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ABSTRACT

Pingos are dry, ice-cored mounds
found in the Arctic. They are relatively
common on the Alaskan Arctic Coastal
Plain, which is a flat, wet landscape with
minimal relief. Pingos are among the
few well-drained features in this land-
scape. This study examined the regional
pingo floraand vegetation with regard to
environmental gradients, equilibrium
biogeography, and successional patterns.
The pingo flora is found to be related
primarily to northern circumpolar and
Asian floras. The vegetation is found to
be related to alpine vegetation of Alaska
and Canada, to steppe tundras of Siberia,
and to northern circumpolar vegetation.
Primary controlling environmental gra-
dients are temperature for vascular plants
and soil chemistry for cryptogams.

Unique elements occurondry, south-
facing slopes, habitats not found else-
where in this region. Some of these
steppe elements have nonequilibrium
species-area relations, suggesting they
are remnants of an earlier, more exten-

sive vegetation, and are speculated to be
Unique elements occuron dry, south-

facing slopes, habitats not found else-
where in this region. Some of these
steppe elements have nonequilibrium
species-area relations, suggesting they
are remnants of an earlier, more exten-
sive vegetation, and are speculated to be
remnants of the ‘steppe tundras’ thought
to have covered much of Alaska during
the Pleistocene glaciations.

Vegetation succession was consid-
ered in relation to four morphological
classes of pingos, proposed as represent-

ing a time sequence. The system is
driven by geomorphic processes. The
among-pingo floristic variation increases
along the sequence through the first three
classes and decreases in the fourth class.
The decrease in floristic variation in the
final class is thought to be controlled by
the gentle slopes. Variation is minimal
on north slopes and best developed on
south slopes in all morphological stages.
This pattern may be due to dominance of
allogenic over autogenic controls on the
cold sites, as well as to a decreased pool
of colonizers for these sites. South slopes
are the warmest sites regionally, and
support many species that are regionally
limited to these sites. Thus, contrasting
north and south slopes of pingos repre-
sent the equivalent of a latitudinal shift.

Pingos are excellent sites on which
to study basic ecological questions be-
cause of theirrelatively manageable size,
their consistent shapes and substrates,
and their great number on the Coastal
Plain, which permits repeatable experi-

ments at the landscalae level. Conserva-
Pingos are excellent sites on which

to study basic ecological questions be-
cause of theirrelatively manageable size,
their consistent shapes and substrates,
and their great number on the Coastal
Plain, which permits repeatable experi-
ments at the lJandscape level. Conserva-
tion of these sites is critical to preserving
the total floristic and landscape diversity
of the Arctic Coastal Plain. This com-
prehensive analysis of pingo ecologyisa
framework for this conservation.
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CHAPTERI

INTRODUCTION

We had paddled and floated most of the day, which at this latitude was 24 hours
long, but the wind from the north had made our progress very slow. Ourarms
and backs ached from paddling and poling the heavily loaded canvas folboats,
which frequently had to be pulled off shoals and gravel bars.... During the
afternoon as I surveyed the landscape to the north from the river bank, I noticed
a dome-like structure on the horizon but couldn't really believe there was
anything that high out there.... It was nearly 2 A.M. and the tundra was still
brilliantly lit by the arctic sun when we rounded a bank of the meandering
Toolik River, and picked out our camp site on the terrace bank six feet above
the river. I jumped onto the bank and there not more than 600 yards away was
alarge conical mound that looked to me like one of the pyramids of Egypt. It
rose at least 100 feet above the tundra and had a base of 1000 feet, which made
it almost like a mountain on the flat, prairie-like landscape. It was a pingo.

[Koranda 1970, pg. 18]

J.J. Koranda’s first encounter with a
pingo demonstrates the intrigue with
which people first view pingos, and il-
lustrates the personal fascinationthat led
to this dissertation. The word ‘pingo’
was borrowed from the Inuit language
by Porsild (1938) to represent a specific
type of ice-cored mound found in arctic
regions. Early explorers along the Alas-
kan and Canadian coasts noted and de-
scribed these features (Richardson 1851;
Schrader 1904; Leffingwell 1919).

Pingos are described by Mackay
(1979) as “...ice-cored hills which are
typically conical in shape and can grow
and persist only in permafrost.” They

mav _reach as high as 50 m and obtain a
ngos are described by Mackay

(1979) as “...ice-cored hills which are
typically conical in shape and can grow
and persist only in permafrost.” They
may reach as high as 50 m and obtain a
diameter over 1 km (Embleton and King
1968; Walker et al. 1985), although in
the area studied most are less than 10 m
high. Pingos are genetically separated
from other types of mounds by the pres-
ence of an ice core, which canrange from
ice-rich sediment to nearly pure ice
(Mackay 1979; Pissart 1983).

Objectives

The primary objective of this work is
to characterize the vegetation and asso-
ciated soils of the pingos of a region
within the central Arctic Coastal Plain of
Alaska (Fig. 1). Thisis approached with
five goals: (1) classifying the vegetation
in a form that can be related to other
vegetation assemblages, (2) relating en-
vironmental gradients to the pingo vege-
tation, (3) determining the floristic af-
finities of the pingo flora and comparing
this with the regional flora, (4) determin-
ing if the number of species on pingos
represents an equilibrium constrained

b{g}ingo size (area), and (5) characteriz-
I1Iniacs 01 e pugo 11ord alid COLlpai g

this with the regional flora, (4) determin-
ing if the number of species on pingos
represents an equilibrivm constrained
by pingo size (area), and (5) characteriz-
ing the successional sequences on these
pingos.

There are several reasons why the
pingosare of ecological interest. Koranda
(1970) appears to be the first to mention
that pingos would be excellent sites for
plant ecological studies. He noted that
pingo vegetation is particularly diverse
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Figure I. Location of the study on the Alaskan Arctic Coastal Plain. The shaded area
represents the approximate boundary of the study region. Physiographic provinces

are according to Wahrhaftig (1965).

due to the variety of distinct habitats,
which are related to differences in slope,
aspect, effects of wind, disturbance by
animals, and deposition of snow. Perring
(1959, p. 447) envisioned the ideal
situation in which to study soils and
vegetation of any biome as:

...Two or more isolated hemispherical
hills....made of the same parent materi-
als similarly oriented, undisturbed by
buming or ploughing and grazed at the
same intensity...isolated so that no dis-
turbing local climate would upset the
picture, and with strata horizontal so
Hills....made oI the’same par¢iht materi-
als similarly oriented, undisturbed by
buming or ploughing and grazed at the
same intensity...isolated so that no dis-
turbing local climate would upset the
picture, and with strata horizontal so
that drainage would be similar on all
aspects. If soil development had com-
menced about the same time...the soil
and vegetation should be comparable in
both areas. In practice hemispherical
hills are not very frequent and in the
field it is necessary to use samples
from scattered sites in an attempt to
synthesize the ideal. [emphasis my
own]

The northern Alaska pingos repre-
sent a condition close to this ideal, with
similar parent material, topography, and
climate. They are essentially small eco-
systems. Few studies have directly ex-
amined the ecological effects of slope
and aspect in the Arctic (Ritchie 1984),
as relatively few situations exist where
this can be easily considered, although
directional patterns have been reported,
for example, by Polunin (1948) and
Webber (1971).

A compelling reason to study the
ecology of these particular pingos at this
Hiretolar panerhe Wa bE TR PASEHLL,
for example, by Polunin (1948) and
Webber (1971).

A compelling reason to study the
ecology of these particular pingos at this
time is that most have been impacted to
some degree by the oil development in
the Prudhoe Bay and Kuparuk regions
that is now expanding across much of
northeastern Alaska. Because the areais
primarily a wetland, the management
focus has been primarily on maintaining
the wetland integrity and functional val-
ues, with essentially no attention to the
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Figure2. Pingo no.5 (Prudhoe Mound) with radio tower on top. This pingo is within
the Prudhoe Bay oil field, and most pingos within the oil field have been affected by

the development to some degree.

dryenvironments of pingos. Atleastone
pingo has been destroyed completely by
construction activities (Walker et al.
1986), and others have had their entire
vegetation cover removed. Most within
the oil field are littered with surveyors’
trash and have obvious vehicle tracks on
at least one slope. Several pingos are
regularly used as sites for radio towers

(Fig. 2).

Questions and Predictions
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regularly used as sites for radio towers

(Fig. 2).
Questions and Predictions

The central question of this study
was, “Are there unique elements of the
pingo vegetation, and if so, what are
they, and why do they exist?” Pingo
vegetation has never been fully described.
Koranda (1970), Koranda and Evans
(1975), Walkeret al. (1985), and Everett
(1983a,b) have stated that pingos are
unique features in this landscape. The

work of Mackay (1979) in the
Tuktoyaktuk Peninsula, NW.T., Can-
ada, has demonstrated the opportunities
for understanding periglacial geomor-
phic processes through the study of pin-
gos. To date, however, no one has illus-
trated just what it is about the vegetation
and ecology of pingos that makes them
so interesting. This general question is
too broad to be approached with a single
prediction, so a series of three secondary
questions have also been asked:

(1) “Are there rare species or com-
i Moy wn perpen T aan aiwaan
so interesting. This general question is
too broad to be approached with a single
prediction, so a series of three secondary
questions have also been asked:

(1) “Are there rare species or com-

munities present on the pingos, and

if so, what are their elements?”

(2) “Do the pingos function as bio-

geographic islands?” and

(3) “Is there a successional vegeta-

tion sequence on the pingos that is

related to their age and geomorphic
development?”



Question 1: Rare Elements

During the last full glacial', the Alas-
kan vegetation was much different than
today, and large expanses of grass-
dominated tundra (steppe-tundra) may
have been present (Hopkins et al. 1982).
Many authors have hypothesized that if
there were such environments then they
should be present today in areas with
appropriate habitat, i.e., in isolated refu-
gia. The Brooks Range, river bluffs in
interior Alaska, and scattered sites in
Siberia have been demonstrated to have
steppe-like plant assemblages that may
represent relicts of this type (Yurtsev
1982; Murray et al. 1983; Cooper 1989).
Some of the pingos may be very old
stable sites that were present during this
full glacial period (Rawlinson 1984a;
Walker et al. 1985). If so, they may
support relicts of this steppe vegetation.
The pingos are essentially the only well-
drained sites on the coastal plain. It has
been presumed that steppe elements are
missing from this area due to a lack of
habitat, but the dry pingo slopes could
potentially support steppe assemblages.
Rarity here is defined as not being pres-
ent regionally, except at these sites, al-
though the species orcommunity may be
abundant elsewhere.

Question 2:; Pingos as Islands

abundant elsewhere.
Question 2: Pingos as Islands

Both Koranda (1970) and Walker
(1985a) stated that the Arctic Coastal
Plain pingos are island-like. Walker and
Acevedo’s (1987) Landsat classification
of the Beechey Point quadrangle shows

"Hopkins’ (1982) Duvanny Yar, approxi-
mately 12 to 30 ka; there were no glaciers
within the region of this study at any time
during the Pleistocene.

that 53% of the terrestrial portion of the
map is cither standing water or wet tun-
dra, while only 39% is moist or dry
tundra. They were not able to separate
moist and dry tundra, but the dry area is
estimated to be a very small percentage
of this 39%. At Prudhoe Bay, which
includes some of the wetter portions of
the Beechey Point Quadrangle, less than
1% is dry tundra (Walker 1985a). The
pingos are conspicuous, dry, high points
within this landscape, and between the
pingos there are only scattered areas that
are also dry and could serve as source
areas for dispersal of plants to the pin-
gos. Dry sites other than pingos are river
bluffs and the tops of high-centered poly-
gons. Thus, the pingos are certainly
island-like. They are isolated dry areas
surrounded by much wetter habitat, much
of it standing or open water, and in this
sense they are one of the better terrestrial
analogs of oceanicislands. Itis hypothe-
sized that because pingos are isolated
dry sites they will have species-area re-
lationships similar to islands.

Question 3: Successional Sequence

This question is approached with
three specific hypotheses. The first is
that because the pingos are in equivalent
substrates, the environmental gradients
ondifferent pingos will be the same, and

there will therefore be a change over
tnat Decause e pINgos are 1n equivalent

substrates, the environmental gradients
on different pingos will be the same, and
there will therefore be a change over
time toward a characteristic pingo flora.
If this is true, then the floras of oldest
pingos will be more similar than floras of
younger pingos. This would not mean
that a steady state had necessarily been
reached, but that within the given time
scale there is a point at which the vege-
tation remains stable for some long pe-
riod of time.

The second hypothesis is that spe-
cies composition on the youngest sites is
less dependent on site factors than on the
oldest sites, because initial community
composition is a function of chance
events. Margalef (1963, 1968) proposed
thisidea, and Christensen and Peet (1984)
tested and supported the hypothesis in a
deciduous forest. It remains to be tested
in an arctic environment.

Finally, it is hypothesized that be-
cause at this latitude there are more spe-
cies at their northernmost limit than at
their southernmost limit, diversity will
develop more slowly on the cold sites
(north slopes and ENE sides) than on the
warm sites (south slopes and summits)
and will maintain a lower level on the
cold sites. Forty-six percent of the
Prudhoe Bay flora reaches its northern-

most limit in this region (Walker 1985a).
The cold sites, therefore, have a more
depauperate flora, and there are fewer
species capable of colonizing these sites.
Auclair and Goff (1971) found different
patterns of diversity in a temperate forest
successional sequence on mesic and xeric
sites. They stated that in intermediate
portions of environmental gradients
competition would be most intense, and
therefore diversity should be lessened.
They also stated that in high-stress envi-
ronments the dominant climax species
may also be the pioneers. This is very
similar to Svoboda and Henry’s (1987)
model for the high arctic. Reiners et al.
(1970) found an initial rapid rise in di-
versity at Glacier Bay, followed by a
leveling off, with a maximum stand age
of 1500 years.



CHAPTER II

BACKGROUND

Pingos
Mechanism of Formation

Porsild (1938) was the first to pro-
pose the theory that the pingos of north-
ern Alaska and northwestern Canada:

...were formed by local upheaval due to
expansion following the progressive
downward freezing of a body or lens of
waterof semi-fluid mud or siltenclosed
between bedrock and the frozen surface
soil, much in the way in which the cork
of abottle is pushed up by the expansion
of the water when freezing.

Porsild’s theory was essentially correct,
although it is now thought that expulsion
rather than expansion causes the up-
heaval (Mackay 1979). Another type of
pingo that forms under pressure due to
an upslope water source has also been
recognized. These two types of pingos
have been called closed-systemand open-
system respectively, but Mackay (1979)
suggested that the terms hydrostatic and
hydraulic pingos are more appropriate.
Certain pingos that would be classified
as the closed-system type might not be
completely closed, as they could be

hydraulic pingos are more appropriate.
Certain pingos that would be classified
as the closed-system type might not be
completely closed, as they could be
connected to an open talik (an unfrozen
water-saturated zone in permafrost). The
two types are not exclusive, and grada-
tions between them occur when local
conditions are such that both types of
water sources are available. The pingos
in this study are all presumed to be the
hydrostatic type, because there is no
obvious water source necessary for the
formation of hydraulic pingos.

Hydrostatic pingos generally form
in drained thaw-lake basins following
drainage of lakes greater than 2 m deep
(Fig.3). Lakes of thisdepthdonot freeze
to the bottom in winter, which creates a
deep talik beneath them. Following
drainage, permafrost aggrades into the
talik from all sides. As freezing pro-
gresses, water is expelled from the pore
spaces of sandy or gravelly materials
into the remaining unfrozen area, where
pressure builds, eventually becoming
great enough to push up the overlying
sediments and form a pingo (Mackay
1979; Everett 1980a). Any talik that
refreezes could potentially forma pingo,
forexample, under an abandoned stream
channel.

This expulsion of water into a mass
in the center of the pingo gives ris¢ to
injection ice, which results whenever a
mass of injected water freezes within
sediments (Pissart 1983). Mackay (1979)
described three types of ice that are
possible in pingos: pore ice, segregated
ice, and intrusion ice. The conditions
necessary for formation of these various
ice types result from the pressure
difference between the ice and water
phases and also the type of sediments
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necessary for formation of these various
ice types result from the pressure
difference between the ice and water
phases and also the type of sediments

present at the ice-water interface. Some

authors have emphasized ice origin as a
critical factor in the classification of
pingos and in separating pingos from
other types of mounds, such as palsas
(Pissart 1983), but Mackay (1979)
stressed that it is the mound form that
identifies a pingo as such and not the
origin of ice within. He emphasized ihat
the core may range from icy sediment to
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Figure 3. Schematic diagram of pingo formation. In (a), the drained lake phase, a
deep thawed area (talik) forms under the lake. Permafrost begins to aggrade
fo.IIowing lake drainage (b), and pingo growth is initiated. In (c), a fully developed
Dpingo exists, and in this case is a completely closed system.

Source: Everett,K.R. 1980. Landforms. In: Walker,D A.,K.R. Everett, P J. Webber
andJ. Brown. Geobotanical atlas of the Prudhoe Bay region, Alaska. Hanover, NH:
U.S. Army Cold Regions Research and Engineering Laboratory, CRREL Report 80-
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pingo exists, and in this case is a completely closed system.

