Spermophilus parryi) are common at
Prudhoe Bay, and brown lemmings (Lemmus si-
bericus) are apparently rare. At Barrow the situa-
tion is reversed; caribou and ground squirrels are
infrequent due to hunting pressure from the Bar-
row village, and the brown lemming is the only
common grazer. Bee and Hall (1956) listed 29 spe-
cies of terrestrial mammals occurring on the Arc-
tic Slope. Fourteen of these have been recorded
within the Prudhoe Bay region and another five
could occur.

Caribou

Prudhoe Bay lies on the boundary between the
summer ranges of the Porcupine caribou herd to
the east and the Arctic herd to the west (Skoog
1968). Both of these herds are now smaller than
normal due to a major population decline in the
mid-1970s (Gavin 1980). Most of the animals cur-
rently visiting the Prudhoe Bay area are thought to
be part of a subpopulation that Cameron and
Whitten (1979) have designated the Central Arctic
herd. This herd is estimated to include about 5000
animals, and it is confined to the area between the
Canning and Colville rivers. In years when the
Arctic herd is large (for example, over 240,000
animals were reported in the late 1960s), many of
these animals have apparently passed through the
Prudhoe Bay region (Gavin 1980). There is also a
small herd of about 300 caribou that are year-
round residents on the northern coastal plain be-
tween the Sagavanirktok and Kuparuk rivers
(Child 1973, 1974).

Insect harassment is responsible for much of the
caribou movement during the summer. White et
al. (1975) mapped the main routes of movement
due to this response. They also studied the food
preferences of the Prudhoe Bay caribou in relation
to the early Prudhoe Bay vegetation map units of
Webber and Walker (1975). The most commonly
used vegetation types were those that had the high-
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est percentages of sedges, grasses and willows. The
sand dunes and coastal areas are very important to
the caribou because the lower temperatures and
onshore breezes dampen mosquito activity. Cari-
bou often seek higher, relatively windy points such
as pingos and roadways to escape the insects. Very
wet sites, although high in potential nutrient avail-
ability, are not favored by caribou, possibly be-
cause of high insect levels in these areas. The fa-
vorite grazing areas are upland sites with gram-
inoid tundra; riparian sites, particularly those with
dwarf willows; and sand dune areas with prostrate
willows (White et al. 1975).

Oil-field operations and construction activities
have had an influence on caribou distribution and
group composition. Studies by Cameron et al.
(1979) show that caribou, particularly cows and
calves, avoid the Prudhoe Bay oil field and the
corridor of the trans-Alaska pipeline. In an earlier
study, Child (1973, 1975) demonstrated that cari-
bou avoid crossing a simulated pipeline barrier.
The proliferation of roads, gathering lines and
major pipelines on the Arctic Coastal Plain pose
serious barriers to the continued heavy use of the
region by caribou.

Foxes, lemmings and ground squirrels

Underwood (1975) and Hanson and Eberhardt
(1978, 1979) studied the arctic fox (Alopex lago-
pus) in the region. The foxes range freely over the
entire area, feeding on lemmings, birds and eggs.
The dens are restricted to well-drained sites such
as pingos, ridges and dry riverbanks. Hanson and
Eberhardt (1979) suggested that the presence of
man may dampen the cyclic population densities
of foxes in the Prudhoe Bay region. Normally fox
populations follow the cyclic patterns of the lem-
ming. At Barrow the brown lemming population
usually peaks every four to five years (Pitelka
1957, 1973), but similar cycles have not been de-
tected at Prudhoe Bay. Gavin (1974) reported a
lemming population high at Prudhoe Bay in 1969.
Small fluctuations in the collared lemming (Di-
crostonyx groenlandicus) population have been
noted (Hanson and Eberhardt 1979), but these
have little effect on fox densities. Garbage from
the oil-field camps is thought to have a major ef-
fect on the fox, since the animals can rely on this
food source in times of scarce prey (Hanson and
Eberhardt 1979).

Arctic ground squirrels and collared lemmings,
like the foxes, favor dry sites for their dens. Squir-
rel dens are common in sand dunes, river bluffs
and pingos. The diet of the squirrels consists most-
ly of the shoots, rhizomes and bulbs of numerous



plants found in stabilized dune areas, riverbanks
and pingos. Collared lemming burrows occur in
drier tundra areas, such as on ridges, uplands and
high-centered polygon complexes. Sedge nests of
these animals are frequent in snowbank areas.
Feist (1975) studied the Prudhoe Bay lemmings
and found that the collared lemming is much more
common than the brown lemming. Brown lem-
mings occur mainly in wet sites along the coast
and along some streams. It appears that the ani-
mals are commonly associated with vegetation that
has a large component of Dupontia fisheri.

Other mammals

There have been sightings of grizzly bears (Ur-
sus horribilis) and wolves (Canis lupus) within the
oilfield (Gavin 1974, 1980), although neither of
these animals is common. Polar bears (Thalarctus
maritimus) have also been sighted (Gavin 1980).
One apparently denned in the area in 1978, but
this is unusual. They mainly restrict their activities
to the ice pack and occasionally visit the offshore
islands. Gavin (1980) has also reported seeing
moose (Alces alces), red foxes (Vulpes fulva) and
least weasels (Mustela rixosa). Bee and Hall (1956)
also reported the tundra hare (Lepus othus) from
the delta of the Kuparuk River. They also found
tracks of mink (Mustela vison) and river otters
(Lutra canadensis) in the Kuparuk delta. Other
taxa that may occur include the coyote (Canis la-
trans), two species of shrew (Sorex cinereus and S.
arcticus), two voles (Clethrionomys rutilus and
Microtus oeconomus) and possibly the lynx (Lynx
canadensis). Recent research conducted under the
IBP Tundra Biome Program and the RATE pro-
gram (Research in Arctic Tundra Environments)
has added much information regarding Arctic
Slope caribou (White and Trudell 1980), micro-
tines (Batzli et al. 1980, Batzli and Jung 1980) and
arctic ground squirrels (Batzli and Sobaski 1980).