Source: Everett, KR, 1980. Landforms. In: Walker,D.A.,K.R. Everett, P J. Webber
andJ. Brown, Geobotanical atlas of the Prudhoe Bay region, Alaska. Hanover, NH:
U.S. Army Cold Regions Research and Engineering Laboratory, CRREL Report 80-

41,p.19.

pure ice, and that a continuum exists
from flat ground with massive sill ice, to
pingos with intrusion ice, to pingos with
segregated ice, to flat areas with icy
sediment. The pingos of northern Alaska
and northwestern Canada are limited to

regions of sand or gravel (Shumskii
1959; Mackay 1962, 1966, 1968, 1973,
1978, 1979; Carter and Galloway 1979;
Miiller 1962; Walkeretal. 1985), butin
other parts of the world pingos have
grown in bedrock (e.g. Balkwill et al.
1974).



Distribution

Pingos have been described from
areas of continuous or discontinuous
permafrost in Canada and Greenland
(Fraser 1956; Pihlainenet al. 1956; Stager
1956; Craig 1959; Miiller 1959; Robi-
taille 1961; Mackay 1962, 1963a,b, 1966,
1972,1977a,b,1979, 1981, 1983; Cruick-
shank and Colhoun 1965; Pissart and
French 1976, 1977; Tarnocai and Netter-
ville 1976; Vernon and Hughes 1976;
Hughes 1969; Hughes etal. 1972; Brown
and Péwé 1973; Balkwill et al. 1974;
French 1975, 1976; Péwé 1975; French
and Dutkiewicz 1976; Bennike 1983).
They are alsoknown fromSiberia (Bobov
1960; Evseev 1976; Yursev 1982),
Spitsbergen (Ahman 1973; Svensson
1976), Mongolia (Rotnicki and Babinski
1977; Kowalkowski 1978), and the Ti-
betan Plateau (K.T. Cheng, cited in
Mackay 1979, pg. 6). Most recently,
pingos have been described from Ant-
arctica (Pickard 1983).

Pingos occur in most areas of the
Arctic Coastal Plain whete thaw lakes
and sandy or gravelly sediments are
present (Porsild 1938; Bums 1964;
Koranda 1970; Carter and Galloway
1979; Ferrians 1983; Rawlinson 1984a;
Walker et al. 1985). Carter and Gal-
loway (1979) mapped the pingos of the
National Petroleum Reserve - Alaska
(NPR-A). Hydraulic pingos are found

throughout central Alaska in the zone of
Walker et al. 1985). Carter and Gal-

loway (1979) mapped the pingos of the
National Petroleum Reserve - Alaska
(NPR-A). Hydraulic pingos are found
throughout central Alaska in the zone of
discontinuous permafrost, and in valleys
of the northern Brooks Range (Holmes
et al. 1966, 1968; Hamilton and Obi
1982).

The distribution of pingos in the
Prudhoe Bay and Kuparuk oil fields was
described and mapped by Walker et al.
(1985; Fig. 4) at a scale of 1:63,360, and
they described two distinct geomorphic

types of pingos in this area. One is a
steep-sided type with small basal diame-
ter and steep slopes, found in drained
lake basins (Fig. 5). The other type has
gentle slopes and broad base (Fig. 6).
The terms steep-sided and broad-based
refer to these types as defined by Walker
et al. (1985).

Regional Setting

The region of Alaska north of the
Brooks Range crest and extending from
the Chukchi Sea on the west to the
Canadian border has been called the
Arctic Slope or North Slope by various
authors. The area of this study lies
entirely within the Arctic Coastal Plain
physiographic province of Wahrhaftig
(1965). The nearest alpine areas are in
the Brooks Range, which is the north-
western extension of the Rocky Moun-
tain Cordillera, and the geologically
distinct Richardson Mountains in north-
western Canada.

Prudhoe Bay is located on the north-
ern coast of Alaska, at latitude 70°N,
longitude 148°W. This study covers the
area within a 70 km radius of Prudhoe
Bay, to the east, west, and south of the
region defined by Walker (1985a) (Fig.
1). It includes major portions of the
United States Geological Survey
1:250,000-scale Beechey Point and Sa-
gavanirktok quadrangles.

1). It includes major portions of the
United States Geological Survey
1:250,000-scale Beechey Point and Sa-
gavanirktok quadrangles.

Regional Landscape Units

Walker and Acevedo (1987) divided
the region within the Beechey Point and
Sagavanirktok quadrangles into four
landscape units: (1)flat thaw-lake plains,
(2) gently rolling thaw-lake plains, (3)
hills, and (4) river floodplains. All areas
include some floodplain units (Fig. 7).

148~ a7

O Steep-sided Pingos
« Broad-based Mounds

Figure 4. Distribution of pingos on the USGS 1:250,000-scale Beechey Point

Quadrangle.

Source: D A.Walker, M.D. Walker, K.R. Everettand P.J, Webber. 1985. Pingos of
the Prudhoe Bay region, Alaska. Arctic and Alpine Research, 17:333.

The landscape units of Walker and
Acevedo (1987) differ from the defini-
tion of landscape proposed by Forman
and Godron (1986). In order to keep this
distinctionclear, the termlandscape units
is used whenreferring specifically to the
regional units defined by Walker and
Acevedo, and the term study areas is

used when referring to the landscapes as
Firridad Comtlaio rarddecn an mmmnvvp v ennenas

is used when referring specifically to the
regional units defined by Walker and
Acevedo, and the term study areas is
used when referring to the landscapes as
divided for this study.

The flat thaw-lake plains represent
an ancient floodplain surface between
the Kuparuk and Sagavanirktok Rivers.
This was a glaciofluvial outwash plain
during the melting of the Brooks Range
glaciers 8,000 to 10,000 BP (Rawlinson
1984b; Walkerand Acevedo 1987). The
exactage of the surface is not known, but
the oldest available radiocarbon date on

basal peat of 9,330 + 150 BP represents
a minimum for initiation of peat forma-
tionin theregion (Everett 1980b; Walker
and Acevedo 1987). The gently rolling
thaw-lake plains are an older surface of
unknown age.

Landscape Elements

sene Y Tavatn fadine w v st viuve Suadun® wi

unknown age.
Landscape Elements

Most of the region’s terrain is flat,
and the predominant landscape elements
are related to the presence of continuous
permafrost up to 600 m deep (Everett
1980b). Walkeretal. (1986) subdivided
landscape elements into two types: (1)
landforms, which are large landscape
units that may contain within them one
or more surface forms, and (2) surface
forms, which are smaller-scale units. The



4

10.6 N
0 20 40 60m
| L |

a Contour Interval 1.5m

Figure5. A typical steep-sided pingo (Pingo I, Flower)at Prudhoe Bay, in plan view
(a)andfacing northlooking at the south slope of the pingo (b). Thispingois 7 m high
and 85 min diameter. Slopes are as steep as 30°. Topographic data adapted from
Air Photo Tech (1979).

landscape is dominated by lakes, which ~ N15°W (perpendicular to the primary
occupy 25-30% of the surface, and most ~ wind vector) (Black and Barksdale 1949;
lakes have a long axis orientation of  Everett 1980a). Most regional landscape
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Figure 6. A rypical broad-based pingo (Pingo 35, Pingok) in the Kuparuk area, in
plan view (a) and facing north looking at the south slope of the pingo from its base
(b). This pingo is 13 m high and 350 m in diameter. Slopes range from 5 to 15°.
Topographic data adapted from Air Photo Tech (1979).

elements are a result of two related A theory of ice-wedge formation
processes, ice-wedge formation and the  based on thermal contraction cracking is
thaw lake cycle. generally accepted as the best explanation
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Figure 7. Landscape units of the study region. Units are from Walker and Acevedo

(1987).

for this phenomenon (Leffingwell 1915,
1919; Lachenbruch 1959, 1966). Cracks
formin the ground during the winter due
to low temperatures, either at the surface
or within the permafrost (Mackay 1984).
Water flows into these cracks in the
springtime and freezes; this process is
repeated overthe years, and an ice wedge
develops. The intersection of the cracks
results in a polygonal ground pattern
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expressed on the surface. The ice wedge
displaces soil around the edge of the
polygon, resulting in a raised rim.

A cyclical process of pond and lake
formation, followed by subsequent lake
drainage and reestablishment of ice
wedges, has been called the thaw-lake
cycle; this process shapes most of the
region’s landscape (Hopkins 1949; Brit-
ton 1957; Everett 1980a; and others).

The cycle is a result of natural thermo-
karst processes, going from ice-wedge
polygons to growing lakes to drained
lake basins. Pingos may form during the
drained lake stage, and are therefore
considered part of the thaw-lake cycle.
Landforms other than pingos that are
associated directly with the thaw-lake
cycle include low-centered polygons,
high-centered polygons, and strangmoor/
disjunct polygon rims. Important elem-
ents of the landscape that are not a result
of ice wedges or thaw lakes are the large,
braided rivers that cross through the
region. These have their headwaters in
the foothills and mountain valleys of the
Brooks Range, and as landscape cor-
ridors they have a major influence on the
regional vegetation and wildlife.

Climate

Regional climate is characterized by
long, cold winters and short, cool sum-
mers (Walker 1980). Mean annual tem-
perature at the Prudhoe Bay (Deadhorse)
airport is -13°C. Mean annual precipita-
tionis quite low, around 25 cm. There is
amaritime influence along the coast that
leads to different summer climates be-
tween the coastal and inland areas of this
study (Haugen and Brown 1980). The
southern extent of the maritime influ-
enceisunknown, butis best expressed as
study (Hauger ana Browif 1vou). 1r1c
southern extent of the maritime influ-
enceisunknown, butis best expressed as
a north to south gradient. Summer con-
ditions at the coast are predominantly
cloudy, moist, cool, and windy with
temperatures within a few degrees of
freezing, while clear skies and more
variable wind speed and direction are
prevalent inland.

Winter climate is probably more
uniform across the area, although most
available data are from Prudhoe Bay.

Monthly means for January through
March are around -30°C, and the sun is
down for 49 days (Gavin 1973; Walker
1985a).

Precipitation near the coast is fre-
quent in the summer, but total amounts
are small. Away from the coast precipi-
tation events become less frequent but
produce more moisture, so that the net
result is approximately equal amounts
across the region (Kane and Carlson
1973; Dingman et al. 1980; Haugen and
Brown 1980).

Geology

The area lies within the broad geo-
graphical area called Beringia that in-
cludes the portions of northeastern Asia
and northwestern North America that
lay outside the Plio-Pleistocene conti-
nental ice sheets (Fig. 8) (Hopkins 1967,
1982). Five glacial sequences are recog-
nized in the Brooks Range; none of these
reached as far north as the study region.
From oldest to youngest they are: (1)
Gunsight Mountain (Tertiary), (2)
Anaktuvuk River (early Pleistocene), (3)
Sagavanirktok River (middle Pleisto-
cene), (4) Itkillik Phase I (early Wiscon-
sin), and Phase II (late Wisconsin), and
(5) Fan Mountain neoglacial (Hamilton
1982, 1983, 1986; Hamilton and Hopkins
1982). The Gunsight Mountain drift is
() fanthesannaths nedgrrabe Gitanaths
1982, 1983, 1986; Hamilton and Hopkins
1982). The Gunsight Mountain drift is
the furthest north, and reaches its north-
ern extent approximately 35 km south of
the southernmost pingo sampled.

Surficial geology is dominated by
unconsolidated late Cenozoic fluvial, gla-
ciofluvial, eolian, and lacustrine sedi-
ments collectively called the Gubik for-
mation, butcontained within this unit are
a number of distinct and different aged
units (Smith and Mertie 1930; O’Sullivan
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Figure8. Hypothetical reconstruction of Beringia 18,000 BP. Continental ice sheets
and mountain glaciers are shown with the stippled pattern (adapted from Barry

1982).

1961; Black 1964; Rawlinson 1984b;
Brigham 1985). There are also a few
scattered areas of marine sediments,
The flat thaw-lake plains are a com-
bination of alluvium and glaciofluvial
outwash, with a few isolated coastal
occurrences of Flaxman marine deposits
and Sangamon-age sand and gravel de-
posits (Rawlinson 1984b, 1986a,b,c.d,e;
Hickmott 1986a,b). A surface layer of
loess and peat 0.5 to 1 m deep overlies
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posits (Rawlinson 1984b, 1986a,b,c.d,e;
Hickmott 1986a,b). A surface layer of
loess and peat 0.5 to 1 m deep overlies
most of this surface (Everett 1980b;
Rawlinson 1984b). The area’s drainage
history is complex, but it is evident that
the Putuligayuk River was once the pri-
mary channelfor the Sagavanirktok River
and perhaps also the Kuparuk River
(Rawlinson 1984b). A sandy gravel
outwash 3 to 5 m deep is of Birch and
Duvanny Yar age (see Chapter III for
dates) and has been termed the Putuli-
gayuk outwash by Rawlinson (1984b).
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A layer of sandy gravel alluvium ap-
proximately 7 m thick (the Putuligayuk
alluvium) underlies the Putuligayuk out-
wash (Rawlinson 1984b).

The gently rolling thaw-lake plains
are covered by a layer of peat and are
similar to the flat thaw-lake plains, but
have more relief and represent older
surfaces. Rawlinson (1984b) described
a sequence of three terraces from the
Colville River eastward toward the

fur TV AUAUT W dupiusvin viavs
surfaces. Rawlinson (1984b) described
a sequence of three terraces from the
Colville River eastward toward the
Kuparuk River. These same terraces are
repeated on the gently rolling thaw-lake
plains east of the Sagavanirktok River.
Theregion of this study that is within the
gently rolling thaw-lake plains is to the
east of the’oldest of these terraces,
Colville terrace 1. This surface is a
combination of Ugnuravik sand and
gravel, which are speculated tobe Sanga-
mon age (Rawlinson 1984b).

The major areas of hills, Franklin
Bluffs and the White Hills, represent
isolated Tertiary surfaces of the Sagava-
nirktok formation (Payne et al. 1951).
Floodplains throughout the region con-
sist of Holocene gravelly sand and silt;
peat has formed in less active areas.

Soils

Four United States Department of
Agriculture soil orders are represented
regionally: Histosols, Entisols, Incepti-
sols, and Mollisols (Everett 1975, 1980c;
Everett and Parkinson 1977; Parkinson
1978; Walker 1985a). U.S. Soil Conser-
vation Service maps are not available for
this region, and soil mapping has been
done as part of geobotanical mapping
within the oil field (Everett 1980c; .
Walker et al. 1986; and others). The
primary environmenta! gradients con-
trolling regional soils are drainage, dis-
turbance, age, and deposition of calcare-
ous loess.

Soils of wet tundra are either Per-
gelic Cryofibrists or Pergelic Cryohem-
ists, or in regions where calcareous €o-
lian loess is important Histic Pergelic
Cryaquepts are found (Everett and Park-
inson 1977). In this case, environmental
conditions at the site would normally
lead to a Histosol, but the input of eolian
mineral material dilutes the surface hori-

zon such that it is classified as mineral
conqitions at tne site would normally

lead to a Histosol, but the input of eolian
mineral material dilutes the surface hori-
zon such that it is classified as mineral
rather than organic.

Soils of moist sites are Pergelic
Cryaquolls, Pergelic Ruptic Aqueptic
Cryaquolls, or Pergelic Cryosaprists. The
primary difference between the first two
types is related to frost disturbance, with
Pergelic Ruptic Aqueptic Cryaquolls
found primarily in frost scar terrain, of-
ten in close association with Pergelic
Cryaquolls. Pergelic Cryaquolls may be

found on any relatively undisturbed
upland surface with moderate drainage.
Pergelic Cryosaprists are distinguished
from Pergelic Cryaquolls by the presence
of an organic surface horizon (Everett
and Parkinson 1977; Everett 1980c).
Pergelic Cryorthents and Pergelic
Cryopsamments are soils of active allu-
viumandsanddunes, respectively. These
Entisols have little or no differentiation
of horizons; they represent either young
surfaces or chronic disturbances (Ever-
ett 1980c; Walker 1985a). In the ab-
sence of disturbance, soils of well-drained
sites, including most pingos, are either
Pergelic Cryoborolls or Calcic Pergelic
Cryoborolls. Dry soils throughout the
region have abundant free carbonates
present due to carbonate-rich parent
materials, but the concentration of this
carbonate within the soil subhorizons is
a function of time, leading to a Calcic
Pergelic Cryoboroll (Parkinson 1978).

Arctic Vegetation

The literature of the vegetation of the
circumpolar Arctic is vast; much of this
literature is in Russian and German and
has not been translated intoEnglish. The
synthesis work of Aleksandrova (1980)
provided a much needed overview.
Studies of large regions include the work
of Bocher (1938) in Greenland, Bliss

(1977) on Devon Island, and Spetzman
provided a much needed Overview.

Studies of large regions include the work
of Bocher (1938) in Greenland, Bliss
(1977) on Devon Island, and Spetzman
(1959) in Alaska.

Studies of Arctic Coastal Plain vege-
tation have been concentrated mainly
around Barrow and the area within the
National Petroleumm Reserve - Alaska
(NPR-A) (Cantlon 1961; Britton 1967,
Komdrkovd and Webber 1976, 1978,
1980a; Brownetal. 1980; Ebersole 1985).
Other North Slope vegetation studies,
outside of the immediate Prudhoe Bay
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region, include Hanson (1951, 1953),
Johnson et al. (1966), Anderson (1974),
Dean and Chesemore (1974), Young
(1974), Racine (1976), Racine and
Anderson (1979), and Walker (1985b;
Walkerand Acevedo 1987). These cover
the Beechey Point and Sagavanirktok
Quadrangles, the Noatak and Kobuk river
valleys, the Seward Peninsula, the Cape
Thompson area, Kuskokwim Flats, and
Eagle Summit. Studies of alpine areas
include Jordal (1951), Lambert (1968),
Batten (1977), and Cooper (1983, 1986).
Gill’s (1971) Mackenzie River Delta
study is also pertinent.

Little work had been done in the
Prudhoe Bay region prior to its selection
as a secondary study site for the U.S.
Tundra Biome program under the aus-
pices of the International Biological
Program (IBP) inthe early 1970’s (Brown
1975). Much of what has been done is
directly related to impacts from the oil
development and was funded by oil
companies as required to meet permit-
ting and environmental impact assess-
ment needs. The vegetation within the
Prudhoe Bay region was described by
Brown (1975) and Walker (1985a;
Walker et al. 1980). Detailed geobotani-
cal maps of much of the Prudhoe Bay oil
field have been made ata scale of 1:6,000
(Walker and Webber 1980a, Walker et
al. 1986). Koranda’s (1960) work on
Franklin Bluffs, a relict Tertiary surface
Feldlave Been made ata scale oF T:0.000
(Walker and Webber 1980a, Walker et
al. 1986). Koranda’s (1960) work on
Franklin Bluffs, a relict Tertiary surface
southeast of Prudhoe Bay, was one of the
first detailed studies in this area, but it
concentrated on the bluffs, which are
atypical. The work of Komérkov4 and
Webber (1980b), Murray et al. (1980),
and Walker and Webber (1980b) along
the Dalton Highway, described the vege-
tation and flora along a north to south
transect from Prudhoe Bay to the Yukon
River. Viereck and Dyrness (1980,

Viereck etal. 1986) have synthesized the
classification systems in use in Alaska.

Pingo vegetation has been briefly
covered in a number of studies. Walker
(1985a) described the majorcommunities
on the pingos within the Prudhoe Bay
region, and Ito (1978) described the
vegetation of several pingosin the vicinity
of Tuktoyaktuk, N.-W.T., Canada. Bumns
(1964) described several small pingos in
the Yukon-Kuskokwim river delta
region, but it is unclear whether or not
these were truly pingos or some other
type of ice-cored mound such as a palsa.
There are also references to pingo
vegetation in Mackay (1973, 1976) and
Andreev and Perfilyev (1975).

Vegetation of the Study Region

Aleksandrova (1980) divided the
Arctic into two regions, the tundra re-
gion and the polar deserts. Using her
classification, the region of this study is
within the Alaska subprovince of the
Chukotka-Alaska province of the subarc-
tic tundra subregion of the tundraregion,
but is rather near the northern border
between the arctic and subarctic tundras,
and contains elements of both. Thus, she
relates the vegetation of this region more
closely to Siberia than to most of the
North American Arctic, but she sepa-
rates it at the subprovince level due to a
number of differences, including the

cnariac that farm the nnrtharn tras limit

closely to Siberia than to most of the
North American Arctic, but she sepa-
rates it at the subprovince level due to a
number of differences, including the
species that form the northern tree limit.
All of Alaska, except the southeastern
panhandle, the extreme northwest of
Canada west of the Mackenzie River,
and the Chukotka region of Siberia are
collectively known as Beringia (Yurtsev
1974a; Hopkins et al. 1982). The non-
mountainous portions of Beringia were
not glaciated during the Pleistocene, and
the continents were connected via a land

bridge because of lowered sea levels
(Hopkins 1967; Fig. 8). The mesic tun-
dra throughout this area is similar, domi-
nated by Eriophorum vaginatum and
Carex lugens tussock tundra, which are
less abundant east of the Mackenzie River
(Aleksandrova 1980).

The Prudhoe Bay vegetation differs
from most of the coastal plain by the
rarity of Eriophorumvaginatum. Walker
(1985a) described the stand types at
Prudhoe Bay. Dry areas are dominated
by Dryas integrifolia; Carex rupestris,
Oxytropis nigrescens, Saxifraga
oppositifolia, and Lecanoraepibryonare
also common. Plant cover in dry sites is
often incomplete, and crustose lichens
may be abundant. Moist tundra in mesic
uplands is dominated by Eriophorum
angustifolium, Dryas integrifolia,
Tomenthypnum nitens, and Carex aqua-
tilis. Fruticose lichens are abundant in
all but the wettest sites. Wet tundra is
dominated by Carex aquatilis, and these
sites have few dicots present. Carex
aquatilis and Arctophila fulva are the
predominant emergent species.

The study region extends beyond the
oil field and includes large expanses of
tussock sedge, dwarf shrub tundradomi-
nated by Eriophorum vaginatum, Carex
lugens, and species of Salix and other
dwarf shrubs.

Environmental Gradients

lugens, ana specles oI dallx ana omer
dwarf shrubs.

Environmental Gradients

The relationship of vegetation to the
landscape and its environment has been
an important part of modern vegetation
science from its beginnings in Europe in
the latter part of the last century. It was
Ramensky (1924, 1930), Gleason (1926),
and Lenoble (1927), however, who first
argued that classification into discrete
units was not a natural model, but that

vegetation varies continuously across a
landscape. This idea of gradients was
developed in North America by Whit-
taker (1948, 1951, 1967, 1973), Curtis
and others (Curtis and McIntosh 1951;
Brown and Curtis 1952), Ellenberg
(1950, 1952), and Perring (1958). It was
considered a radical departure from the
strict European schoo! of classification
and was not readily accepted by most
phytosociologists (Shimwell 1971). In
the past several decades, however, clas-
sification and gradient analysis have
come to be recognized as complemen-
tary techniques that when used together
can give the best understanding of vege-
tation patterns and their causes (Waring
and Major 1964).

It has been fairly recently that gradi-
ent analyses have been regularly done in
conjunction with descriptive studies, as
there were few reliable and consistent
methods available. For this reason there
are few such studies in the arctic. Webber
(1971) was the first study that concen-
trated on techniques of gradient analysis
in arctic regions. He cites as earlier
studies Summerhayes and Elton (1928),
Hansen (1930), Seidenfaden and Sgren-
son (1937), Bécher(1954), Aleksandrova
(1960), Beschel (1963), Raup (1965),
and Johnson et al. (1966), but none of
these were really gradient analyses as the
term is applied today. Cantlon (1961)
first pointed out the need for such studies

in Alaska, and Walker g098533 followed
ana Jonnson ¢ a1, (1yo0g), vul nviic vl

these were really gradient analyses as the
term is applied today. Cantlon (1961)
first pointed out the need for such studies
in Alaska, and Walker (1985a) followed
his model of considering the vegetation
of Prudhoe Bay in terms of three scales
of environmental gradients (micro-,
meso-, and macroscale). Other studies
that have directly considered gradients
include Bliss(1956), Gill (1971), Webber
(1978; Webber et al. 1980), Cooper
(1983), Odasz (1983), and Ebersole
(1985).
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The field of landscape ecology, which
isstillemerging in North America (Naveh
and Lieberman 1984; Forman and
Godron 1986), takes gradient analysis
another step, from community-level
gradients to landscape-level gradients.
This field has been active in Europe for
some time (Troll 1950, 1968; Neef 1963,
1967; Haase 1964, Schmithusen 1964,
1967; Bobek and Schmithusen 1967). It
has come into popular usage in North
America relatively recently (e.g.
Komdrkov4d 1976). This type of ap-
proach isusefulin northern Alaska, where
there are large, unbroken expanses of
tundra, The present study views vegeta-
tion at the level of the landscape, as well
asonthe smaller scale of the community.

Floristics

Floristics and vegetation are closely
related topics, but whereas vegetation
studies concentrate on regional patterns
and communities, floristics is the study
of the flora and its history. The regional
flora contains the building blocks for
communities. The work of Hultén (1937,
1958, 1962, 1963a,b, 1968), Léve and
Love (1963), Johnson and Packer (1967),
Young (1971, 1976, 1982), Murray
(1978, 1979, 1980; Murray et al. 1983),
Yurtsev (1962, 1963, 1972a,b, 1974a,b,
1978, 1982), Walker (1985a), and Coo-
per (1989) have all dealt with floristics
directly.

The arctic contains only about 600

indigenous s;lJecies, and about 200 of
Young (19Y/1, 1970, 1982), Murray

(1978, 1979, 1980; Murray et al. 1983),
Yurtsev (1962, 1963, 1972a,b, 1974a,b,
1978, 1982), Walker (1985a), and Coo-
per (1989) have all dealt with floristics
directly.

The arctic contains only about 600
indigenous species, and about 200 of
these are circumpolar (Léve 1959). The
Bering land bridge served as a migration
route between Asia and North America
for many species during the Pleistocene.
Because of this connection, and also
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flora is a combination of circumpolar
and Beringian species, including Alas-
kan endemics (Hultén 1968). The floris-
tic link between Alaska and Asia was
first described by Hultén (1937), and the
morerecent work by Yurtsev (1982) and
Murray (1980; Murray et al. 1983) has
continued to elucidate this connection
and its role in the formation of the mod-
em vegetation.

Because of its importance to these
trans-continental migrants, the Pleisto-
cene environment of the land bridge and
Beringia in general has generated con-
siderable interest (Hopkins 1967;
Hopkins et al. 1982). Many workers
have envisioned that much of this area
was a steppe-tundra (Hibbert 1982). The
first use of this term and concept was
from German and Russian paleontolo-
gists, who were trying to imagine an en-
vironment that could have supported a
large ungulate fauna. Nehring (1890)
discovered these Pleistocene vertebrate
faunasin central Europe, and he wrote of
a “‘steppe climate with an arctic tinge to
it” (Nehring 1895). Tugarinov (1929),a
Russian paleontologist, further devel-
oped the concept, and made the sugges-
tion that the mammalian fossil associa-
tions found in northern Asia, Europe,
and Alaska represented actval faunal
assemblages, and were not just together
due to some type of depositional coinci-
dence. This is a matter of considerable
debate today, as there has been little stra-
tigraphic control in the major paleontol-

ogical finds (Matthews 1982).
tions found 1n northern Aslia, kurope,

and Alaska represented actual faunal
assemblages, and were not just together
due to some type of depositional coinci-
dence. This is a matter of considerable
debate today, as there has beenlittle stra-
tigraphic control in the major paleontol-
ogical finds (Matthews 1982).

The history of the steppe-tundra
concept was based on the existence of
large, grazing animals now associated
with grassland and shrub steppes, rather
than on direct evidence from the pollen
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independent evidence from European,
Russian, and North American
palynologists developed that supported
the idea. When the Soviet picture of a
cold, dry, environment was first presented
in the U.S. in 1965 (Giterman and
Golubeva 1967), it was very similar to
the independent conclusions drawn by
Colinvaux (1964) from Imuruk Lake
cores. Earlier, Livingstone (1955, 1957)
recognized three pollen zones from two
lakes in northern Alaska, an herb zone,
dominated by grasses, sedges, and species
of Artemisia, a birch zone, and an alder
zone, the mostrecent. These three zones
have held up remarkably well in other
studies (Anderson 1982; Nelson 1982a;
Brubakeretal. 1983; Baker 1984; Wilson
1984), and the herb zone has been
postulated torepresent this steppe-tundra
type. Yurtsev (1982) described the
modern pollen rain from Wrangel Island,
which he considers a good modem
example of a northern steppe-tundra type,
and itis quite similar to many of the herb-
zone pollen spectra, with high amounts
of grasses, Artemisia  spp., and
Selaginella sibirica. Ritchie (1984,
Cwynar and Ritchie 1980) has argued
that there is no concrete evidence for
these steppe-tundra assemblages, and that
the herb zone probably represents a
fellfield type of vegetation.

Island Biogeography

Since the publication of MacArthur

and Wilson’s theory of island biogeo-
tnese steppe-tundra assemblages, and that

the herb zone probably represents a
fellfield type of vegetation.

Island Biogeography

Since the publication of MacArthur
and Wilson’s theory of island biogeo-
graphy in 1967, there have been a multi-
tude of studies attempting to verify or
refute the theory or fit specific data to it.
This theory states that the number of
Species on an island represents an equi-
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depend on distance from source areas;
extinction rates depend on island size.
The theory predicts that the number of
species on an island, §, is exponentially
related to the area of the island:

S =cA% (1)

Data have been published for plants and
animals, on oceanic islands and archi-
pelagoes (Terborgh 1973; Diamond et
al. 1976; Linhart 1980; Nilsson and
Nilsson 1978, 1982, 1983) as well as ter-
restrial habitat patches (Culver 1970;
Vuilleumier 1970; Brown 1971; Cook
1974; Johnson 1975; Behle 1978; Crowe
1979; Riebesell 1982; Murray et al.
1983). No arctic data have ever been
applied to the theory, although Young
(1982) recognized its significance in
relationship to the steppe-tundra ques-
tion, because if modemn steppe-tundras
arerelict, they should have non-equilib-
rium biogeography.

The theory leads to three specific
predictions: 1) that turnover of species
occurs, 2) that the species-area curve
will be steepest for the most isolated
islands and steeper on islands than on
equivalent mainland areas, and 3) thata
dynamic equilibrium is in fact operating
(Williamson 1981). The value of z in
equation (1) represents the slope of the
line defined by the species-area equa-
tion, and most attention has centered on
this aspect. Gould (1979), however,
pointed out that when the slopes of two

equations are equal, the ratio of their
dynamic equilibrium 1s in fact operating

(Williamson 1981). The value of z in
equation (1) represents the slope of the
line defined by the species-area equa-
tion, and most attention has centered on
this aspect. Gould (1979), however,
pointed out that when the slopes of two
equations are equal, the ratio of their
intercepts, ¢, represents the relative spe-
cies richness of different regions of
similar size. Some data suggest that
isolation lowers the value of ¢, rather

than having a direct effect on z (Slud
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MacArthur and Wilson did not make
specific predictions about the value of z,
but they did present empirical data sug-
gesting that for equilibrium island popu-
lations it should fall between .24 and .35,
and for mainland sites, or subsamples
within an island, it should be between
.12and .17. Slopes outside these ranges
have been interpreted as representing
nonequilibrium conditions. Nonequili-
brium would be expected in areas where
islands have formed from isolation of a
previously extensive habitat, such as
mountaintops that were isolated by cli-
matic change during the Holocene, or
oceanic islands in the Bering Strait that
were continuous with the exposed conti-
nental shelf during the Pleistocene
(Brown 1971; Riebesell 1982; Young
1982). In these sitvations, extinction
rates are expected to exceed coloniza-
tion rates, as these areas have gone from
part of the mainland to islands, and it
takeslongertoreach anequilibrium from
too many species than from too few
species for a given area (MacArthur and
Wilson 1967). Once a viable population
is established, it will tend to persist.
MacArthur and Wilson (1967) hypothe-
sized that on mainlands the lower z val-
ues are a result of the presence of small
populations of many species in an area
that belong toalarger, viable population.
On an island these small populations
could not persist. High colonization
rates, as compared to extinction rates,
should lead to decreased values of z, as
colonization rate is more dependent on

lies aré a festii 'of the presence ot smail
populations of many species in an area
thatbelong toalarger, viable population.
On an island these small populations
could not persist. High colonization
rates, as compared to extincton rates,
should lead to decreased values of z, as
colonization rate is more dependent on
isolation than it is on area.

Predictions conceming turnover and
equilibrium have been difficult to treat.
The prediction of species turnover does
not address the time scales involved.

small systems, while others (e.g. Gilbert
1980) have claimed that because turn-
over has not been shown in most cases,
the theory is nullified. It has also been
shown that observed turnover often rep-
resents sampling error (Lynch and
Johnson 1974; Simberloff 1976; Nilsson
and Nilsson 1982). It is true that this
prediction cannot be invalidated, but this
does not make the theory intractable,
Colonization and subsequent extinction
of some species have been well docu-
mented in successional studies (e.g.
Crocker and Major 1955, and many
others). Arctic plants arerelatively long-
lived (Billings1973), so it would be dif-
ficult to definitively demonstrate turn-
over for a given area in the Arctic. For
the present study it is assumed that turn-
over has occurred at some point in time.

Succession

Because the pingos may well be some
of the oldest stable sites on the coastal
plain, they are logical sites on which to
study succession. Within the lastdecade
studies of plant succession have concen-
trated on mechanisms driving succes-
sion and the evolutionary consequences
of succession (e.g. Pickett 1976; Peet
and Christensen 1980; Christensen and
Peet 1984; Tilman 1986). In tandem
with these experimental studies have
come a series of models of succession
that attempt to define the process as a
generalized one driven by similar forces
in all environments (e.g. Connell and
St-siiecdfiidn @ISR (Shrerel
and Christensen 1980; Christensen and
Peet 1984; Tilman 1986). In tandem
with these experimental studies have
come a series of models of succession
that attempt to define the process as a
generalized one driven by similar forces
in all environments (e.g. Connell and
Slatyer 1977; Tilman 1985). Clements’
(1916) original concept was that all re-
cently exposed surfaces will eventually
become inhabited by plants, and that this
process of going from barren ground to

existing environmental factors at the site.

This concept of the climatic climax
contains within it the concept of conver-
gence, that is, change within a commu-
nity to a particular stand type, the climax
type. This concept was inherent in the
earliest successional descriptions
(Cowles 1899; Cooper 1916; Clements
1916, 1928).