Birds

The birds of the region have been more inten-
sively studied than the mammals. The most note-
worthy reports are by Gavin (1974, 1980), Norton
et al. (1975), Bergman et al. (1977), Bergman and
Derksen (1977) and Hanson and Eberhardt (1977,
1979). Bergman et al. (1977) recorded 72 taxa dur-
ing five summers at Storkersen Point. Twenty-five
of these were breeding. A few kilometers inland,
Norton et al. (1975) found 34 taxa nesting or sus-
pected of nesting. Of these, 30 were water-related
birds, that is, loons, waterfowl, shorebirds or
gulls. The absence of shrub habitats at the coast
restricts the number of terrestrial species. Shrub
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communities and habitat diversity increase inland,
and ptarmigan and other birds associated with
shrubs are more common (Kessel and Cade 1958).
Shorebirds (plovers, sandpipers and phalaropes)
are the most common nesters in the region. Of
these the semipalmated sandpiper (Calidris pusil-
la) is by far the most common (Norton et al. 1975,
Hanson and Eberhardt 1979). Other common
nesting taxa include the red phalarope (Phalarop-
us fulicarius), dunlin (Calidris alpina), pectoral
sandpiper (Calidris melanotos), northern phala-
rope (Phalaropus lobatus), buff-breasted sand-
piper (Tyngites subruficollis) and Lapland long-
spur (Calcarius lapponicus). The Lapland long-
spur is one of only two passerines nesting in the re-
gion, the other being the snow bunting (Plectro-
Dphenax nivalis).

Hanson and Eberhardt (1979) reported nesting
densities for semipalmated sandpipers and Lap-
land longspurs of 113 and 24 nests km™, respec-
tively, with 146 nests km™ for all species com-
bined. Comparable data from the Colville River
delta show 74 nests km™ for all species, and at
Franklin Bluffs there were only 25 nests km™
(Hanson and Eberhardt 1979). J.P. Myers* stud-
ied densities of nesting shorebirds in relation to
the vegetation map units in the Prudhoe Bay atlas
(Walker et al. 1980). His study indicates that the
lowest shorebird densities are associated with frost
scar tundra (90 birds km™2), and the highest densi-
ties are found in areas with mixed ponds and poly-
gons, that is, areas with combinations of emergent
vegetation, scattered polygon rims, islands and
strangmoor features. These areas have up to 570
birds km™. The very high nesting densities ob-
served at Prudhoe Bay should be considered in
any early summer, off-road activities. Norton
(1972) showed that even air-cushioned vehicles
could have severe effects on nesting birds.

The waterfowl and loons in the region include
the white-fronted goose (Anser albifrons), pintail
(Anas acuta), oldsquaw (Clangula hyemalis), king
eider (Somateria spectabilis), arctic loon (Gavia
arctica), red-throated loon (G. stellata), Canada
goose (Branta canadensis), black brant (B. nigri-
cans) and whistling swan (QOlor columbianus).
Predator species include jaegers (Stercorarius po-
marimus, S. parasiticus, and S. longicaudus),
glaucous gulls (Larus hyperboreus barrovianus)
and snowy owls (Nyctea scandiaca). Willow and
rock ptarmigan (Lagopus lagopus alascensis and

* Personal communication, Academy of Natural Science and
Vertebrate Biology, Philadelphia, Pennsylvania, 1977.



L. mutus nelsoni) are conspicuous in the region
during the spring breeding season and in the fall,
but like many of the regional birds they remain
hidden in the tundra through most of the summer.
The densities of the larger waterfowl and preda-
tors are much lower than for the shorebirds, about
one nest km™ for all species (Gavin 1973).

Bergman et al. (1977) developed a wetlands clas-
sification scheme for the coastal tundra near Stor-
kersen Point and reported waterbird use in their
various classification units. They also recom-
mended several methods for protecting the arctic
coastal wetlands in areas of oil-field development.
Disturbances due to oil-field activities, such as
noise, dust, blocked drainages during snowmelt,
and oil spills, can cause major problems for water-
fowl. The proliferation of powerlines poses an-
other problem. The lines are the only obstacles on
the open tundra for flocks of low-flying migrating
birds. Bergman et al. (1977) emphasized that large
tracts of coastal tundra should be set aside and
protected from all activities to maintain the in-
tegrity of the unique breeding areas of the coastal
region.

The recent interest in offshore drilling opera-
tions has sparked several bird population studies
as part of the Outer Continental Shelf Environ-
mental Assessment Program (e.g. Divoky 1978).
Of particular relevance to Prudhoe Bay are the
studies by Connors et al. (1979), which focused on
the seasonal changes in habitat utilization by
shorebirds and the relative susceptibility of the
common species to oil spills and disturbances in
the littoral zone.

The birds of Alaska’s North Slope have been
discussed in more general terms by Bailey (1948),
Kessel and Cade (1958), Kessel and Schaller (1960),
Pitelka (1974) and Sage (1974).

OIL-FIELD FACILITIES

Prudhoe Bay is a unique frontier metropolis.
The two nearest native villages are Nuigsut, 110
km west in the Colville River delta, and Kaktovik,
130 km east on Barter Island (Fig. 1). The nearest
city is Fairbanks, about 600 km south. From the
air the oil field appears as a sprawling array of
small communities interconnected by a network of
roads (Fig. 3). Most of the communities are, in
fact, quarters and facilities for the various con-
tractors and oil-field operators; others are part of
the field operation and include pumping stations,
drill sites, power generation facilities, gas com-
pressor plants, airfields and docks. Many of what
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appear from the air to be roads are collections of
pipelines that connect the drill sites to processing
plants and ultimately to Pump Station No. | at the
northern end of the trans-Alaska pipeline. The
metropolis is thus totally organized around oil
production, and there are virtually no community
service facilities as in most municipalities, al-
though some are being constructed.

Transportation to the region is provided via
road, air and sea. The 650-km pipeline haul road
connects the region with Fairbanks. Two airports
capable of handling jet airliners are located at the
state-operated airfield at Deadhorse and the Arco-
owned Prudhoe Bay Airstrip. There are also two
dock areas for offloading the barge convoys that
converge there in late summer.

The oil field has grown rapidly. Twelve years
ago there were only a few isolated exploratory
wells and a small landing strip next to the Saga-
vanirktok River. Now the gravel road network is
over 250 km long, and there are nearly as many
kilometers of pipeline corridors within the region
(see Brown and Walker [1980] for a history of the
oil-field development). There are 33 drill sites, and
each site has from 6 to 18 wells. The total area in-
fluenced by the oil field, not counting the Kuparuk
Field operations, is about 250 km?. The total size
of the main oil pool is estimated to extend over 75
km along the coast and about 30 km inland, cover-
ing an area of about 650 km2. The total estimated
reserves are 10 billion barrels of oil and 20 trillion
cubic feet of gas (Larminie 1976). The current an-
nual production of about 1.5 million barrels is
17% of the total United States production (U.S.
Army Corps of Engineers 1980).