Since these earliest works, two criti-
cal questions have emerged from suc-
cessional studies in many different envi-
ronments: (1) whether or not there is
convergence toward a characteristic cli-
matic climax type, and (2) the impor-
tance of site factors or characteristics as
opposed to chance immigration in deter-
mining both the initial and final species
composition (Margalef 1963, 1968;
Connell and Slatyer 1977, Matthews
1979a,b; Christensen and Peet 1984;
Matthews and Whittaker 1987). Mar-
galef (1963, 1968)and Egler (1954, 1975)
both recognized that initial species
composition is likely to be controlled by
the chance arrival of species at the sites,
although they predicted entirely differ-
ent outcomes from this initially appar-
ently random assemblage. Matthews
and Whittaker (1987) concluded that
species composition differences along
environmental gradients increase rather
than decrease overtime, and Pinedaetal.
(1981) and Christensen and Peet (1984)
came to a similar conclusion.

Arctic Studies

spelilSTeohiys ST ditverentes arong
environmental gradients increase rather
than decrease overtime, and Pinedaetal.
(1981) and Christensen and Peet (1984)
came to a similar conclusion.

Arctic Studies

There have been rather numerous
descriptive studies of succession in north-
em Alaskaand otherregions of the Arctic,
many associated with river alluvium
(Pollunin 1936; Spetzman 1951; Bliss

and Peterson 1980; L.R. Walker and
Chapin 1986; Walkeretal. 1986; Cargill
and Chapin 1987; Svoboda and Henry
1987). Churchill and Hanson (1958) re-
viewed concepts of arctic succession.
Peterson and Billings’ work related
coastal plain succession to natural geo-
morphic cycles (the thaw-lake cycle in
particular), and the pingos are part of the
same cycle.

Svobodaand Henry (1987) have pre-
sented a model for succession in high
arctic environments. It addresses the
problem that in the most extreme envi-
ronments, where plants are at the very
limits of their tolerance range, succes-
sion as it it generally understood does
not seem to occur. This model predicts
that in marginal environments, competi-
tion is of little importance, as few species
are able to exist at all, and these may not
persist over any period of time. Savile
(1960) also wrote of decreased competi-
tioninthe High Arctic, and Griggs (1934)
wrote that arctic environments are rud-
eral or weedy. Vascular plant communi-
tiesin such settings will notdevelop high
enough cover to build up a substantial
amount of soil organics. Thus, the site
remains in an early sere for a long period
of time, perhaps indefinitely.

Taking Svoboda and Henry’s work
one step further, one can envision a gra-
dient from these most exreme environ-
ments, at the very limit of plant growth,
to some point farther south where suc-
cessional processes, as they have gener-
ally been described, are acting. At this
BYYide, perRaps idetimety. "~

Taking Svoboda and Henry’s work
one step further, one can envision a gra-
dient from these most extreme environ-
ments, at the very limit of plant growth,
to some point farther south where suc-
cessional processes, as they have gener-
ally been described, are acting. At this
more southerly point,competition is con-
trolling most species’ distributions, not
environmental stresses. The study re-
gion probably falls somewhere in the
middle of this gradient, and so is an



CHAPTER 1II

METHODS

Study Areas

The region was divided into four
broad study areas (Fig. 9): (1) thePrudhoe
Bay area, including all of the Prudhoe
Bay oil field between the Kuparuk River
and the Sagavanirktok River main (¢ast)
channel, extending approximately 40 km
to the south from the coast, (2) the Kupa-
ruk oil field, including all of the area
west of the Kuparuk River that was ac-
cessible by road in 1984, extending from
the coast approximately 30 km south, (3)
the Toolik Riverarea, including all of the
coastal plain west of the Sagavanirktok
River beginning at the southern edge of
the Prudhoe Bay areaand extending south
tothe northern tip of the White Hills, and
(4) the Kadleroshilik area, including all
of the coastal plain east of the Sagava-
nirktok River and west of the Shaviovik
River, extending approximately 56 km
south from the coast. Each study area
has a unique combination of geologic
and climatic factors, making them sepa-
rate landscape types. The Prudhoe Bay
and Toolik River study areas are within
the flat thaw-lake plains, and the Kupa-
ruk and Kadleroshilik areas are in the
gently rolling thaw-lake plains.

Field Study

rate landscape types. The Prudhoe Bay
and Toolik River study areas are within
the flat thaw-lake plains, and the Kupa-
ruk and Kadleroshilik areas are in the
gently rolling thaw-lake plains.

Field Study

Forty-one pingos were sampled from
the four study areas (Fig. 9, Table 1).
The original study plan was to sample
equally from the four study areas, but the
relative inaccessibility of the Toolik and

samples from these regions. A few sites
within the Toolik River area could be
sampled from the Dalton Highway; oth-
erwise transportation in these two areas
was by air, limiting the amount of time
spent in these regions.

Each pingo listed in Table 1 was as-
signed a name and number. If a pingo
was assigned a name on U.S. Geological
Survey (USGS) maps then that name
was used. This was the case for Prudhoe
Mound (no. 5), Jones Mound (no. 12),
and Thetis Mound (no. 33). These sites
are all near the coast and were described
and named by early explorers. Many
pingos had benchmarks on top, and in
this case the benchmark name was used.
This was the case for Betty (no. 3), Angel
(no. 6), Beny (no. 7), Hale (no. 14),
Percy (no. 15), and Michelle (no. 18).
The remaining names are unofficial.

Sampling was opportunistic, and in
the Prudhoe Bay and Kuparuk areas the
existing road network was used to reach
the sampling sites (Fig. 10). Within
Prudhoe Bay, all pingos at least 5 m high
were sampled. In the Kuparuk area,
pingos closest to the road were sampled.
All pingos in the Kadleroshilik area had
10 be accessed by air, and since this was
done inconjunction with other unrelated
studies these samples are essentially
random. Kadleroshilik Pingo (no. 41)is
Prudhoe Bay, all pingos atleast 5 m high
were sampled. In the Kuparuk area,
pingos closest to the road were sampled.
All pingos in the Kadleroshilik area had
to be accessed by air, and since this was
doneinconjunction with other unrelated
studies these samples are essentially
random. Kadleroshilik Pingo (no. 41)is
perhaps the largest pingo in the world,
and it was chosen for this reason. In the
Toolik River area, pingos 15 and 37 were
reached by road, and the remainder were
sampled in a single extended camping

700
5

70°

69°
as' =

150 I s L g8 L
—~
\ .
T wine Bt @ Beaufort Sea
70" e
10' 1 (g - 12 };n- ~ “a
1 2%
33 1
Kuparuk '\
Study Area t. Mclntyre ~

Foppr fstand
day

Kadleroshilk
Study Area

30 [ 25,00

Figure9. Location of sample pingos and study areas. Topographic informationfrom
USGS 1:250,000-scale Beechey Point and Sagavanirksok quadrangles.

Field Sampling Procedures

Field sampling consisted of: 1) data
for the entire pingo, and 2) data from
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Figure9. Location of sample pingos andstudy areas. Topographic information from
USGS 1:250,000-scale Beechey Point and Sagavanirktok quadrangles.

Field Sampling Procedures

Field sampling consisted of: 1) data
for the entire pingo, and 2) data from
Seven sample plots on each pingo. Table
2lists the data and information that were
taken for the entire pingo. Diameter was
mcaspred on the north and west sides of
the pingo by two people using a 100 m

fiheralace c.1. =

measured, the opposite side was used.
The bottom margin of the pingo was
defined as the point at which there was a
noticeable break in slope or change in
vegetation. In a few cases there was no
abrupt change, and in this instance it was
estimated as a point on the landscape
where the slope was zero. A common
problem was the presence of a colluvial



Table 1. Locations of the forty-one pingos and the microsites sampled on each pingo. Microsite numbers refer 10 locations shown in

Fig. 12.
Number Name Latitude/Lon gitude Study Area Microsites Sampled
1 Flower T0°20°N, 148°4T'W Prudhoe Bay 1 through 7
2 Flower 2 T0°1T'N, 148747'W Prudhoe Bay I through 7
3 Berty TO°IT'N, 148°54W Prudhoe Bay 1 through 7
4 iBpl TO'16'N, 148"34W Prudhoe Bay 1 through 7
5 Prudhoe Mound 70°17'N, 148°29'W Prudhoe Bay 1 through 7
6 Angel T70°17T'N, 148°46'W Prudhoe Bay 1 through 7
7 Beny2 69°47'N, 149°08'W Toolik River I through 7
8 Mandy 70°02'N, 148°01'W Kadleroshilik 1 through 7
9 Grizzly 69°48'N, 147°54'W Kadleroshilik | through 7, plus additional erect
low shrub community on south
slope
10 DAW 69050'N, 147°55'W Kadleroshilik | through 5 plus additional
snowbank community, erect low
shrub community on south slope
11 NLP 69°56'N, 147°41'W Kadleroshilik 1 through 7
12 Jones Mound T0°30'N, 149°31'W Kuparuk 1,2, 4 through 7
13 Everent T0°17'N, 148°11'W Kuparuk 1 through 7, plus additional late-
lying snowbank at base of leeward
side
14 Hale TO'1S'N, 148°46'W Prudhoc Bay 1 through 7
15 Percy T70°00'N, 148°46'W Toolik River 1 through 7, plus additional steppe
community on south slope
16 C603 70°18'N, 149°27'W Kuparuk 1 through 7
17 Gull 70°20'N, 148°47W Prudhog Bay i through 7
18 Michelle T0°20'N, 148°54W Prudhoe Bay 1 through 7
19 Kite 70°19'N, 149°24W Kuparuk 1 through 7
20 Lupine 70°20'N, 149°34'W Kuparuk 1 through 7
21 Bone 70°17'N, 149°57W Kuparuk 1 through 7
22 Sagavanirktok TO'I2'N, 149°12'W Prudhoe Bay 1 through 7
23 Loon 70°18'N, 149°12W Kuparuk 1 through 7
24 Webber 70°18'N, 149°31'W Kuparuk 1 through 7
25 Oliktok 70°28'N, 149°48'W Kuparuk 1 through 7
26 Moose 69°46'N, 149°0T'W Toolik River 1 through 7
27 Caribou 69°46'N, 149°07'W Toolik River 2, 4 through 7
21 Bone TULIN, 1891w Kuparuk 1 through 7
22 Sagavanirktok TOTI2Z'N, 149°12'W Prudhoe Bay 1 through 7
23 Loon T0°18'N, 149°12'W Kuparuk 1 through 7
24 Webber TO'18'N, 149°31'W Kuparuk 1 through 7
25 Oliktok TO'28'N, 149°48'W Kuparuk 1 through 7
26 Moose 69°46'N, 149°07'W Toolik River | through 7
27 Caribou 69°46'N, 149°07'W Toolik River 2, 4 through 7
28 Parmigan 69°4T'N, 149°04'W Toolik River 1 through 7
29 Dowitcher 69°46'N, 149°05'W Toolik River 2 through 7
30 Jaeger 69°47'N, 149°07'W Toolik River { through 7
31 Eagle 69°48'N, 149°07W Toolik River | through 7
32 Longspur 69°48'N, 149°09°W Toolik River 2 through 7, pius frost boil in moist

tundra in polygon rough on SW

Table | (continued)-

34
kM
36

Euphrates 70°18'N, 149°11'W
Pingok 70°27'N, 149°22°W
Nancy T0°17T'N, 148740'W
Pintail 69°43'N, 148°48'W
Porsild T70°17'N, 149°11'W
Koranda 70°17N, 149°10W
Muffin T0°17'N, 149°10W
Kadleroshilik T0°03'N, 147°35W
Mound

Kuparuk
Kuparuk
Prudhoe Bay
Toolik River

Kuparuk
Kuparuk
Kuparuk
Kadleroshilik

1 through 7
1 through 7
1 through 7

2 through 7, plus additional
snowbed community

1 through 7
| through 3, 5 through 7

1 through 7

1 through 7, plus five additional
snowbank communities, fellfield in
valley on top, tussock tundra area,
and two additional south slope
cormunitics

_—
1 Called *Weather Pingo” by Brocken (1982) and Rawlinson (1984); lies within the IBP stody area.
2 Called "Toolik Pingo”™ by Koranda (1970).

3 Name used by Brocken (1982).
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Figure 10. Map of the road network in the Prudhoe Bay and Kuparuk oil fields.
Sampling within these regions was constrained to sites that could be easily reached
from a road.
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Table 2. List of data recorded for each pingo.

| EW Diameter ,

(. NS Diameter

-

——2—

Information Measurement Type

Height meters

North-south diameter meters

East-west diameter meters

Shape Describe, note deviations from expected hemi-
spherical shape, characterize slope angle on all
sides

Type Steep-sided or broad-based

Disturbance Description, intensity (scalar)

Landscape unit and
regional terrain type
Geomorphic features

Units of Walker and Acevedo (1987)

Describe, indicate size and extent on pingo

(includes ice wedges, polygons, contraction
cracks, unstable slopes, colluvial apron, etc.)

Surrounding vegetation Walker (1983) level B units
Distance to coast kilometers
Distance to nearest pingo kilometers

Distance to major rivers

kilometers to Sagavanirktok, Kuparuk, Toolik,

Putuligayuk, and Kadleroshilik rivers

changes, one each at the top and bottom
of the colluvial apron. This feature was
well developed on some pingos and
missing on others. When there was a
clear colluvial apron present, two sepa-
rate diameter measurements were made,
one of the entire pingo, and one of the
area above the colluvial apron.

Height was estimated by standing at
the base of the pingo and locating with a
leveling device the point on the slope
one of the entire pingo, and one of the
area above the colluvial apron.

Height was estimated by standing at
the base of the pingo and locating with a
leveling device the point on the slope
that was level with the eye. The invest-
gator then walked to this spot and re-
peated the procedure. Height was deter-
mined by multiplying the height of the
observer’s eye by the number of incre-
ments necessary toreach the top. Eleva-
tion is accurate to within one-half meter.
Height was estimated on at least two
sides of the pingo. A third estimate was

made if these differed by more than 0.5
m. Estimates were averaged to obtain
the final value. Surface area was esti-
mated by presuming the pingo was a
perfect spherical sector (Fig. 11).
Scalar measurements were taken on
type and extent of the disturbances pres-
ent on the pingo (Tables 3 to 5). The
primary purpose of the scalars was to aid
in note-taking and to give a degree of
constancy to the descriptions. The re-
type and eXtént of the disturbances pres-
ent on the pingo (Tables 3 to 5). The
primary purpose of the scalars was to aid
in note-taking and to give a degree of
constancy to the descriptions. The re-
mainder of the information was primar-
ily descriptive. Information on land-
scape units and regional terrain type was
according toWalkerand Acevedo(1987)
(Table 6). Distances to the coast and to
rivers were obtained from USGS
1:250,000 Beechey Point and Sagava-
nirktok quadrangles. Distance to the
nearest pingo was measured on 1:60,000

Topographic map of pingo no. 24
{Contour interval=1.5m)

Estimated diameter =

NS+EW
2

Area of a spherical sector:

Pingo area (Ap)=A;-Ap

_Trr4h

Ap >

Figure 11. Diagram illustrating the method used to estimate diameter and total
surface area. A and B are three dimensional shapes shown in side view. Aa is the

estimated surface area.

CIR photographs. Photographs of the
entire pingo were taken from four com-
pass directions on the ground, and verti-
cal orslightly oblique aerial photographs
were taken when a plane or helicopter
was available (pingo nos. | through 11
entire pingo were taken from four com-
pass directions on the ground, and verti-
cal orslightly oblique aerial photographs
were taken when a plane or helicopter
was available (pingo nos. 1 through 11
and 41).

A complete vascular plant species
list was made prior to sampling any
vegetation. This survey took 20 to 60
minutes depending on the size of the
area. At the end of sampling the pingo
was checked again for any species that
might have been missed.

Detailed vegetation and soil
descriptions were made at the same seven
micrositeson each pingo (Fig. 12). These
seven microsites consistently show the
major community typesona given pingo,
although there are gften minor types not
descriptions were made at the same seven
micrositeson each pingo (Fig. 12). These
seven microsites consistently show the
majorcommunity typesona given pingo,
although there are often minor types not
included within these microsites. The
samples were located by first locating
the microsite on the pingo, and then
visually determining the predominant
vegetation at that microsite. A stake was
placed in the center of the dominant
vegetation type, so thatthe entire sample
would be within aregion of homogeneous



Table 3. Scalar values to measure amount of debris and structures on entire pingo.

Scalar Meaning

0 no debris or structures

1 small bits of trash present, easily removed

2 small permanent structure (e.g. benchmark)
present or somewhat larger debris

3 considerable debris present that is not easily
removed

4 large permanent structure present or large
abandoned machinery

5 entire surface disturbed, covered by debris or

structures

Table 4. Scalar values used to measure excavation disturbance on the entire pingo.

Scalar Meaning

0 no excavation

1 minor excavation; 1 to 5 small pits < 0.5 m
diameter

2 moderate excavation; many small pits or 1 pit
0.5to 1.5 m diameter

1 minor excavation; 1 to 5 small pits < 0.5 m
diameter

2 moderate excavation; many small pits or 1 pit
0.5to 1.5 m diameter

3 major excavation; more than 1 pit > 0.5 m
diameter

4 small open pit mine

5 extensively mined

Table 5. Scalar values used to measure degree of vehicle disturbance on entire pingo.

Scalar Meaning
0 no disturbance
1 very minor disturbance; well-recovered vegetation in 1 track
2 minor disturbance; well-recovered vegetation in more than 1 track
3 moderate disturbance; 2 to 5 tracks with poorly recovered vegetation
4 major disturbance; large areas disturbed by multiple tracks, poorly
recovered vegetation
5 severe disturbance; <60% of original vegetation remains
6 very severe disturbance; <30% of original vegetation remains

Table 6. Codes used for general landscape and regional terrain type descriptions.

Code

1

General Landscape Unit
drained thaw-lake basin
inter-thaw-lake area
lake

fluvial area

other (specify)

Regional Terrai

fluvial area

other (specify)

Regional Terrain Type
flat thaw-lake plain
genily rolling thaw-lake plain
floodplain

hills




ANGEL PINGO, PRUDHOE BAY REGION, ALASKA
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Figure 12, Topographic map of Pingo 6 (Angel) witha 1.5 m contour interval. The
sevenmicrosites sampling locations are labeled as (1) ENE wind-exposed, (2)summit,
(3) dry leeward side above snowbank, (4) middle of snowbank on leeward side (well-
drained), (5) bottom of snowbank at leeward base of pingo (poorly-drained), (6)
south slope, (7) north slope. (Topographic information from Air Photo Tech 1979.)

vegetation. Sample centers were all
located at the same time, and a sketch of
their locations was made.

In a few cases one or more of the
microsites were apparently not present,
The most common example was the
wind-exposed side, which was often
missing on pingos located more than 40
km from the coast. A microsite was
considered missing if the vegetation at
that location was contiguous and

homogeneous with another sampled site.

A lace ramman nrahl u th,
missing on pingos located more than 40

km from the coast. A microsite was
considered missing if the vegetation at
that location was contiguous and
homogeneous with another sampled site.
Alesscommon problem was the presence
of more than one vegetation type at a
given location. This was most common
on the south slopes, where there was
often one type associated with animal
dens and another relatively undisturbed
type. If the additional vegetation type
covered more than 30 percent of the
surface area it was sampled as a separate

relevé. Table 1 lists the muicrosites
sampled for each pingo.

Vegetation was described in 12.5 m?
relevés. Relevés were established by
measuring out a circle 2 m from the
stake, to form a 12.5 m? area. This size
relevé is within the range recommended
by Westhoff and Maarel (1978) for these
vegetation types, and it is small enough
to remain within homogeneous stands if
the center point is carefully chosen. Low
erect shrub (0.5 m height) communities
By W esion! did Maar (15 T8 Tor thitke
vegetation types, and it is small enough
to remain within homogeneous stands if
the center point is carefully chosen, Low
erect shrub (0.5 m height) communities
were present at some of the more south-
ern sites, and in these areas the relevé
size was doubled to 25 m? by measuring
a circle of radius 2.8 m. This is the
minimal area recommended for sam-
pling shrub communities (Westhoff and
Maarel 1978), where larger relevés are
necessary in order to adequately charac-
terize the vegetation.

Table 7. List of growth forms used for cover estimates in relevés.

Erect low shrub (15 to 50 cm)
Dwarf shrub (5 to 15 cm)
Prostrate shrub (<5cm)
Graminoid
Forb (includes pteridophytes)

Moss

Crustose lichen
Foliose lichen
Fruticose lichen
Bare ground

Rock

Visual estimates of percentage cover
were made first for growth form (Table
7), and this total value was then distrib-
uted between the individual species
within the growth form. Valuesbetween
one half and one percent were recorded
as a ‘++’, values less than one half per-
cent as ‘+’. Small lichens and hepatics
(for example Anastrophyllum minutum)
were often missed in the field, but were
included in the data later when observed
in the laboratory and recorded simply as
present (cover value of ‘+’).

Visual estimates of cover allow for
extremely efficient data collection, and
they were quite suitable for the purposes
of this study. The primary purpose was
to document the presence of all species
within a microsite, and cover wasused as
a quick estimate of relative dominance.

vALLILILLY VILIVIVIIL Gitie Sotivw Uty ine
they were quite suitable for the purposes
of this study. The primary purpose was
to document the presence of all species
within a microsite, and cover wasused as
a quick estimate of relative dominance.
The presence of species directly outside
the relevé but not included within was
noted. Gauch (1982) warns thatattempts
at exact quantification of plant cover
yield little orno extra information for the
amount of effort involved, and Poore
(1962) states that it is not often possible
to collect enough exact quantitative data
to determine community patterns, and

that attempts to do so may hinder
progress. Community data are inherently
noisy, and this noise is often greater than
the errors from visual estimation (Orloc{
1978). The use of visual estimates of
coverrather than a more time consuming
method greatly increased the total number
of pingos sampled, which increases the
amount of confidence in the descriptions
ofthe vegetation types. Enough different
pingos were sampled that the relative
regional rarity, or commonness, of a
given vegetation type can be stated with
a fairly high degree of confidence. The
placing of relevés in this manner
represents regular sampling, which is
recommended for determining responses
toenvironmental gradients (Gauch 1982).

A number of physical factors were
also measured at c‘:duch plot. Soil mois-

Prominig  va  avevsew  ate el iesmeeon
represents regular sampling, which is
recommended for determiningresponses
toenvironmental gradients (Gauch 1982).

A number of physical factors were
also measured at each plot. Soil mois-
ture, disturbance by ground squirrels,
fox, lemmings, bear, caribou, birds, and
humans, exposure to wind, snow cover,
site moisture, and stability were esti-
mated using scalar values (Tables 8 to
13). More quantitative physical meas-
urements were impractical or impossible
for these variables.



Table 8. Scalar values used to measure exposure to winds at individual plots.

Scalar Meaning
1 protected from winds
2 moderate exposure to winds
3 exposed to winds
4 very exposed to winds

Table 9. Scalar values used to measure soil moisture at each plot (modified from
Komidrkovd and Scott 1983).

Scalar Meaning

1 very dry; very small amount of moisture, soil does not stick together

2 dry; small amount of moisture, soil somewhat sticks together

3 damp; noticeable amount of moisture, soil sticks together but crumbles

4 damp to moist; very noticeable amount of moisture, soil clumps

5 moist; moderate amount of moisture, soil binds but can be broken
apart

6 moist to wet; considerable amount of moisture, soil binds and sticks
to fingers

7 wet; very considerable amount of moisture, drops of water can be
squeezed from soil

6 moist to wet; considerable amount of moisture, soil binds and sticks
to fingers

7 wet; very considerable amount of moisture, drops of water can be
squeezed from soil

8 very wet; large amount of moisture can be squeezed from soil

9 saturated; very large amount of moisture, water drips from soil

10 very saturated; extremely large amount of moisture, soilis more liquid

than solid

Table 10. Scalar values used to measure human and animal disturbance at each plot.

Scalar Meaning

0 no sign present

1 some sign present, no visible disturbance

2 minor disturbance or extensive sign

3 moderate disturbance; small dens or light
grazing

4 major disturbance; multiple dens or noticeable
trampling

5 very major disturbance; very extensive

tunneling or large pit

Table 11. Scalar values used to measure stability at individual plots.

Scalar Meaning
1 stable
2 subject to occasional disturbance
3 subject to prolonged but slow disturbance such

as solifluction

2 subject to occasional disturbance

3 subject to prolonged but slow disturbance such
as solifluction

4 annually disturbed

5 disturbed more than once annually




Table 12. Scalar values used to measure duration of snowbank following melt
out at each plot.

Scalar Meaning
1 snow-free all year
2 snow-free most of winter, some snow cover persists after storms
but is blown free soon afterward
3 snow-{ree prior to regional melt out but with snow most of winter
4 snow-free immediately after melt out
5 snowbank persists 1 to 2 weeks after melt out
6 snowbank persists 3 to 4 weeks after melt out
7 snowbank persists 4 to 8 weeks after melt out
8 snowbank persists 8 to 12 weeks after melt out
9 very short snow-free period
10 snow covered all year

Table 13. Scalar values used to measure site moisture at each plot (modified
from Komdrkov4 and Scott 1983).

Scalar Meaning

1 extremely xeric, almost no moisture; no plant growth

2 very xeric, very small amount of moisture; dry sand dunes

3 xeric, small amount of moisture; stablized sand dunes

4 subxeric, noticeable amount of moisture; well-drained slopes,
ridges

5 subxeric to mesic, very noticeable amount of moisture; flat, gently
sloping surfaces

6 mesic sites, moderate amount of moisture; flat shallow depressions

3 xeric, small amount of moisture; stablized sand dunes

4 subxeric, noticeable amount of moisture; well-drained slopes,
ridges

5 subxeric to mesic, very noticeable amount of moisture; flat, gently
sloping surfaces

6 mesic sites, moderate amount of moisture; flat shallow depressions

7 mesic to subhygric, considerable amount of moisture; depressions

8 subhygric, very considerable amount of moisture; saturated but
with < 5% standing water < 10 cm deep

9 hyegric, large amount of moisture; 100% of surface under water 10
to 50 cm deep; lake margins, shallow ponds and streams

10 hydric, very large amount of moisture; 100% of surface under

water 50 to 150 cm deep; lakes, streams

Species Identification

Specimens of all vascular plants and
cryptogams were collected from each
plot, pressed, and returned to the labora-
tory for identification. Additionally,
voucher specimens of all species recorded
in the study were collected. Vascular
specimens were deposited in the Univer-
sity of Colorado and University of Alaska
herbaria. Hultén (1968) was the primary
reference for the majority of the vascular
plants, and Polunin (1959), Wiggins and
Thomas (1962), and Welsh (1974) were
also occasionally used. Argus (1973)
was used for Salix, and Mulligan (1970,
1971a,b, 1972,1974a,b,1975,1976) was
used for Draba. Dr. David Murmray,
curator of the University of Alaska Her-
barium, verified most of the vascular
specimens, and Dr. William Weber of
the University of Colorado Herbarium
also verified a large group. Nomencla-
ture is according to Hultén (1968), with
the exception of a few species not in-
cluded there.

Bryophytes and lichens were col-
lected from each plot as a group, dried,
returned to the laboratory, sorted, and
placed into packets prior to identifica-
tion. Sources used for identification of
bryophytes were Nyholm (1954-1969),
Arnell (1956), Lawton (1971), and Crum
and Anderson (1981), and for lichens
Hale (1979), Kamefelt (1979), and
Thomson (1979, 1984). A small subset
of lichens was sent to Dr. John Thomsan
bryophytes were Nyholm (1954-1969),
Amell (1956), Lawton (1971),and Crum
and Anderson (1981), and for lichens
Hale (1979), Kamefelt (1979), and
Thomson (1979, 1984). A small subset
of lichens was sent to Dr. John Thomson
of the University of Wisconsin for veri-
fication. Because of inexperience with
these groups, particularly the bryophytes,
and also because of time constraints and
inherent difficulties with these groups,
many specimens were identified only to
genusor family level. Specific problems

are discussed in Appendix A, annotated
species list.

Climate and Snow

Climate data. Limited climatic data
were recorded on Pingo 1 in August
1586. Three Belfort continuous strip-
chartrecording temperature instruments
were placed on the north slope (NO’E),
south slope (N 180°E), and summit of the
pingo. A 30 x 30 x 60 cm hole was dug
next to each instrument and filled with
clean gravel. The same gravel source
was used for all holes. Temperature
probes were placed directly below the
surface in this gravel in order to measure
ground surface temperature. Slope angle
on both sides was 30°. The instruments
were calibrated indoors before setting
them in the field, and again after set up.

A weather shelter was erected ap-
proximately 100 m southeast of the pingo.
A single Belfort instrument inside meas-
ured shelter air temperature and ground
temperature simultaneously. The ground
temperature probe was treated in the
same manner as it was on the pingo.
Solarradiation was measured by a pyrhe-
liometer placed on top of the shelter.

Snow transects. Transects of snow
depth were made in May 1986 on pingos
1,3, 4, and 24, when the snow pack was
at or near maximum depth (Benson et al.
1975). A point on the summit was se-
lected as the starting noint for the

Snow transects. Transects of snow
depth were made in May 1986 on pingos
1, 3, 4, and 24, when the snow pack was
at or near maximumdepth (Benson et al.
1975). A point on the summit was se-
lected as the starting point for the
transects. A 100 m tape was laid out
from this point along the direction of the
transect, and measurements of snow
depth were taken every one to three
metersusing an avalanche probe skipole.
The intent was to characterize the shape
and extent of the snow cover, so that in



many areas measurements every meter
were notnecessary. Transects were taken
due north and south, and also along the
primary wind vector (N75°E and
N255°E). The broad-based pingo, no.
24, was measured along an east-west
transect instead of along the primary
wind vector. Length of the transects
varied; transects were at least 100 m
long, and ended when the snow depth
leveled off and was therefore presumed
to be away from any snow accumulation
caused by the pingo. Transects were
marked every 100 m and at the end with
a brightly colored stake, so they could be
casily relocated the following summer.

The snow transects were surveyed in
August 1986 using a Wild Heerbrugg
tripod-mounted level and a stadia rod.
The level was set up on the transect
starting point, and the elevation differ-
ence between that point and selected
points every one to three meters along
the transect was measured. Care was
taken to get sufficient data to character-
ize breaks in slope. Snow and elevation
data were combined to produce illus-
trations of snowbank shape. Vegetation
along the transect was recorded by
naming the plant communities accord-
ing to visual dominants (Walker 1983),
and then noting the extent of each com-
munity along the transect meter marks.

Climate indices. Because it wasim-
possible tocollect temperature data from
and then noting the extent of each com-
munity along the transect meter marks.

Climate indices. Because it wasim-
possible to collect temperature data from
each plot, two indices of regional tem-
perature and microclimate were used
instead. Haugen and Brown’s (1980)
regressions of temperature and thaw-
degree-days indicate that both variables
are highly correlated (r 2 .90) with dis-
tance to the coast. Thus, distance to the
coast was used in the analysis as a meas-

ure of temperature. This is more direct
than estimating temperature values from
the regression and using that as a value;
the relationship with other variables
would be the same in either case.

Temperature as estimated by the
Haugen and Brown equations is useful
forlooking at regional trends, butcannot
be used to compare microclimatic ef-
fects. For this, equivalent latitude was
calculated for each plot, based on Lee’s
(1962) equation:

@ = arcsin (sin k cos h cos 6+
cos k sin 6) )

where: @ - equivalent latitude
k - degrees of slope from
horizontal
h - azimuthal degrees
from north
0 - actual latitude.

Equivalent Iatitude is a measure of po-
tential solar radiation and is therefore an
indirect measure of temperature. Ide-
ally, a temperature estimate would ac-
count for regional variation in conjunc-
tion with slope and aspect differences.
This is particularly important in arctic
regions where the low sun angle ampli-
fies solar radiation differences.

Soils

Fieldmethods. Soils weredescribed
fies solar radiation differences.

Soils

Field methods. Soils weredescribed
immediately next to the vegetation
samples. A pit was dug to 60 cm or to
permafrost, whichever came first, and
soils were described according to Soil
Survey Staff (1975). Carbonate and silt
morphologies were also described (Gile
et al. 1966, Forman and Miller 1984). A
small sample (approximately 150 g) was

collected from each horizon. Soils were
not described on pingo 41, but the upper-
most horizon wascollected at each relevé,

Laboratory analyses. Soil pH was
determined on the uppermost horizon (A
or O horizon) in the laboratory. Ap-
proximately 5 g of soil were mixed with
distilled water until a saturated paste
(Jackson 1959) was formed, which was
left covered for one hour; then pH was
measured with a Chemtrix Type 400 pH
meter.

Analyses of organics and carbonate
minerals were done on surface horizons
of all samples from pingos 1-6, 13, and
16. Percentage organic carbon and or-
ganic matter were determined using the
Walkley-Black potassium dichromate
method (Walkley and Black 1935).
Percentages of calcite (CaOOJ) and dolo-
mite (MgCO,) were determined using a
Chittick gasometric apparatus that meas-
ures liberated CO, following addition of
HCI (Dreimanis 1962; Nelson 1982b).
Carbonate equivalent was calculated as
the sum of the calcite and dolomite per-
centages.

Two variables necessary for classifi-
cation of these soils are percentage or-
ganic carbon by weight and base satura-
tion. For those soils on which laboratory
analyses were not completed, organic
carbon was estimated based on the color,
feel, and taste of the soil in the field.
Very few of these soils are sufficiently
tion. For those soils on which laboratory
analyses were not completed, organic
carbon was estimated based on the color,
feel, and taste of the soil in the field.
Very few of these soils are sufficiently
organic to be classified as histic, so this
was not a major problem. Base satura-
tion does not need to be known exactly,
but it is necessary to determine if it is at
least 50%, which is the minimum needed
toclassifya soil asa Mollisol. Base satu-
ration is correlated with pH, and was

presumed to be at least 50% when the pH
was greater than 5.5.

Geological Nomenclature

Hopkins (1982) proposed a time-
stratigraphic nomenclature correspond-
ing to major phases of the Wisconsin-
Weichselian climatic cycles in Beringia,
covering the interval between 120,000
and 8,000 BP. This nomenclature will
be used whenever possible. The inter-
vals and corresponding Brooks Range
glacial sequences are in Fig. 13.