ENVIRONMENTAL IMPACTS

The environmental impacts associated with the
Prudhoe Bay oil field are difficult to enumerate,
especially because of their magnitude and because
the area was wilderness a few years ago. There
have been numerous large studies of the impacts
of present and future oil development in northern
Alaska (e.g. Canadian Department of Indian Af-
fairs and Northern Development 1973, Canadian
Arctic Gas Study Ltd./Alaskan Arctic Gas Study
Co. 1973, 1974, Canadian Environment Protec-
tion Board 1974, U.S. National Oceanic and At-
mospheric Administration 1979, U.S. Department
of Interior 1979, U.S. Army Corps of Engineers
1980). These studies touched on most aspects of
impact, including wildlife; air, water and noise
pollution; effects of off-road vehicles; sanitation



and waste disposal; erosion problems; conflicts
with native land claims; degradation of fish habi-
tat; archeological site degradation; social impacts;
cumulative impacts; and aesthetics.

The effects on vegetation alone are numerous.

Those that have been identified are caused by

1. Air pollution (Richardson 1974).

2. Roadside dust pollution (Webber et al. 1978,
Everett 1980b, Werbe 1980).

3. Terrestrial oil spills (McCown et al. 1973,
Hutchinson et al. 1974, Deneke et al. 1975,
Hutchinson and Freedman 1975, McFadden
et al. 1977, Walker et al. 1978).

4. Off-road vehicles (Burt 1970a, b, Abele et al.
1972, 1978, Radforth 1972, 1973a, b, Adam
1973, 1974, Barrett 1975, Adam and Hernan-
dez 1977, Walker et al. 1977).

5. Saltwater spills associated with the Water-
flood Project (U.S. Army Corps of Engi-
neers 1980, Simmons et al. 1983).

6. Flooding associated with road construction
(Walker and Webber 1980, U.S. Army Corps
of Engineers 1980) and thermokarst (Lawson
and Brown 1978).

Andreev (1976) has reviewed the numerous an-
thropogenic effects on tundra vegetation. Impact
specifically related to oil development was dis-
cussed by Klein (1969), Bliss and Wein (1972),
Babb (1973), Bliss and Peterson (1973), Babb and
Bliss (1974), How and Hernandez (1975) and Law-
son et al. (1978). Brown and Berg (1980) discussed
some of the problems related to gravel road con-
struction in permafrost terrain. Shafer (1979)
discussed a method of using color IR photography
to monitor vegetation impact around drill pads.

The Prudhoe Bay vegetation is particularly sen-

sitive to impact for three principal reasons. First,
it is in an extremely wet environment. The wet
soils are easily compressed and displaced, result-
ing in ponding and the consequent major change
in plant habitat. The extensive networks of vehicle
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tracks visible from the air in many places on the
North Slope attest to this (Hok 1969). Also, the
distribution of water on the tundra can be easily
changed by road and pad construction, which
dams the natural runoff of water in some areas
and creates excessive and erosive flows in other
areas. Ponded water, because it acts as a black
body for heat, causes the permafrost table to de-
grade, resulting in thermokarst and the gradual
enlargement of the flooded area, similar to the
processes involved in thaw-lake formation.

Second, Prudhoe Bay’s harsh climate affects a
number of limiting physiological factors for the
plants. The short growing season and low
amounts of total summer warmth limit plant pro-
duction. Many species found just a few kilometers
south of Prudhoe Bay cannot grow in the extreme
coastal environment. Very few woody plants are
present. This means that many pioneering species
(e.g. willows) are not available for recolonizing or
are not particularly effective. Also, the amount of
recovery that can occur in any single growing sea-
son is limited. This is evident along several aban-
doned peat roads in the region. These roads were
abandoned in 1968 after the gravel road network
was constructed. Near the coast the roads show
virtually no recovery, with only a few scattered
plants on the barren peat surface. Farther south
the roads show much more recovery.

Third, many of the areas that contain some of
the rarest and most beautiful plant communities
are the same areas that attract activities associated
with oil-field development. For example, pingos
and vegetated river bars are the most vegetational-
ly diverse areas within the region. Pingos, the only
elevated spots in an otherwise flat landscape, are
used as survey points, as high points for antennas,
and for other activities. The rivers are necessary
sources of gravel for roads and pads. Thus, both
pingos and streams are subject to extensive man-
caused degradation.



CHAPTER 3. MICROSCALE GRADIENTS

From high altitudes the tundra of the Arctic
Coastal Plain appears as a vast, brown, barren
land dissected by numerous meandering streams
and braided rivers and covered with thousands of
lakes and ponds. The narrow margins of the rivers
and lakes are faintly green in midsummer, and the
crests of the few hills appear slightly more barren
than the surrounding terrain; other than that, it is
difficult to see much evidence of changes in the
vegetation along environmental gradients. Even
when driving along the road that parallels the
trans-Alaska pipeline, one is struck by the conti-
nuity of this flat region, and the differences in veg-
etation mostly go unnoticed. It is only when walk-
ing across the tundra that the different types of
vegetation become apparent. Most of the changes
that are detectable during a brief walk are due to
differences in the amount of water available to the
plants. With more time on the tundra, one can de-
tect predictable patterns in response to other envi-
ronmental gradients, such as snow, wind, frost-
churning in the soil, and nitrification by animals.
But still, many important gradients are undetecta-
ble by casual observation. A more detailed analy-
sis becomes necessary to document the patterns
that should be present in the Arctic as they are in
other regions of the Earth.

PLANT COMMUNITIES ALONG THE
MAJOR MICROSCALE GRADIENTS

The vegetation types in the region have been de-
scribed briefly in the geobotanical atlas (Walker
and Webber 1980). Table 3 is a list of the 42 types
that have been recognized. Tables with vegetation
and environmental data summaries for all stand
types are in Appendix C. The methods used to col-
lect these data are described later in this chapter.
The nomenclature used for the vegetation units
has been modified from that in the Geobotanical
Atlas of the Prudhoe Bay Region, Alaska (Walker
et al. 1980) to conform with the system of hier-
archical tundra classification used for the Beechey
Point Quadrangle (Walker 1983, Walker and Ace-
vedo, in prep.).
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Soil moisture gradient

Most of the microscale patterns discussed here
are associated with the mosaics of patterned
ground that dominate the tundra of the coastal
plain. The soil moisture gradient plays a particu-
larly important role in these patterns. With water
at or near the surface all summer, the small differ-
ences in elevation associated with ice wedge poly-
gons profoundly affect the vegetation. The strong
interrelationships between vegetation, soils and
landforms are well established in the Alaskan Arc-
tic (Wiggins 1951, Koranda 1954, Tedrow et al.
1958, Cantlon 1961, Britton 1967, Peterson and
Billings 1980). Cantlon emphasized that the degree
of wetness controls the character of arctic vegeta-
tion to an even greater extent than in temperate re-
gions. Wet conditions are generally pervasive due
to the presence of permafrost. Elevation differ-
ences of a few centimeters can produce relatively
mesic microenvironments that contrast sharply
with the wetter microsites. The elevation differ-
ences can be geomorphic in origin, resulting from
ice wedge polygon formation, or they may be due
purely to the vegetation itself, as in the growth of
moss polsters.