Data Analysis
Data Management

Data were entered onto the CYBER
computer at the University of Colorado
for analysis. At each stage of data en-
trance or reduction, a series of checks
was used to ensure accuracy. FOR-
TRAN programs designed specifically
for reduction and analysis of community
data samples were used for the majority
of the analyses (Walker 1986). These
programs primarily allow for display of
the data in a wide variety of formats.
This allowed for checking of the data
directly against the field notes. The
SPSS statistics package (Nie et al. 1975,
Hull and Nie 1979) was used to generate
all statistics except where otherwise
noted. Descriptive statistics are pre-
directly against the field notes. The
SPSS statistics package (Nie et al. 1975,
Hull and Nie 1979) was used to generate
all statistics except where otherwise
noted. Descriptive statistics are pre-
sented in the text as mean + standard
error of the mean.

Classification

The primary goal of the classification
was to develop a useful set of entities



BROOKS RANGE
GLACIAL
SEQUENCES

{HAMILTON 1986)

UNGLACIATED
BERINGIA

{HOPKINS 1982)

(stand types) that could be used to
describe the pingo vegetation and on
which further analyses could be based.
The arranged table technique of Braun-
Blanquet (1932) is considered by many
to represent the most efficient and
meaningful classification tool available
(Moore etal. 1970, Westhoff and Maarel

A three-level hierarchical classifica-

producing new units that were inade-
quately or incompletely described, be-
cause the regional vegetation is not well
understood nor has it been described in
this system. The groups as defined rep-
resent the three data subsets, and are
most comparable to the alliance concept.
The stand type was the basic unit, and all

o 1978). Animportantdifference between  samples were assigned at least this far.
a purely mathematical arrangement and ~ Most stand types could be further di-
10 BIRCHLI-z a hand arrangement is that a hand- vided, and this division was called the
—INTERVAL arranged table can be developed reflect-  facies. Inone instance, twofacies formed
20 OUVANNY YAR ITKILLIK < ing regional patterns and trends that  adistinct group within a stand type, but
INTERVAL PHASE il cannot berigidly defined mathematically.  were still obviously allied to that stand
_";./’/ Classification of speciesand samples  type. This was defined as a subtype, and

30 into an arranged table was done usinga  was used only in this one case.
three-step process. The first step was to The table was arranged by differen-
o 40 |- split the samples into three subsets, one  tiating species, which is how the entities
i containing samples from the ENE wind-  were defined. A species was considered
v 59| BOUTELLIER exposed sides and north slopes (mi-  differentiating if it occurred in at least
a INTERVAL crosites 1 and 7), one containing samples ~ 50% of the samples in a given entity, and
b= from the summits and south slopes in no more than 33% of the remaining
o 60 - (microsites 2 and 6), and one containing  samples. A second class of species was
o6 | --—- = TTTT====" samples from the snowbeds (microsites  defined that were in less than 50% of the
270 HAPPY ITKILLIK 3,4,and 5). Reciprocal averaging (RA)  samples, but that were highly faithful to
g INTERVAL PHASE ! ordination was applied to the data in  the entity. These are termed associated
aso each subset using FORTRAN program  species, and they occur in either at least
x DECORANA (Hill 1979),and atable of = 40% of the samplesin an entity and in no
species by samples was produced ac-  morethan25% of the remaining samples,
S0 - cording to the order along the first RA  or at least 50% of the their total occur-
axis. RA results in maximum correla- rences are in that entity. Associated
100 - tion between species and sample scores,  species are placed separately underneath
and is therefore useful as a tool for pre-  differentiating species in the table. En-
10 liminary arrangement. This was fol- tity names consist of the level followed
lowed by hand sorting of the tables to by two or three species that are most
201 PELUKIAN __SANGAMON D e ety o LKA Imporiant i GSTNITE e entty, AT
100 |- tion between species and sample scores,  speciesare placed separately underneath
and is therefore useful as a tool for pre-  differentiating species in the table. En-
1o liminary arrangement. This was fol-  tity names consist of the level followed
lowed by hand sorting of the tables to by two or three species that are most
produce the final classes. FORTRAN  important in defining the entity. An
120 = R :NESL#RKEIQ‘QION |NTE égfﬁéﬂ%m\; program LISTEML, written by Marga-  example would be Stand Type Ceras-
ret Eccles, wasusedtoproducethesorted  tium beeringianum - Ranunculus pedati-

130 tables. fidus.

tion was used. From highest to lowest,  Ordination

hierarchical levels were: (1) group, (2)

stand type, and (3) facies. The standard Ordination is a method of arranging
syntaxa names of association, alliance, non-discrete data in an orderly spatial
and order were notusedin ordertoavoid  structure. It reduces complex

Figure 13. Hopkins' (1982) time-stratigraphic squence for the non-glaciated
portions of Beringia, and the corresponding Brooks Range glacial sequences of
Hamilton (1986). (Redrawn from Hopkins [1982] in part.)



multivariate data into low dimensionality.
Detrended correspondence analysis
(DCA) (Hill 1979, Hilland Gauch 1980)
was the method used to produce the
ordinations. DCA is an eigenanalysis
technique which, although it uses a
different computational route, is really a
specialized type of principal components
analysis that takes into account, and
corrects for, the inherent nonlinear
structure of community sample data
(Pielou 1984). DCA has been widely
used and is accepted as a standard
technique. Output from the ordinationis
a series of four scores for each sample
and species, whichrepresent coordinates
in four-dimensional space. These are
usually represented two at a time, so that
two-dimensional plots can be drawn.
DCA units are consistent and have
extrinsic meaning. They are called “SD
units” (for average standard deviation of
species turnover, Gauch 1982), and one
SD represents approximately a 50%
change in sample composition.
Wartenberg et al. (1987) have cautioned
that there may be a problem with the
definition of SD units in concrete terms,
because the method used to rescale the
axes is essentially an arbitrary mathe-
matical model not necessarily related to
ecologicalreality. Nevertheless, SD units
are still a useful measure of floristic
distance, and DCA axes represent
changes in floristic composition of
samples. DCA ordinations were done
using program DECORANA (Hill 1979).
gt o HSe BECEs KTy REEs o
ecological reality. Nevertheless, SD units
are still a useful measure of floristic
distance, and DCA axes represent
changes in floristic composition of
samples. DCA ordinations were done
using program DECORANA (Hill 1979).
Plots of the ordination were produced
with program PICTURE.

Twelve separate ordinations were
completed. The first three were based on
the flora of each pingo using presence
and absence data (i.e. each species pres-
ent is given an abundance of 1). These

were done for all species, for vascular
species only, and for cryptogam species
only. The next set was based on the
individual sample plot data. This in-
cluded an overall ordination of all plots,
separate ordinations for each of the four
morphological classes, and separate
ordinations for each of the seven mi-
crosites.

Relationship between ordination
and classification. Ordination was also
used as a tool to relate the classification
units to each other and to the environ-
mental variablesinthe manner of Webber
(1971) and Komdrkova (1979). A com-
posite sample was calculated for each
classification unit. This composite con-
tained all species found in all samples
within the unit. The calculated abun-
dance value was the mean cover for that
species across all the samples. This
composite set was then ordinated and
plotted in two dimensions. Environ-
mental data were correlated with ordina-
tion axes using Spearman rank correla-
tion (Sokal and Rohlf 1969).

Floristics

Floristic analyses were done for
vascular species using a slightly modi-
fied version of the method of Walker
(1985a). Each species is assigned a
value in three independent categories:
(1)broad environmental region, (2) north-
ernmost limit, and (3) geographic range.
TarlG ALY ANAIYALS "WetE" GBI TS
vascular species using a slightly modi-
fied version of the method of Walker
(1985a). Each species is assigned a
value in three independent categories:
(1) broad environmentalregion, (2) north-
ernmost limit, and (3) geographic range.
Table 14 lists the units in each category.
The environmental regions were called
ecological zones by Walker (1985a), but
theirdefinitionrepresents acombination
of physiographic and vegetation factors,
so environmental regions seems a more
anpropriate term. Northernmost limit

Table 14. Classes used for the floristic analysis. Environmental regions and
geographic ranges are modified from D.A. Walker (1985a); northern limit is from

Young (1971).

Environmental Regions: Arctic
Arctic-alpine
Arctic-boreal
Coastal

Geographic Range:

Circumpolar

W N America-Asia-Europe

N America-Asia

N America

Western N America

Eastern N America

N America-Asia, concentrated in N America
N America-Asia, concentrated in Asia
Beringian endemic

Alaskan-Yukon endemic

Northernmost Limit; Zone 1
Zone 2
Zone 3
Zone 4

wasdefined using Young’s (1971) zones.
I used Walker’s (1985a) classifications
in most cases, but I checked each one
against the maps in Hultén (1968) and
made revisions as necessary. The geo-
graphic range categories used by Walker
(1985a) had a single category for North
American-Asian species. This is per-
haps the most important category with

in most cases, but I checked each one
against the maps in Hultén (1968) and
made revisions as necessary. The geo-
graphic range categories used by Walker
(1985a) had a single category for North
American-Asian species. This is per-
haps the most important category with
regard to this study, because Walker
demonstrated that these species are pri-
marily found in dry habitats. Thus, I
divided it into four categories: (1) North
American-Asian—species with broad
distributions on both continents, (2) North

American-Asian, concentrated in North
America—species with primarily North
Americandistributions that also occur in
northeastern Siberia, (3) North Ameri-
can-Asian, concentrated in Asia—spe-
cies with primarily Asian distributions
that also occur in Alaska, and (4) Ber-
ingian endemic—species limited to
Alaska and northeastern Siberia. Walker

—————— mp - e e pmmmmre—mg = e

American distributions that also occurin
northeastern Siberia, (3) North Ameri-
can-Asian, concentrated in Asia—spe-
cies with primarily Asian distributions
that also occur in Alaska, and (4) Ber-
ingian endemic—species limited to
Alaska and northeastern Siberia. Walker
included species endemic to Alaska and
Yukon as western North America, but
here it was considered important enough
to stand on its own. The remaining
categories are equivalent to those de-
fined by Walker (1985a).



Species Diversity Indices

The Shannon-Wiener (Shannon and
Weaver 1949) index of species diversity
was calculated for each plot. This is the
most commonly used diversity index
thatconsiders speciesrichnessand even-
ness (Pielou 1975). This formula is:

H' = -Splogp, ©

where H' is theindex value, and p, is the
fraction of total number of individual
belonging to the ith species. Fraction
percent cover was used here rather than
number of individuals. The actual bio-
logical meaning of H' has been ques-
tioned (Hurlbert 1971), but in this case
no specific interpretation is being ap-
plied to it, other than a relative measure
of diversity that includes evenness within
it. The number of species was used as a
simple measure of richness.

Definition of Morphological Classes

Some measure of pingo age isneeded
in order to characterize the successional
sequences. At this time, however, there
is no known way of getting this value.
Geomorphicdevelopmentof pingos, and
the relationships with the surrounding
landscape, are reasonably well under-
stood (Mackay 1979; Walker 1985a),
and this information was used to define
four morphological classes.

While the processes that define the
classes are time-dependent, these classes
are not defined by age, as we have no
firm idea what the lengths of time in-
volved are. Also, pingos may develop at
different rates depending on the particu-
lar circumstances under which they
formed. Thus, there may be overlap in
the actual ages between different mor-
phological classes.

CHAPTER IV

VEGETATION AND ENVIRONMENTAL GRADIENTS

This chapter addresses the first two
goals of the study: (1) tocharacterize the
vegetation and associated soils of the
pingos, and (2) to describe the primary
environmental gradients controlling the
vegetation. The basic morphology of the
study pingos is also described in this
chapter. Besides the basic goal of de-
scribing this vegetation, which has never
been done, there are two secondary ob-
jectives. The first is to determine how it
relates to the regional vegetation and to
the circumpolar vegetation. Thisis done
in aqualitative way, by comparing asso-
ciationtables and stand descriptions. The
other secondary objective is to deter-
mine if there are communities present on
the pingos that are related to steppe types
described from isolated areas in north-
eastern Siberia (Yurtsev 1962, 1963,
1968, 1972a,b, 19743, 1978, 1982), inte-
rior Alaska (Young 1982, Murray et al.
1983), and the Brooks Range (Cooper
1986, 1989).

Because there is no uniform system
forclassifying vegetationin North Amer-
ica, comparison with other studies is
difficult, and can only be done in a gen-
eral way. Gjaerevoll (1954, 1968, 1980),
Lambert (1968), and Cooper (1986) have
applied a floristic classification to alpine
ica, comparison with other studies is
difficult, and can only be done in a gen-
eral way. Gjaerevoll (1954, 1968, 1980),
Lambert (1968), and Cooper (1986) have
applied a floristic classification to alpine
vegetation, which is helpful, as much of
the pingo vegetation is allied to alpine
types. Viereck and Dyrness’ (1980;
Viereck et al. 1986) statewide classifica-
tion is of limited use in making inter-site
comparisons. This classification is based
primarily on growth form, so that the
dwarf shrub tundras of the pingos are
related to other shrub types rather than
the herbaceous types with which they

intergrade. The goal here wasto produce
summary tables and descriptions of flo-
ristically defined vegetation units so that
these types can be integrated into future
classification systems.

The second partof the chapterrelates
to the environmental gradients. There
are two questions asked. The first, “Are
temperature and soil chemistry gradi-
ents major controls of pingo vegetation?”
stems from the work of Walker (1985a)
who illustrated that these are important
gradients in controlling the vegetation at
Prudhoe Bay. That study concentrated
onindividual species response, however,
and not on the vegetation as a unit, and it
also did not consider the relative impor-
tance of the two gradients. Thus, the
second question is, “Do these gradients
act independently, and if so, which is
most important in determining vegeta-
tion distribution?” This question is
considered for the entire flora, and for
the vascular and cryptogam floras sepa-
rately.

Physical Description of Study Pingos

The physical character of the pingos
sampled varies considerably between
pingos, and there are also differences
Physical Description of Study Pingos

The physical character of the pingos
sampled varies considerably between
pingos, and there are also differences
among the study areas (Table 15). Mean
size is generally larger in both the
Kadleroshilik and Toolik River areas,
primarily due to one very large pingo in
each of those areas. Nine of the 41
pingos were considered to be the broad-
based morphological type.

An important difference that has
major ecological implications is in mean
soil pH values. Mean pH is highest at



Table 15. Description of morphological and environmental variables in each study
area. Values are mean plus or minus standard error. Definitions of the variables are

in Chapter III.

Variable Prudhoe Bay Kuparuk Kadleroshilik ~ Toolik River
Height (m) 7110 7.3109 27.1£7.0 11.6£22
Minimum 91114 161+ 19 25193 119+ 19
diameter (m)

Maximum 117+23 258 £ 38 335+ 156 195+ 34
diameter (m)

Minimum .84+ 26 1.71£04 9.8+6.5 1.8+£0.5
area (ha)

Maximum 0.96+.26 2.8+0.6 154+ 11.0 35£14
area (ha)

Distance to 98+1.1 13.6+1.7 31.81+24 61.8+29
coast (km)

pH 7.06+ .32 6.56 .10 551+.33 6.88 + 28

Prudhoe Bay (7.1), while at Kadlero-
shilik it is only 5.5. This is due to the
deposition of calcareous loess down-
wind from the Sagavanirktok River
(Parkinson 1978; Walker 1985a). A
newly-formed pingo will presumably
have equivalent pH values across its
surface. In all the study areas this initial
pH would be approximately neutral or
slightly alkaline, due to high calcium
carbonate content in the parent material

(Parkinson 1978). Over time. however.
have equivalent pH values across its

surface. In all the study areas this initial
PH would be approximately neutral or
slightly alkaline, due to high calcium
carbonate content in the parent material
(Parkinson 1978). Over time, however,
the driest sites should accumulate car-
bonates, and pH should approach 8.0,
while in areas where organics accumu-
late or the soils are flushed occasionally,
asinasnowbank, pH should decrease. If
there is further eolian input of calcareous
materials, however, most sites will con-
tinue toremain around neutral. Thisisil-

lustrated by a negative correlation be-
tween pH and standard deviation of pH
(Fig. 14), which would not be expected
based on random factors or statistical
artifact.

While the sediments in which a pingo
ice core forms are generally limited to
sands and gravels, the overlying sedi-
ments are not so limited. These sedi-
ments may range in thickness from per-
haps as little as 1 m to over 14 m (on
Thunt Pinon near Tuktavalktnk N W T
ice core forms are generally limited to
sands and gravels, the overlying sedi-
ments are not so limited. These sedi-
ments may range in thickness from per-
haps as little as 1 m to over 14 m (on
Ibyuk Pingo near Tuktoyaktuk, N.W.T,
Miiller [1962]) or more. Most of the
Prudhoe Bay pingos have sandy gravels
or gravelly sands on their surface, which
are the predominant surficial materials
in this region. The exception is a strip of
land near the coast, where a silt of prob-
able marine origin forms the upper-most
layer (Rawlinson 1986¢,d,e). Pingos

.93" »

Standard deviation of pH

r= =53

09 —r r — — - \
469 5.13 557 6.01 8.46 6.89 7.33
Mean pH

Figure 14. Correlation between mean pH for a given pingo and standard deviation

of the mean.

number 3, 5, and 16 were drilled by the
U.S. Army Cold Regions Research and
Engineering Laboratory (CRREL) in

'1982 (Fig. 15) (Brockett 1982). Pingo 3

had 1.1 m of gravel overlying 12.1 m of
ice, and Pingo 5 had 2.2 m of gravel
overlying 9.1 mofice. Pingo 16 had 7m
of ice-rich coarse alluvium overlying
more than 21 m of ice with gravel. The
Tuktavaktuk ninsos. in western Canada.
had 1.1 m of gravel overlying 12.1 m of

ice, and Pingo 5 had 2.2 m of gravel
overlying 9.1 mofice. Pingo 16 had 7m
of ice-rich coarse alluvium overlying
more than 21 m of ice with gravel. The
Tuktoyaktuk pingos, in western Canada,
have either sand (on the ¢astern part of
the Peninsula) or stony clay (in the west)
on their surface (Mackay 1979).

Microclimate

Surface temperature data collected
from the north and south slopes of pingo

no. 1 in August of 1986 indicate consid-
erable slope and aspect effects on micro-
climate (Figs. 16 to 18, Table 16).
Average meantemperature between these
two sites varies by only 3.3°C, but the
average difference in maximum tem-
perature is 5.8°C, and was as great as
16.7°C (on 7 August). The lowest mini-
mum temperatures occur on the south

slobes. which is probably because this
two sites varies by only 3.3°C, but the

average difference in maximum tem-
perature is 5.8°C, and was as great as
16.7°C (on 7 August). The lowest mini-
mum temperatures occur on the south
slopes, which is probably because this
area is in shadow during the coolest part
of the day. These low minimum tem-
peratures on the south slope dampen
differences in mean temperatures com-
pared to other sites, and indicate that the
south slope has not only the warmest
temperatures but also the greatest range
of temperatures. An early fall storm
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Figure 15. Cores drilled from pingo nos. 4, 5, and 16 by CRREL (redrawn from
Brocken 1982).
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Figure 16. Mean daily temperature during August 1986.

30

22

Daily Minimum Temperature (*C)
N

Shaliter, air
Shelter, ground (mealc 1undra)

- Pingo summit

Pingo south slops
Pingo north slops

Day. August 1886

Figure 17. Minimum daily temperature during August 1986.
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Figure 18. Maximum daily temperature during August 1986.

passed through the area on 22 August,
and temperatures were at or near freez-
ing for over a week after this, which

minimized the differences between the
two slopes. Solarradiation data were not
calibrated, and there were many days of



Table 16. Mean temperature, August 1986, for standard height shelter, ground next
to shelter, and pingo summit, south slope, and north slope. Second figure is standard
error of the mean. Because some stations had missing data, the number of data points

for each is given as n.

MEAN MINIMUM MAXIMUM

Standard 4.6+ .63 2.1% .42 7.1+ .94
height shelter n=30 n=30 n=30

Ground next to 5.1+ .49 2.2+ 27 9.0% 82
shelter (mesic tundra) n=18 n=20 n=22

Pingo summit 6.8+.56 24127 11.2+ 94
n=30 n=30 n=30

Pingo south slope 7.7+ 90 1.4+ 46 140%1.5
n=30 n=30 n=30

Pingo north slope 4.81.50 1.6 .34 82 .75
n=29 n=30 n=29

missing data due to instrument failure,
so there is no way to correlate these with
temperature. Examination of one week
of completedata, however, indicates that
there is a relationship between incoming
solar radiation and surface temperature
differences on the north and south slopes
(Fig. 19).

Ground temperatures are all highly
correlated with air temperature at the
solar radiation ahd'surfacé temperature
differences on the north and south slopes
(Fig. 19).

Ground temperatures are all highly
correlated with air temperature at the
standard height shelter (Table 17). Since
the calculated equivalent latitude of the
north slope at this site is 80°N, it is
expected to be colder than the flat mesic
tundra (ground temperature at shelter).
The mean difference in daily maximum
temperature between these two sites is
1.9°C, considerably less than would be
expected for a 10°N change in latitude.

The drier soils on the pingo, as compared
to the mesic tundra, partially explain this
minimal difference. The pingo summit,
which has zero slope, had higher tem-
peratures than the flat mesic tundra,
because the soils are dry on the pingo
summit, and therefore warm up more
quickly than do the mesic tundra soils.
The south slope, as expected, had higher
ground temperatures than any other site.
because tNE SOLIS are ary On e pingo
summit, and therefore warm up more
quickly than do the mesic tundra soils.
The south slope, as expected, had higher
ground temperatures than any other site.

Snow

Results of the May, 1986 snow sur-
veys indicate that there is a consistent
drift pattern on the pingos (Figs. 20 to
23). Within the Prudhoe Bay region gen-
erally, drifting results in an annual snow
cover that varies from 0 to 2 m, with an

i i : 7 — Soulh-facing
30 B : H : 30° Slope
N ! : N N { = North-facing

30° Stope

25

20~

Surface
Temperoture 15 -|
C)

Relative

Amount of
Solor Rodiatign
{Leve! Ground)

DAY (August 1986}

Figure 19. One week of data showing ground surface temperature on a 3(° south-
facing slope, a 30° north-facing slope, and relative amount of solar radiation ar a
standard height shelter next to the pingo.

Table 17. Pearson product-moment correlation coefficients between air temperature
at standard height shelter and ground temperature next to the shelter, on the pingo
summit, south slope, and north slope. Significance in all cases is p <.001. Because
some stations have missing data, the number of data points (n) is also given.

SHELTER (AIR)
GROUND MEAN MINIMUM MAXIMUM
Mesic tundra 8726 .8741 .8210
n=1R steLTER (ALK) n=22
GROUND MEAN MINIMUM MAXIMUM
Mesic tundra 8726 .8741 .8210
n=18 n=20 n=22
Pingo summit 9136 .8198 .9078
n=30 n=30 n=30
Pingo south slope .8310 .8892 8517
n=30 n=30 n=30
Pingo north slope 9336 .8454 .9437

n=29 n=30 n=30
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Figure 20. Snow cover (in black) on Pingo 1, on May 17, 1986, with 5x vertical
exaggeration.
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Figure 21. Snow cover (in black) on Pingo 3, on May 17, 1986, with 5x vertical
exaggeration.
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Figure 22. Snow cover (in black) on Pingo 4, on May 17, 1986, with 5x vertical
exaggeration.
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with 5x vertical exaggeration.



Figure24. Pingo4 (IBP) inmid-May, 1986. Although it snowed several hqurs each
day in the several days preceding this photograph, the upper slopes remain free of

snow,

average around 30-40 cm on flat sur-
faces. Most snowfall comes from west-
erly storms, but prevailing winds are
from the east and cause most of the
drifting (Benson et al. 1975). This re-
sults in the constant pattern of drifts
associated with the pingos. The summits
and north and south upper slopes are
often snow-free, and a deep drift forms
on the WSW side (leeward to prevailing
winds) (Fig. 24). There isa small drifton
the ENE side limited to the very base of
the pingo. The upper ENE slope, facing

AYSULLALCU W HLLL UL PAIEUS. LU Suiliia
and north and south upper slopes are
often snow-free, and a deep drift forms
on the WSW side (leeward to prevailing
winds) (Fig. 24). Thereisasmalldrifton
the ENE side limited to the very base of
the pingo. The upper ENE slope, facing
into prevailing winds, is snow-free.

A comparison of Figs. 20 to 22 with
Fig. 23 illustrates the difference in snow
cover patterns between steep-sided and
broad-based pingos. Pingo no. 24 (Fig.
23), which is a typical broad-based type,
has much more uniform snow coverover

P ~

Soils

Soils are a product of the interaction
between parent materials and environ-
mental conditions, integrated over the
time during which a soil at a particular
site has been forming. The primary
environmental conditions that shape all
soils include climate, drainage, and or-
ganisms. Other secondary factors, such
as eolian inputs or deflation, may also be
important. Jenny (1941, 1961) devel-
oped a model of soil formation factors

Sltv l1ud vvtir svaaliaag.t I ]

environmental conditions that shape all
soils include climate, drainage, and or-
ganisms. Other secondary factors, such
as eolian inputs or deflation, may also be
important. Jenny (1941, 1961) devel-
oped a model of soil formation factors
that is equally applicable to vegetation
(Major 1951). This model was an at-
tempt at a concise expression of the
factors contributing to soil formation,
with regional climate, parent material,
topography or relief, organisms, and
duration of soil formation as the primary
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The U.S. Soil Taxonomy (Soil Sur-
vey Staff 1975) is based solely on ge-
netic factors; it includes soil moisture
and temperature as soil properties. This
hierarchical system has six levels (great
order, suborder, great group, subgroup,
family, and series), and soil temperature
is a primary factor at the suborder and
great group levels. Thus, soils of cold
regions are recognized within this taxon-
omy as being distinct at a high level.
This system represents a compromise
between a purely ecological and a purely
genetic system, and thus represents both
of these components less than perfectly
(Rieger 1983).

The U.S.S.R. soil classification
scheme is based on an entirely different
concept than either the U.S. or Canadian
systems. It relies heavily on the concept
of zones and their corresponding zonal
soils (Tedrow 1977, Rieger 1983). This
concept was first developed by
Dokuchaev (1899), whodeveloped small
scale maps of Russian soils based on
climatic zones. Sibirtsev (1895, in Afa-
nasiev 1927) defined a zonal soil as
“..lying on the continental surface in a
definite sequence, in zones according to
the physiographic conditions of soil for-
mation.” Using this concept, only well-
drained sites can support zonal soils.
Thus, the pingo soils may be considered
zonal soils on the coastal plain (Everett
1980c), although their spatial extent is
quite limited.

Sailc af the Pivenc R .
drained sites can support zonal soils.

Thus, the pingo soils may be considered
zonal soils on the coastal plain (Everett
1980c), although their spatial extent is
quite limited.

Soils of the Pingos

Thirteen soil subgroupsin seven great
groups and four orders were described
from the sample plots. The orders are
Mollisol, Inceptisol, Entisol, and His-
tosol. Distribution of the soil types is
related to microcite oradiante amd o

gional gradients. The variables slope,
exposure, thaw depth, moisture, snow
cover, stability, cryoturbation, pH, and
distance to coast all showed significant
differences between the subgroups (us-
ing one-way ANQVA, p < .01 in all
cases). Both moisture and pH are impor-
tant factors in the taxonomy, and so by
definition would be different between
these groups. Height of microrelief and
equivalent latitude showed no differ-
ence between the soil types. Distribu-
tion of the soil types among the mi-
crosites is shown in Table 18.

Mollisols. This was by far the most
common order, with 63% (173) of all
plots classified belonging to this group.
The concept of a Mollisol is a ...very
dark colored, base-rich soil of the
steppes” (Soil Survey Staff 1975). These
soils have an epipedon with well devel-
oped color, atleast 50% base saturation,
and are at least 0.6% organic carbon by
weight. Fifty-one percent (89) of the
Mollisols were classified as Pergelic
Cryoborolls, 25% (43) as Calcic Per-
gelic Cryoborolls, 9% (15) as Pachic
Pergelic Cryoborolls, 0.6% (1) as Cu-
mulic Pergelic Cryoboroll,and 14% (25)
as Pergelic Cryaquolls. The concept of
a grassland soil is fitting here, as these
soils support the grass and forb vegeta-
tion of the pingo slopes.

The Pergelic Cryoborolls in particu-
lar have more in common with prairie
soils than they do with more typical

coastal nlain <oils althonsh thev renre-
a grassland soil is fitting here, as these

soils support the grass and forb vegeta-
tion of the pingo slopes.

The Pergelic Cryoborolls in particu-
lar have more in common with prairie
soils than they do with more typical
coastal plain soils, although they repre-
sent the best expression of regional cli-
mate on well-drained sites (Everett
1980c). They are differentiated from
other Borolls solely on the basis of tem-
perature, but may be very similar in all

other respects. Pergelic Cryoborolls are
found in all micracitec it nro ommee



Table 18. Distribution of the 13 soil types among the microsites. The upper number is the
total occurrences, the second is the percent of each soil type in the given microsite.

Microsite!
Soil Type 1 2 3 4 5 6 7 Total
MOLLISOLS
Pergelic Cryoboroll 7 15 20 14 3 19 11 89
79 169 225 157 34 213 124 314
Calcic Pergelic 10 3 4 2 0 10 14 43
Cryoboroll 233 70 9.3 47 0 233 326 152
Pachic Pergelic 1 10 0 0 0 3 1 15
Cryoboroll 6.7 66.7 0 0 0 200 6.7 53
Cumulic Pergelic 0 0 0 0 1 0 0 1
Cryoboroll 0 0 0 0 1000 O 0 .04
Pergelic Cryaquoll 0 0 2 7 13 1 2 25
* v 0 0 80 280 520 40 8.0 8.8
INCEPTISOLS
Pergelic Cryochrept 6 2 4 1 1 2 4 20
30.0 100 200 50 50 100 200 7.1
Calcic Pergelic 2 1 2 2 0 1 14 22
Cryochrept 16.7 83 167 16.7 0 83 333 78
Pergelic Cryumbrept 3 4 1 4 2 1 0 15
% P 200 267 67 267 133 6.7 0 5.3
Pachic Pergelic 0 1 0 0 0 0 0 1
Cryumbrept 0 1000 0 0 0 0 0 04
Pergelic Cryaquept 0 0 0 3 5 0 0 8
¥ AP 0 0 0 375 625 0 0 2.8
Histic Pergelic 3 1 3 2 7 0 1 17
Cryaquepfg 176 59 176  11.8 412 0 59 6.0
Fovaehe o 3 2 2 2 3 3 2 17
Pergelic Cryorthent
¥ i 176 118 118 118 176 176 5.1 6.0
; F: J . v v v
FOTEIE LVEHEE 3 \6 6 375 625 0 0 2.8
Histic Pergelic 3 1 3 2 7 0 1 17
Cryaqut:ptg 176 59 17.6 11.8 41.2 0 59 6.0
oo 3 2 2 3 3 2 17
Pergelic Cryorthent
g i 176 118 118 11.8 176 176 5.1 6.0
HISTOSOLS
Pergelic Cryosaprist 0 1 0 5 4 0 0 10
0 10.0 0 50.0 400 0 0 35

11) ENE wind-exposed side, 2) summit, 3) dry leeward side (WSW), 4) middle snowbank 5) lower

cnauthanl AY eanth elane N narth clane

common on south slopes, WSW shoul-
ders, and summits (microsites 6, 3, and
2). Frequent disturbance by animals
prohibits development of a calcic hori-
zon at these sites that would otherwise
accumulate carbonates. Mean pH for
this type is 6.8 £ .04, but the range of
valuesis from 5.6t07.5. Soils with apH
below 5.5 were presumed to be less than
50% base saturated, and thus could not
be classified as Mollisols.

Comparison of profiles from steep-
sidedand broad-based pingosindicatesa
different genesis for the same soil on
these two pingo types. On the steep-
sided pingos, soil genesis isrelated to the
origin of the pingos as lakes. Most of the
organics in these soils were present in
the lake basin at the time of drainage, and
they subsequently became the A horizon
that represents most of the mollic epipe-
don (Fig. 25). These horizons darken
rapidly, probably in less than 100 years
following drainage. The reddish color
(hue of 7.5 YR} of the A is related to
oxidation of the organics. The platey
structure is typical of a lake sediment.
The uppermost (A) horizon on a broad-
based pingo profile, however, indicates
an origin for this horizon due to in situ
accumulation of organics following
pingo formation (Fig. 26). This horizon
has a subangular blocky structure and a
localized strong granular structure. Thus,
is shows no relationship toa formerlake.
The gravelly subhorizons on the broad-
based pingo show development of color
and structure down to 114 cm. The high
pingo formation (Fig. 26). This horizon
has a subangular blocky structure and a
localized strong granularstructure. Thus,
is shows no relationship to a formerlake.
The gravelly subhorizons on the broad-
based pingo show development of color
and structure down to 114 cm. The high
percentage of carbonates in the steep-
sided pingo profile reflects the impor-
tance of calcareous loess in this soil. The
broad-based pingos are all outside the
zone of loess influence. The combina-
tion of color, structure, and in situ organ-

opment period for soils on the broad-
based pingos. The amount of time nec-
essary to form a 15 cm thick A horizon
onthepingos is unknown, but this amount
of organics seems unlikely under present
vegetation and climate conditions. If
these organics did form in place, it was
probably under warmer summer tem-
peratures and a grassland type of vegeta-
tion.

All of the Pergelic Cryoborolls have
free carbonates present, and when these
accumulate in the A or B horizon the soil
is classified as a Calcic Pergelic Cryo-
boroll. This subgroup was first described
at Prudhoe Bay by Everett and Parkinson
(1977); itis not listed in Seil Taxonomy
and thus far has only been described on
these pingos. It is most common on
north slopes, and is the most common
soil type for this microsite and for the
ENE wind-exposed side. It is also fre-
quent on south slopes, and is the second
most common type for that microsite.
Mean pHis 7.0, the highest for any type.