A generalized catena that shows the typical veg-
etation stand types and soil types occurring from
the driest sites to the wettest sites will aid in under-
standing microrelief-vegetation relationships. Fig-
ure 7 depicts a moisture gradient in an alkaline
tundra region from a small ridge about 2 m high to
a lake margin. Vegetation in acidic areas will be
discussed more thoroughly in the next chapter.

Dry tundra

Dry sites normally have mineral soils. The best-
developed soils are Pergelic Cryoborolls. These
soils have thick, well-developed mollic epipedons
with free carbonates in the A horizon (Everett
1980¢). Pergelic Cryopsamments may occur in dry
sandy sites along the major rivers and on stabilized
dunes.

The vegetation is usually either Stand Type Bl
or B2. Dry Dryas integrifolia, Carex rupestris,
Oxytropis nigrescens, Lecanora epibryon dwarf
shrub, crustose lichen tundra (Stand Type B1, Fig.
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Figure 7. Moisture catena with typical vegetation and soils. The soil type depends on several factors, including age, depth of peat ac-
cumulation, and state of decomposition. Moist to very wet soils with shallow peat accumulation (less than 25 cm) are Pergelic Cryaquepts.
Soils with more than 50% organic matter by weight in the top 80 cm are Histosols (Cryofibrists, Cryohemists, Cryosaprists). Soils with more
than 25 cm of organic epipedon but less than required for Histosols are Histic Pergelic Cryaquepts.
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Table 3. Vegetation stand types in the Prudhoe Bay region.

The botanical nomenclature follows Murray and Murray (1978).

Stand Characteristic Sample
type Community microsite plot no.*
B—Dry sites

Blt Dry Dryas integrifolia, Carex rupestris, Oxytropis
nigrescens, Lecanora epibryon dwarf shrub, crustose
lichen tundra

B2t Dry Dryas integrifolia, Saxifraga oppositifolia, Lecanora
epibryon dwarf shrub, crustose lichen tundra

B3t Dry Saxifraga oppositifolia, Juncus biglumis forb barren

B4t Dry Epilobium latifolium, Artemisia arctica forb barren

BSt Dry Dryas integrifolia, Salix ovalifolia, Artemisia
borealis dwarf shrub, forb barren

B6t Dry Dryas integrifolia, Astragalus alpinus dwarf
shrub, forb tundra

B7t Dry Braya purpurascens, Anemone parviflora, Arcta-
grostis latifolia forb, grass tundra

B8 Dry Cochlearia officinalis, Puccinellia phryganodes forb,
grass barren

B9 Dry Elymus arenarius, Dupontia fisheri grass barren

B10O Dry Braya purpurascens, Puccinellia andersonii forb,

grass barren

BI1 Dry Dryas integrifolia, Sedum rosea prostrate shrub,
forb tundra

B12 Dry Salix rotundifolia, Salix planifolia ssp. pulchra,
Ochrolechia frigida dwarf shrub, crustose lichen
tundra

BI13 Dry Salix ovalifolia, Artemisia borealis dwarf shrub,
forb tundra

Bl4t Dry Dryas integrifolia, Salix reticulata, Cetraria richard-
sonii dwarf shrub, fruticose lichen tundra

B15 Moist Salix rotundifolia, Carex aquatilis, Dicranum
elongatum, Ochrolechia frigida dwarf shrub, crustose
lichen tundra

U—Moist sites
Ult Moist Carex aquatilis, Dryas integrifolia, Ochrolechia
frigida sedge, dwarf shrub, fruticose lichen tundra

U2t Moist Eriophorum vaginatum, Dryas integrifolia,
Tomenthypnum nitens, Thamnolia subuliformis tussock
sedge, dwarf shrub tundra

U3t Moist Eriophorum angustifolium, Dryas integrifolia,
Tomenthypnum nitens, Thamnolia subuliformis sedge,
dwarf shrub tundra

U4t Moist Carex aquatilis, Dryas integrifolia, Salix arctica,
Tomenthypnum nitens sedge, dwarf shrub tundra

U6t Dry Dryas integrifolia, Cassiope tetragona, Cetraria
nivalis dwarf shrub, fruticose lichen tundra

U7t Moist Salix rotundifolia, Equisetum scirpoides dwarf
shrub tundra

Pingos, ridges, high polygon
centers, often gravelly soils

Similar to Stand Type B1, but
more organic soil with cryo-
turbation

Frost scars

River gravel bars

Sandy river terraces, stabilized

Riverbanks

Slumping river bluffs

Coastal beaches

Active sand dunes, sandy
creek banks

Coastal bluffs with salt-killed
vegetation

Dry coastal bluffs and ridges

Coastal high polygon centers

Stabilized sand dunes

Dry, early-thawing snowbanks
with hummocky terrain

Coastal polygon rims and high
polygon centers

Polygon rims and aligned
hummocks in acidic tundra
region

Well-drained upland sites

Well-drained upland sites,
polygon rims, aligned hum-
mocks

Moister upland sites, centers
of drier low polygon centers,
polygon rims, aligned hum-

mocks

Well-drained snowbanks

Late-thawing snowbanks

010B, 1411, 1520, 1001

010A, 1401, 1505, 1412,
1513

0801, 1491, 1506
1105, species list from
Little Putuligayuk
River

1207

1507

1104

1312

1201

1301

Species list from vicin-
ity of mouth of
Putuligayuk River

1305

1208, 1202, 1106
Species list from pingo

near Pad F
1313

1405, 1406, 1410, 1415

0203

020B, 1403, 1406, 1409,
1504, 1510, 1515

030B, 0303,030A,1512,
1514, 1519

0901, 1416, 1509

0902, 1417

* Italicized plot numbers are 1- x 10-m ordination plots; the remainder are 1- x 1-m plots.
T Occurs on at least one of the four master maps (Walker et al. 1980).
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Table 3 (cont’d). Vegetation stand types in the Prudhoe Bay region.

Stand Characteristic Sample
type Community microsite plot no.*
U8t Moist Salix lanata, Carex aquatilis dwarf shrub, sedge Streambanks, lake margins 1103
tundra
U9t Moist Dryas integrifolia, Eriophorum angustifolium, Upland streambanks that are 1102
Tomenthypnum nitens, Didymodon asperifolius dwarf swept by the spring flood
shrub, sedge, moss tundra
U100t  Moist Festuca baffinensis, Papaver macounii, Ranuncu- Pingo tops, bird mounds and 1002, 1418, 1502, 1422
lus pedatifidus forb, grass tundra animal dens
uUl12 Moist Carex aquatilis, Salix planifolia ssp. pulchra, Mesic coastal meadows 1303, 1311
Campylium stellatum sedge, dwarf shrub tundra
uUl13 Moist Dupontia fisheri, Cochlearia officinalis grass, forb  Coastal meadows below high- 1309
tundra est strand line
Ul4 Moist Carex aquatilis, Dryas integrifolia sedge, dwarf Polygon rims in sand dune 1210
shrub tundra region
M—Wet sites
M1t Wet Carex aquatilis, Carex rariflora, Saxifraga foliolosa Wet microsites in acidic 1420, 1414, 1404, 1407
sedge, forb tundra tundra areas primarily associated
with aligned hummocks
M2+t Wet Carex aquatilis, Drepanocladus brevifolius sedge Wet polygon centers and 040B, 1503,1511, 1516,
tundra troughs, lake margins 1501, 040A, 1308, 1304
M3t Wet Carex aquatilis, Dupontia fisheri, Calliergon Wet polygon centers and mea- 1203, 1205
richardsonii sedge tundra dows in sand dune region and
along Kuparuk River
M4t Wet Carex aquatilis, Scorpodium scorpioides sedge Low, wet sites, polygon cen- 050A, 050B, 1517
tundra ters, drained lakes, lake mar-
gins
M5t Wet Carex aquatilis, Salix rotundifolia sedge, dwarf Moist streambanks 1101, 1508
shrub tundra
M6 Wet Juncus arcticus, Salix ovalifolia rush, dwarf shrub Wet, sandy river bars Species list from Sag-
tundra avanirktok R. delta
M7 Wet Equisetum arvense, Alopecurus alpinus horsetail, Wet, sandy sites along rivers 1107
grass tundra
M8 Wet Dupontia fisheri, Carex aquatilis, Campylium Wet polygon troughs in 1306
stellatum graminoid, moss tundra coastal vicinity
M9 Wet Carex subspathacea, Puccinellia phryganodes Coastal estuaries and lagoons 1302, 1318
sedge tundra
MI10 Wet Carex aquatilis, Dupontia fisheri, Eriophorum Coastal wet polygon centers 1310
angustifolium graminoid tundra and meadows
M1l Wet Carex aquatilis, Dupontia fisheri, Salix ovalifolia Wet areas in sand dune region 1209

graminoid, dwarf shrub tundra

E—Emergent sites

Elt
E2%
E3t

Eat

Aquatic Carex aquatilis sedge tundra
Aquatic Arctophila fulva grass tundra

Aquatic Scorpidium scorpioides moss tundra

Aquatic Dupontia fisheri, Carex aquatilis graminoid
tundra

W—Open water

Wit
W2t
W3t

None
None

Varies

Water to about 30 cm
Water to about 100 cm

Water to about 100 cm in
sand dunes region

Shallow water in sand dunes

Lakes and ponds
Streams and rivers

Flooded areas caused by roads
or pads

1402, 1408, 1413,1518
060B, 0604, 1307
1206

Species list from dunes
area
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Table 3 (cont’d).

Stand Type of Characteristic Sample
type disturbance microsite plot no.*
D—Disturbed sites

D1t Bare earth with pioneering species, e.g. Braya pur-

purascens, Ceratodon purpureus, Bryum spp., Marchan-

tia polymorpha
D2t Foreign gravel or construction debris
D3t Dust-covered areas adjacent to roads
D4+t Vehicle tracks, deeply rutted
D5t Vehicle tracks, not deeply rutted
D6+t Winter road
D7+ Excavated areas, primarily in river gravels

W3+t Flooded areas caused by roads or pads

* Italicized plot numbers are I-x 10-m ordination plots; the remainder are 1- x I-m plots.
T Occurs on at least one of the four master maps (Walker et al. 1980).

Figure 8. Stand Type BI. Dry Dryas integrifolia, Carex rupestris, Oxytropis
nigrescens, Lecanora epibryon dwarf shrub, crustose lichen tundra on a pingo near the
Kuparuk River.

8) consists of a discontinuous mat of Dryas inte-
grifolia and a few cushion plants such as Oxytro-
pis nigrescens and Saxifraga oppositifolia. Sedges
are scattered and are mainly Carex rupestris. Erect
dicotyledons include Draba alpina, Chrysanthe-
mum integrifolia, Papaver lapponicum, Les-
querella arctica, Pedicularis lanata and P.
capitata. A high percentage of the soil is unvege-
tated or is vegetated with crustose lichens, includ-
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ing Lecanora epibryon, Ochrolechia frigida and
Pertusaria spp. Often there is a fine pattern of
small nonsorted polygons about 20-50 cm in di-
ameter. These are apparently caused by a com-
bination of frost activity and desiccation. The de-
pressions between these small polygons are gener-
ally 5-15 cm deep and contain a much richer as-
sortment of mosses and lichens than the tops.
Taxa in the depressions include Thamnolia subuli-



Figure 9. Stand Type B2. Dry Dryas integrifolia, Saxifraga oppositifolia, Lecanora
epibryon dwarf shrub, crustose lichen tundra on the margin of a drained lake.

formis, Cetraria cucullata, C. islandica, Peltigera
canina, Bryum spp., Encalypta alpina, E. procera
and Drepanocladus uncinatus.

Dry Dryas integrifolia, Saxifraga oppositifolia,
Lecanora epibryon dwarf shrub, crustose lichen
tundra (Stand Type B2, Fig. 9) occurs on slightly
moister sites that often have more evidence of
frost stirring. Typical sites for Type B2 include
high-centered polygons and the margins of drained
lake basins and creek bluffs. Saxifraga oppositi-
Jolia, Salix reticulata and S. arctica are usually
more abundant than in Stand Type B1, and Carex
rupestris and Oxytropis nigrescens are less likely
to occur here than in Type Bl.

Moist tundra

Mesic upland sites generally have moist gramin-
oid tundra with either Stand Type U3 (moist Erio-
phorum angustifolium, Dryas integrifolia, To-
menthypnum nitens, Thamnolia subuliformis
sedge, dwarf shrub tundra, Fig. 10 and 11) or U4
(moist Carex aquatilis, Dryas integrifolia, Salix
arctica, Tomenthypnum nitens sedge, dwarf shrub
tundra). The primary difference between these
two types is the relative abundance of lichens.
Type U4 is wetter and has few or no fruticose li-
chens (e.g. Thamnolia subuliformis, Dactylina
arctica, Cetraria cucullata, C. islandica). Both
types are dominated by sedges (e.g. Eriophorum
angustifolium ssp. triste, Carex aquatilis, C. bigel-
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owii, C. membranacea, C. misandra and C. atro-
fusca) and Dryas integrifolia. Dwarf willows (Sa-
lix arctica, S. reticulata, S. lanata) are also impor-
tant, particularly in Stand Type U4. The principal
erect dicots are Chrysanthemum integrifolia, Sen-
ecio atropurpureus ssp. frigidus, Pedicularis lan-
ata, P. capitata, Polygonum viviparum and Papa-
ver macounii. The moss carpet is dominated by
Tomenthypnum nitens, Ditrichum flexicaule, Dis-
tichium capillaceum, Hypnum bambergeri, Or-
thothecium chryseum and Drepanocladus brevi-
folius. Some upland sites, particularly in the west-
ern part of the area, have large components of Eri-
ophorum vaginatum but are otherwise similar to
Stand Type U3. This vegetation is designated
Stand Type U2.

Moist tundra areas normally are drained of
standing water soon after spring breakup, and
they offer firm footing throughout the summer.
Typical moist graminoid microsites include poly-
gon rims, the tops of poorly developed high-cen-
tered polygons, strangs in areas of strangmoor,
and well-drained terrain along streams and the
lower gentle slopes of pingos. Stand Type U4 of-
ten occurs in the better drained parts of recently
drained lake basins that have no patterned ground
features. In these sites the sedge carpet is often
quite dense and there are few or no lichens.

Soils in the moist tundra areas are normally
either Pergelic Cryaquolls in the better drained



Figure 10. Stand Type U3. Moist Eriophorum angustifolium, Dryas integrifolia,
Tomenthypnum nitens, Thamnolia subuliformis sedge, dwarf shrub tundra.

Figure 11. Close-up of Stand Type U3, showing lichens.

areas or Pergelic Cryosaprists in areas with thick
organic layers. In moist tundra areas where the or-
ganic layer is shallow, such as recently drained
lake basins or streambanks, the soils are Pergelic
Cryaquepts or Histic Pergelic Cryaquepts. Per-
gelic Cryaquolls normally show distinct red mot-
tles of iron oxide above a certain level in the A
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horizon; these probably represent the mean level
of seasonal oxidation (Everett 1980e).

Frost scars are common features on upland sur-
faces. Vegetation on these features is often Stand
Type B3, which will be discussed in more detail
later. Soils in the frost scars are usually olive-grey
soils (Pergelic Cryaquepts) and the association



Figure 12. Stand Type M2. Wet Carex aquatilis, Drepanocladus brevifolius sedge
tundra in the basin of low-centered polygon.

with the Pergelic Cryaquolls in the inter-frost-scar
areas has been termed a Pergelic Ruptic Aqueptic
Cryaquoll (Everett 1980e).

Wet tundra

Wet sedge tundra is associated with poorly
drained areas that usually have standing water ear-
ly in the summer but that drain later in the year ex-
cept during rainy periods. The soils are saturated
at all times.

The most common community is wet Carex
aquatilis, Drepanocladus brevifolius sedge tundra
(Stand Type M2, Fig. 12). This vegetation is com-
posed mostly of sedges. Carex aquatilis is the most
common, but others, such as Eriophorum russe-
olum, Carex rotundata and especially Eriophorum
angustifolium ssp. subarcticum, are also common.
Dwarf willows, such as Salix lanata and S. arctica,
are occasional. There are only a few erect dicotyle-
dons found in these areas. The most common is
Pedicularis sudetica ssp. albolabiata, but others
include Saxifraga hirculus, Silene wahlbergella
and Cardamine pratensis. The moss carpet is
dominated by Drepanocladus lycopodioides var.
brevifolius and other members of the Amblyste-
giaceae, such as Scorpidium scorpioides, Drepan-
ocladus spp. and Calliergon richardsonii. Other
common mosses include Cinclidium latifolium, C.
arcticum, Meesia triquetra, Distichium capilla-
ceum, Catascopium nigritum and Campylium
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stellatum. The mosses are often covered by a layer
of calcium carbonate precipitates. Lichens are
usually absent. Large thalli of the alga Nostoc
commune are cOMmMmONn.

The most common soils are either Pergelic Cry-
ohemists or Histic Pergelic Cryaquepts. The or-
ganic matter of these soils is somewhat less decom-
posed than the Cryosaprists or Histic Pergelic
Cryaquepts on more well-drained sites. There are
recognizable plant parts, such as roots and leaves,
in the peat (Everett 1980e). Areas with shallow or-
ganic layers have Pergelic Cryaquepts. Typical mi-
crosites include the basins and troughs of low-cen-
tered polygons, the margins of ponds, lakes and
streams, and the intermittently wet areas of
drained lake basins.

Aquatic tundra

Semi-emergent and emergent communities are
found in areas that are normally continuously cov-
ered with water throughout the summer. Wet Car-
ex aquatilis, Scorpidium scorpioides sedge tundra
(Stand Type M4, Fig. 13) occurs in areas that have
shallow water (less than 10 cm deep). This is con-
sidered a transitional type between wet sedge tun-
dra and aquatic tundra vegetation. A thick carpet
of the moss Scorpidium scorpioides distinguishes
this type. The primary sedge is Carex aquatilis,
but C. saxatilis, C. rotundata and Eriophorum an-
gustifolium are also common. The only common



Figure 13. Stand Type M4. Wet Carex aquatilis, Scorpidium scorpioides sedge
tundra in a drained lake basin.

Figure 14. Stand Type El. Aquatic Carex aquatilis sedge tundra on the edge of a
small lake.
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dicotyledon is Pedicularis sudetica ssp. albola-
biata. Lichens are absent. The alga Nostoc is
abundant, and in some areas it is the dominant
plant. Some Type M4 areas may be drained in
abnormally dry years.

Sites with deeper water or a denser sedge cover
usually do not have any moss vegetation. These
areas often have aquatic Carex aquatilis sedge tun-
dra (Stand Type El, Fig. 14). Other taxa include
Eriophorum scheuchzeri, Caltha palustris and
Utricularia vulgaris. Type E1 areas normally oc-
cur in the shallow margins of lakes, especially par-
tially drained lake basins with complex terrains of

ponds and intermittent polygon rims, islands, and
strangmoor features. The water is normally less
than 30 cm deep. The soils in these very wet tundra
sites show virtually no signs of decomposition. If
the undecomposed horizon is sufficient for the soil
to be a Histosol (more than 50% organic matter
by weight in the top 80 cm), the soil is termed a
Cryofibrist. Soils with less organic matter are gen-
erally Histic Pergelic Cryaquepts (Everett 1980¢).

Many lakes and ponds have a distinctive band
of vegetation composed almost exclusively of the
grass Arctophila fulva (Stand Type E2, Fig. 15).
This plant grows in up to one meter of water and is

Figure 15. Stand Type E2. Aquatic Arctophila fulva grass tundra in the center of

a small oriented thaw lake.
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Figure 16. Idealized section of Prudhoe Bay tundra showing various types of polygons. Typical vegetation and microre-

lief are shown for each element of the polygons. Refer to Table 2 for an explanation of the soil codes.
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especially common in partially drained lake
basins. It is not so common in large oriented lakes
that do not have protected embayments. It is also
not common in those ponds and lakes with a thick
layer of marl on the bottom. In some areas, espe-
cially in beaded streams, the emergent vegetation
includes other taxa, such as Caltha palustris, Hip-
puris vulgaris, Utricularia vulgaris, and occasion-
ally Sparganium hyperboreum and Calliergon gi-
ganteum.

Relationships between soil moisture gradient
and patterned ground features.

Patterned ground creates a mosaic of vegetation
communities that can be extremely confusing until
one recognizes that in most cases there is a repeti-
tious pattern of only a few main stand types. This
is not unlike the situation in temperate regions, ex-
cept that the scale of variation is smaller. In net-
works of polygons there are relatively elevated
sites associated with polygon rims, strangs and
high polygon centers, and relatively low sites asso-
ciated with polygon basins, troughs and interhum-
mock areas.

The plant community is, to a large extent, con-
trolled by the amount of soil moisture that the site
can retain. Since most tundra plants have shallow
root systems, the moisture in the surface layer is
most important. In some cases a wet, anaerobic
soil can underlie vegetation composed of taxa nor-
mally associated with drier microsites. This situa-
tion is more common with highly organic soils and
is particularly common farther south, where the
accumulation of mosses and lichens, especially
Sphagnum and Cladonia, is sufficient to create
drier habitats. In the Prudhoe Bay region, crypto-
gam accumulations are generally not thick; the
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deepest living moss carpets are about 10 cm deep
and are normally about 3-7 cm deep. However,
moss hummocks initiated by such taxa as mem-
bers of the Splachnaceae, Bryum spp., Cato-
scopium nigritum and Aulacomnium palustre can
create relatively mesic sites. Sometimes these small
hummocks, particularly those of the Splach-
naceae, form around caribou feces or dead lem-
mings. The slow accumulation of dead sedge
leaves and roots, dead mosses and other organic
debris, in combination with the annual input of
loess, gradually creates a somewhat elevated sur-
face suitable for more mesophytic taxa.

Figure 16 depicts an idealized section of Prud-
hoe Bay tundra, showing a variety of polygons
that could occur next to a small stream. Ice wedges
underlie the surface. Near the stream, thermal ero-
sion has caused deeper polygon troughs and rela-
tively well drained high-centered polygons. Soils
on the tops of these polygons are Pergelic Crya-
quolls. Vegetation on the high centers is Type B2
(dry Dryas integrifolia, Saxifraga oppositifolia,
Lecanora epibryon dwarf shrub, crustose lichen
tundra). The troughs of these polygons are moist-
er than the tops, with well-decomposed Histic Per-
gelic Cryaquepts and Stand Type U3 vegetation
(moist Eriophorum angustifolium, Dryas integri-
folia, Tomenthypnum nitens, Thamnolia subuli-
Sformis sedge, dwarf shrub tundra).

Areas farther from the stream (Fig. 16, second
and third polygons from the left) have somewhat
less well developed high-centered polygons, with
less than 0.5 m of relief contrast. These surfaces
are moderately well drained, with Pergelic Crya-
quoll soils and Type U3 vegetation.

Still farther from the stream (Fig. 16, fourth
polygon from the left) low-centered polygons oc-
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cur with only slightly depressed basins. These

basins have numerous small hummocks (less than

15 cm high) that give the basin a mesic character.

The soil in the polygon basin is a Pergelic Cryo-

saprist. The vegetation in the basin is Type U4
(moist Carex aquatilis, Dryas integrifolia, Salix
arctica, Tomenthypnum nitens sedge, dwarf shrub
tundra). The rims of the polygon are somewhat
better drained, with Pergelic Cryaquolls and Type
U3 vegetation. The most noticeable difference be-
tween the vegetation on the rim and that in the
center of this polygon is the abundance of fruti-
cose lichens on the rim and their scarcity in the
basin.

The next polygon (Fig. 16, second from the right)
is less well drained. The soil in the basin is a satu-
rated Pergelic Cryohemist, and the vegetation is
Type M2 (wet Carex aquatilis, Drepanocladus bre-
vifolius sedge tundra). The troughs have less or-
ganic matter accumulation and are Histic Pergelic
Cryaquepts. The rims are relatively well drained,
with Pergelic Cryosaprist soils and Type U3 vege-
tation.

The last polygon is very poorly drained and is
associated with a wet drained lake basin or a small
lake. There is standing water in the polygon basin
and troughs. The soil in the basin is a Pergelic
Cryofibrist and the vegetation is Type M4 (wet
Carex aquatilis, Scorpidium scorpioides sedge
tundra). The rim is poorly developed, with Per-
gelic Cryofibrist soil and Type U4 vegetation.

Snow depth gradient

Snowbanks are not particularly common in the
region because of the flatness of the terrain, but
they do occur around the bases of pingos, along
the coastal bluffs, and in all the drainage systems.
Snowbanks on stable slopes often have three dis-
tinct bands of vegetation.

The uppermost band of vegetation, dry Dryas
integrifolia, Salix reticulata, Cetraria richardsonii
dwarf shrub, fruticose lichen tundra (Stand Type
B14, Fig. 17), is the least distinct and often grades
imperceptibly into Types B1, B2 or U3 at the top
of the snow area. This could be considered the li-
chen band, since there is usually an abundant cov-
er of such taxa as Cetraria nivalis, C. islandica, C.
cucullata, C. richardsonii, Alectoria nigricans, A.
ochroleuca, Cornicularia divergens and Stereo-
caulon spp. Vascular taxa include Dryas integri-
folia, Salix reticulata, Pedicularis capitata, Pa-
paver macounii and Astragalus umbellatus. The
main mosses are Tomenthypnum nitens, Rhytidi-
um rugosum, Drepanocladus uncinatus, Ditri-
chum flexicaule and Thuidium abietinum.

The central band, dry Dryas integrifolia, Cassi-
ope tetragona, Cetraria nivalis dwarf shrub, fruti-
cose lichen tundra (Stand Type U6, Fig. 18), is the
easiest to recognize because of the abundance of
Cassiope tetragona. The moss and lichen cover is
similar to that in Stand Type B14. Other impor-
tant vascular taxa include Salix rotundifolia, S. re-
ticulata, Pedicularis capitata, Carex scirpoidea,

Figure 17. Snowbank site along a channel of the K uparuk River: The vegetatign
in the foreground is mainly Type Bl4, Dry Dryas integrifolia, Salix reticulata, Cetraria
richardsonii dwarf shrub, fruticose lichen tundra.



Figure 18. Stand Type U6. Dry Dryas integrifolia, Cassi-
ope tetragona, Cetraria nivalis dwarf shrub, fruticose li-
chen tundra in the snowbank on the west side of a pingo
near Frontier Camp.

Polygonum viviparum, Chrysanthemum integri-
folium, Lloydia serotina, Silene acaulis and Papa-
ver macounii. This band usually occurs in portions
of the snowbank that are steep and very hum-
mocky and have well-drained soils. Snow depths
were never measured in these areas, but it is likely
that some of these sites have over 2 m of snow in
early spring.

The lowest band, moist Salix rotundifolia,
Equisetum scirpoides dwarf shrub tundra (Stand
Type U7), occurs in the deepest portions of the
snow patch, which melt out last. Often these are
gently sloping areas, but the community can also
occur on fairly steep portions of snowbanks. Salix
rotundifolia forms a tight carpet in these areas.
Other taxa include Carex aquatilis, Eriophorum
angustifolium ssp. triste, Salix reticulata, Senecio
atropurpureus, Equisetum variegatum, E. scir-
poides, Distichium capillaceum, Ditrichum flexi-
caule and Pohlia spp. In stream areas this com-
munity grades into Type MS, which is the Carex
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Figure 19. Stand Type B3. Dry Saxifraga oppositifolia,

Juncus biglumis forb barren on a frost scar near the Putuli-

gayuk River.

aquatilis-dominated wet streamside type (Table 3).
Communities in the lower parts of snowbanks are
complex; they are often indistinct, grading into
the surrounding moist sedge tundra. Solifluction
is often prevalent near the bases of slopes, and
pioneering taxa such as Equisetum arvense and
Arctagrostis latifolia are common.

Cryoturbation gradient

Frost scars are common features on most up-
land surfaces and in many wet areas. The vegeta-
tion cover on these features varies from 0 to
100%. The most distinctive frost scar com-
munities occur where there is only a small amount
of vegetation cover. Dry Saxifraga oppositifolia,
Juncus biglumis forb barren (Stand Type B3, Fig.
19) occurs on these features and is very distinctive
in spring when the Saxifraga blooms. Usually
frost scars are slightly higher than the general sur-
face of the tundra, and the bare soils are subject to
Jesiccation and cracking in dry weather. Most



Figure 20. Bird mound near Drill Site 2.

taxa are from the dry end of the moisture gra-
dient, including Dryas integrifolia, Minuartia arc-
tica, M. rubella, Chrysanthemum integrifolia, Eri-
ophorum angustifolium ssp. triste, Distichium
capillaceum, Bryum wrightii, Encalypta spp., Le-
canora epibryon and Thamnolia spp.

Other types of frost features include turf hum-
mocks and solifluction features. These are rela-
tively minor in the Prudhoe Bay region and were
not sampled.

Animal activity gradient

Numerous vegetation features in the region are
due to the presence of animals. These include
small features, such as moss hummocks that form
around owl cough pellets, caribou feces, lemming
carcasses and other small pieces of animal litter,
and larger features, such as bird mounds and the
lush growth around ground squirrel and fox dens.
The luxuriant grasses and dicotyledons associated
with animal dens and bird mounds are a response
to more fertile mineral soils due to animal excreta
and debris from Kkills.

Bird mounds (Fig. 20) are a common feature in
the region. They reach heights of 30-100 cm above
the general level of the terrain. They are most
often formed at the intersections of low-centered
polygon rims or other sites where there is a slightly
higher vantage point from which a bird can ob-
serve the surrounding terrain. Glaucous gulls,
snowy owls and jaegers commonly use these sites.
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Typical vascular plant species include Festuca baf-
finensis, F. rubra, Arctagrostis latifolia, Dryas in-
tegrifolia, Alopecurus alpinus, Astragalus umbel-
latus, Senecio atropurpureus and Poa spp. The
principal mosses include Thuidium abietinum,
Drepanocladus uncinatus, Rhytidium rugosum,
Hypnum procerrimum and Tortula ruralis. The li-
chens are similar to those found in Type U3 areas.

Foxes and ground squirrels prefer mineral soils
on pingos, river bluffs and dunes. The vegetation
surrounding their dens (Fig. 21) is among the rich-
est in the region and includes, in addition to the
taxa mentioned above, Polemonium boreale, Ran-
unculus pedatifidus, Poa alpigena, P. glauca, P.
pratensis, Bromus pumpellianus, Draba spp., Sax-
ifraga caespitosa, S. tricuspidata, Androsace sep-
tentrionalis, Oxytropis maydelliana, Potentilla
uniflora, P. hookeriana, P. hyparctica, Taraxa-
cum ceratophorum and T. phymatocarpum. The
rich vegetation on bird mounds and animal dens
has been designated Stand Type U10.

Other microscale gradients

There are a variety of other gradients that are
included here. Sampling along these gradients was
not sufficient to treat them with the depth they de-
serve, so the discussion is quite general.

Coastal areas
The coastal beaches at Prudhoe Bay are mostly
sandy and are often strewn with peat blocks erod-




Figure 21. Stand Type Ul0. Moist Festuca baffinensis, Papaver macounii, Ranun-
culus pedatifidus forb, grass tundra. This is an exceptionally rich site associated with
fox and ground squirrel dens on a pingo near Frontier Camp.

Figure 22. Coastal bluffs. Sandy beaches and low coastal banks with slumping peat
mats are common in the vicinity of the West Dock.

ed from coastal bluffs (Fig. 22). The most exposed
beaches are unvegetated. More stable sands con-
tain open communities of Puccinellia phrygan-
odes, P. andersonii, Stellaria humifusa and
Cochlearia officinalis (Stand Type B8, Fig. 23).
Offshore islands and some beaches have fine
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gravel where one can find communities composed
almost exclusively of Mertensia maritima and
Honckenya peploides.

Areas between the beaches and the upper strand
line are frequently inundated with saltwater. Quiet
lagoons and estuarine sites have a reddish-brown



Figure 23. Stand Type B8. Dry Cochlearia officinalis,
Puccinellia phryganodes forb, grass barren on a beach near
West Dock. Note the peat blocks that have been washed
onto the beach in the background.

mat of vegetation composed mostly 