Pachic Pergelic Cryoborolls are not
recognized in Soil Taxonomy, but these
soils are distinct enough to be separated
from typical Pergelic Cryoborolls. They
primarily occur on summits, and are
characterized by a mollic epipedon
greater than 40 cm thick. Summits of
pingos are often den sites, heavily used
by arctic fox, arctic ground squirrel, and
occasionally collared lemming. Dig-
ging leads to mixing of the lake organics
with underlying mineral material, and a
thick, usually fairly uniformmollic cpipe-
greater than 40 cm thick. Summits of
pingos are often den sites, heavily used
by arctic fox, arctic ground squirrel, and
occasionally collared lemming. Dig-
ging leads to mixing of the lake organics
with underlying mineral material, and a
thick, usually fairly uniform mollic epipe-
don is the result. Grasses establish
quickly on these densites, and roots may
extend down over 50 cm. These are the
most deeply thawed sites, with a mean
thaw depth of 68 + 5.3 cm. Mean pH is
high, 6.8 .10, with a range from 6.2 to



@*04 percemage. loose, not sticky, not plaslic; single grain; commen 2a carbs slained
200 S5 by Fe:tew thin stage 1 sills. no roots; pockels of well-sorted gravels 1-2 cm with
1002 =55-c) 1o sand, other areas with larger (6 cmj gravels thal are mechanically weathered:
» guggg boundary nol visible dus 1o instability
et '.I
000 050
b O30 0=
[7é;§'”.- 3BKjl| 114-128
120495052 , : .
o 2.7 ° | Gray (2.5Y5/0 m) very gravelly sand. 80% gravel. koose, not sticky. not plastic;
128 s °o20‘g <] single grain; few 1a carbonaes, few stage 1 silts. no ro0ls
% Organic carbon %Total CO3
1|5 110 § o) ? 1|0 115
1 J
20 C
-40
-60
-80
100
120
140
T heamn N F I Y [N o FUNDUEY ANEPIS § JUPTRU SRNNUS I SRV SRR s S R

Figure25. A Pergelic Cryoboroll on the south-facing shoulder of a steep-sided pingo
(IBP, no.4). These sites have the best developed soils. Silt and carbonate stages are
according to Forman and Miller (1984). An "I" subhorizon indicates secondary silt

morphology.
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Figure 26. A Pergelic Cryoboroll on the south-facing shoulder of a broad-based
pingo. Silt and carbonate stages are according to Forman and Miller (1984). An



Cumulic Pergelic Cryoboroll is also
not recognized by the official U.S. tax-
onomy, again because temperature is
weighted more heavily than other fac-
tors. A cumulic mollic epipedon is also
over 40 cm thick, and has the additional
property of having adecreasing percent-
age of organic matter down the profile.
The concept is based on overthickening
of the epipedon due to downslepe move-
ment of material. Only one plot was
classified as this type, microsite 5 (lower
snowbed), pingo 23. This is a broad-
based pingo, and the plot is not at the
base of the slope, but in the lower back-
slope area. Thus, it is well-drained and
dry, and typical of a cumulic site.

Pergelic Cryaquolls are cold, wet
Mollisols, occurring primarily in snow-
beds. They are often gleyed, mottled, or
both. In afew cases this type was found
on upper (north and south) slopes where
there was sufficient moisture. Thaw
depths are intermediate, with a mean of
47 + 18 ecm. The mollic epipedon in
these sites is very organic, and these
grade into the Pergelic Cryaquepts and
Histic Pergelic Cryaquepts.

Inceptisols. The basic concept of an
Inceptisol is a mineral soil that does not
havecharacteristic subhorizons, butdoes
have some indication of development,
such as a cambic horizon. Soils with a
histic (organic) epipedon, but with min-
eral subhorizons, are placed here also.

Sixty-two (23%) of the soils were placed
LuCepusul 1s @Huncial dULL UldaL uucs’ il

have characteristic subhorizons, butdoes
have some indication of development,
such as a cambic horizon. Soils with a
histic (organic) epipedon, but with min-
eral subhorizons, are placed here also.
Sixty-two (23%) of the soils were placed
in this order. Twenty-seven percent (17)
of the Inceptisols were classified as
Pergelic Cryochrepts, 13% (8) as Calcic
Pergelic Cryochrepts, 19% (12) as Per-
gelic Cryumbrepts, 2% (1) as Pachic
Pergelic Cryumbrept, 13% (8) as Per-
gelic Cryaquepts, and 26% (16) as Histic

The Pergelic Cryochrepts are char-
acterized primarily by the presence of an
ochric epipedon. This epipedoniseither
too thin or too low in organics, or has too
high a color value to be mollic, This soil
occurred at least once at each microsite
type, but was most common on the ENE
side, where wind erosion precludes much
organic accumulation. These are very
dry soils with variable pH, as a thin
epipedon characterizes this type, and pH
ranges from 5.3 t07.5.

The concept of a Calcic Pergelic
Cryochrept is not recognized in the U.S.
taxonomy, again because temperature is
given more weight than the presence of
acalcic horizon. Nonetheless, there were
anumber of sites that fit the concept of a
Pergelic Cryochrept and that also had a
calcic horizon. These are classified here
as Calcic Pergelic Cryochrepts, and they
are very similar to the Calcic Pergelic
Cryoborolls, but with a thinner epipedon
or little color development. The calcic
horizon is generally very close to or at
the surface in these soils, and the carbon-
ate may be great enough to cause an
increase in color value. These soils are
deeply thawed (64 £ 10 cm), but are
generally very gravelly and show little
development other than some change in
color,

The Pergelic Cryumbrepts are simi-
lar to the Pergelic Cryoborolls, but have
an umbric epipedon. This meets all the
requirements of a mollic epipedon, but it

is not base saturated. Thus, these soils all
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color.

The Pergelic Cryumbrepts are simi-
lar to the Pergelic Cryoborolls, but have
an umbric epipedon. This meets all the
requirements of a mollic epipedon, but it
is not base saturated. Thus, these soils all
have pH 5.5 or lower, with a meanof 5.1
% .57, and a minimum of 4.3. This type
was found in all microsites except the
north slope, and was found only once on
a south slope. It was not common any-
where, and is limited to sites well away

Pachic Pergelic Cryumbrept is an-
other type not recognized by the U.S.
taxonomy, but which is the non-base
saturated equivalent of the Pachic Per-
gelic Cryoboroll, There was only one
occurrence of this type, on the summit of
pingo 11in the Kadleroshilik study area.

The Pergelic Cryaquepts are the cold,
wet Inceptisols, and are closely related
to the Cryaquolls, but without a mollic
epipedon. On the pingos, they generally
have a highly organic surface horizon
that sits directly on a gleyed mineral
horizon. Mottles are common. These
soils are moderately deeply thawed, with
a mean depth of 48 + 15 cm. Everett’s
(1980c) concept of this soil at Prudhoe
Bay is a moist to wet soil that appears
organic, but which remains mineral due
to eolian inputs.

When these soils become sufficiently
organic, they are classified as Histic
Pergelic Cryaquepts. The primary dif-
ference between these two is the pres-
ence or absence of a histic epipedon. A
histic epipedon has a complex descrip-
tion, butin thiscase it is basically greater
than 18% organic carbon by weight, and
is between 20 and 40 cm thick. Thaw
depths are shallow, ranging from 12 to
43 cm.

Entisols. The concept of an Entisol
is “..little or no evidence of develop-
ment of pedogenic horizons” (Soil Sur-
vey Staff 1975). Seventeen soils (6%)
were classified as Pergelic Cryorthents.
Orthents are generallv associated with

Entisols. The concept of an Entisol
is “..little or no evidence of develop-
ment of pedogenic horizons” (Soil Sur-
vey Staff 1975), Seventeen soils (6%)
were classified as Pergelic Cryorthents.
Orthents are generally associated with
erosional surfaces, and are common in
rocky, mountainous areas. Here they are
associated with pingos that are young
enough that pedogenesis is not yet evi-
dent. They areequallydistributed among
the microsites, as the environment ata

givensite has not yet affected soil devel-
opment. These are shallowly thawed
soils, 33 £ 6.1 cm, and pH is quite vari-
able, from 5.1 to 7.9. These are most
common near the coast where tempera-
tures are lowest, and soil-forming proc-
esses are likely to be slowed.

Histosols. If there is no mineral
horizon within 40 cm of the surface, then
the soil is classified as a Histosol; all
soils within this order on the pingos
belong to the Pergelic Cryosaprists sub-
group. Ten soils were classified thus,
primarily in snowbeds. These grade into
the Histic Pergelic Cryaquepts, and are
separated by the thickness of the organic
horizon. Histosols are considered or-
ganic soils; all other orders are mineral
soils, although they may have a histic
epipedon.

Vegetation

The vegetation of the pingos is pri-
marily dominated by Dryas integrifolia,
although it is not universally present in
all of the stand types. There are also
grass-forb dominated types as well as
fellfield and blockfield types. In the
most acidic sites an ericaceous heath is
present. The classification resulted in
three groups, 11 stand types, 1 subtype,
and 20 facies. The summary tables are in
Appendix B. Group Dryas integrifolia -
Lecanora epibryon contains the plots
from ENE wind-exposed sides and north

slopes (microsites 1 and 7. Table 19).
present, The classification resulted in

three groups, 11 stand types, | subtype,
and 20 facies. The summary tables are in
Appendix B. Group Dryas integrifolia -
Lecanora epibryon contains the plots
from ENE wind-exposed sides and north
slopes (microsites 1 and 7, Table 19).
Group Dryas integrifolia - Tortula ru-
ralis represents the summits and south
slopes (microsites 2 and 6, Table 20).
Group Dryas integrifolia - Toment-
hypnum nitens representsall of the snow-
bed microsites (microsites 3, 4, and 5,



Table 19. Classification used for north slopes and wind-exposed ENE-facing sides Table 20. Classification used for plots on south slopes and summits (microsites 2
(microsites 1 and 7). The abbreviation for each classification entity is given in and 6).
parentheses following the full name, these are used in other tables and figures.

GROUP Dryas integrifolia - Tortula ruralis (G DRYINT-TORRUR)
GROUP Dryas integrifolia - Lecanora epibryon (G DRYINT-LECEPI)
STAND TYPE Cerastiun beeringianum - Ranunculus pedatifidus (ST
STAND TYPE Saxifraga bronchialis - Sphaerophorus globosus (ST CERBEE-RANPED)

SAXBRO-SPHGLO)
FACIES Festuca baffinensis - Luzula confusa (F FESBAF-

FACIES Rhacomitrium lanuginosum - Polytrichum piliferum (F LUZCON)

RHALAN-POLPIL)
FACIES Trisetum spicatum - Potentilla uniflora (F TRISPI-

STAND TYPE Cerastium beeringianum - Minuartia rubella (ST POTUND
CERBEE-MINRUB)
STAND TYPE Poa glauca - Bromus pumpellianus (ST POAGLA-
STAND TYPE Dryas integrifolia - Oxytropis nigrescens (ST DRYINT- BROPUM)
OXYNIG)

FACIES Potentilla hookeriana - Polemonium acutiflorum (F
FACIES Carex nardina - Calamagrostis purpurascens (F POTHOO-POLACU)
CARNAR-CALPUR)

FACIES Artemisia glomerata (F ARTGLO)
STAND TYPE Dryas integrifolia - Astragalus umbellatus (ST DRYINT- misia 8 (F

ASTUMB) FACIES Carex obtusata - Saxifraga mricuspidata (F CAROBT-

FACIES Kobresia myosuroides - Pedicularis capitata (F SAXTRI)

KOBMYO-PEDCAP) FACIES Kobresia myosuroides - Salix glauca (F KOBMYO-

FACIES Carex bigelowii - Cassiope tetragona (F CARBIG- SALGLA)
CASTED) STAND TYPE Carex rupestris - Saxifraga oppositifolia (ST CARRUP-
SAXOPP)

FACIES Carex petricosa - Carex nardina (F CARPET-CAR-

Table 21), with the exception of four
plots that were in wet, late-lying snow-
beds. These are in Stand Type Phippsia
aleida - Saxifraea rivularis. whichisnot

Table 21), with the exception of four
plots that were in wet, late-lying snow-
beds. These are in Stand Type Phippsia
algida- Saxifraga rivularis, whichis not
placed in any group.

ENE sides and north slopes

These sites are represented by Group
Dryas integrifolia - Lecanora epibryon,
which is the most homogeneous of the

groups. It is subdivided into four stand
types and four facies. Stands in this
group haveafairly high coverpercentage
of D intevrifolia nn1o S0% and moct of

groups. It is subdivided into four stand
types and four facies. Stands in this
group have afairly high coverpercentage
of D integrifolia, up to 50%, and most of
the other differentiating species are
lichens. Thereisoftena high percentage
of bare ground. Other important
ubiquitous species include Thamnolia
subuliformis, Cetraria nivalis,
Hypogymnia subobscura, and Cetraria
cucullata.

NAR)

FACIES Carex franklinii - Salix brachycarpa ssp. niphoclada (F
CARFRA-SALBRANIP)

SAAUPY)

FACIES Carex petricosa - Carex nardina (F CARPET-CAR-
NAR)

FACIES Carex franklinii - Salix brachycarpa ssp. niphoclada (F
CARFRA-SALBRANIP)

FACIES Carex rupestris - Saxifraga oppositifolia (F CARRUP-
SAXOPP)




Table 21. Classification used for snowbed plots (microsites 3, 4 and 5).

STAND TYPE Phippsiaalgida - Saxifragarivularis (STPHIALG-SAXRIV)

GROUP Dryas integrifolia - Tomenthypnum nitens (G DRYINT-TOMNIT)

STAND TYPE Salix rotundifolia - Dryas integrifolia (ST SALROT-

DRYINT)

FACIES Salix rotundifolia - Oxyria digyna (F SALROT-OXYDIG)
FACIES Salixrotundifolia- Eriophorum triste (FSALROT-ERITRI)

STAND TYPE Cassiope tetragona - Dryas integrifolia (ST CASTET-

DRYINT)

SUBTYPE Vaccinium uliginosum - Salix glauca (SB VACULI-

SALGLA)

FACIES Ledum decumbens - Betula nana (F LEDDEC-

BETNAN)

FACIES Arctous rubra - Rhododendron lapponicum (F
ARCRUB-RHOLAP)

FACIES Cassiope tetragona - Dryas integrifolia (F CASTET-

DRYINT)

STAND TYPE Dryas integrifolia - Astragalus umbellatus - Carex
rupestris (ST DRYINT-ASTUMB-CARRUP)

FACIES Dryas integrifolia - Astragalus umbellatus - Kobresia
myosuroides (F DRYINT-ASTUMB-KOBMYO)

FACIES Carex rupestris - Oxytropis nigrescens (F CARRUP-

OXYNIG)

FACIES Dryas integrifolia - Astragalus umbellatus - Kobresia
myosuroides (F DRYINT-ASTUMB-KOBMYO)

FACIES Carex rupestris - Oxytropis nigrescens (F CARRUP-

OXYNIG)

Stand Type Saxifraga bronchialis -
Sphaerophorus globosus. This stand type
is found on steep slopes with gravelly,
acidic soils on pingos 9 and 41 in the
Kadleroshilik area (Fig. 27). Lichens are

the most abundant growth form, Impor-
tant species include Psoroma hypnorum,
Luzula confusa, Salix phlebophylia, Poly-
trichastrum alpinum, Pertusaria dac-
tylina,and Saxifragatricuspidata. There

Figure 27. Stand Type Saxifraga bronchialis-Sphaerophorus globosus.

is minimal microrelief (3.6 + 0.2 cm),
and pH is the lowest of any stand type
(5.2 £0.1). Dryas integrifolia was not
present in 3 of the 5 stands, but was
abundant in the other two. Soils are
Pergelic Cryochrepts or Pergelic Cryum-
brepts, depending on the thickness of the
epipedon,

Plant coverin these sites is open, and
they generally have a fellfield appear-
ance, butthey have little else in common
with fellfield types described by Cooper
(1986) in the Brooks Range. This is
probably a relatively rare type that may
be limited to the pingos. It has some
connection to south slope communities
ance, but they have little else in common
with fellfield types described by Cooper
(1986) in the Brooks Range. This is
probably a relatively rare type that may
be limited to the pingos. It has some
connecton to south slope communities
dominated by Saxifragatricuspidata, but
differs considerably in general appear-
ance and associated species. Thesenorth
slope and ENE-facing stands have much
less plant cover and lower vascular spe-
cies diversity than related south slope
types. Batten (1977) described the habi-

tat of Saxifraga bronchialis in the north-
ern Brooks Range as “[s]table taluses,
coarse alluvium, and well-drained
slopes.” It isuncommon on the pingosin
these relatively acidic sites.

FaciesRhacomitrium lanuginosum
- Polytrichum piliferum is represented
by only a single stand on Kadleroshilik
pingo (no. 41) (Fig. 28). The site hasthe
appearanceof analpine fellfield or block-
field; itis in a ‘valley’ on the top of this
very large pingo, where river boulders
upto40cmacross have eroded out of the
pingo side. Thisis a very unusual site, as
itis essentially an alluvial deposit on top
appearance of analpine fellfield or block-
field; itisin a ‘valley’ on the top of this
very large pingo, where river boulders
up to 40 cmacross have eroded out of the
pingo side. This is a very unusual site, as
itis essentially an alluvial deposit on top
of a mountain. The rocks are covered by
Rhizocarpon geographicum and Umbili-
caria spp., and the thin soil between
them is dominated by Saxifraga tricus-
pidata, Rhacomitrium lanuginosum,and
Polytrichum piliferum. The site faces
due north, and pH is 5.2.



Figure 28. Facies Rhacomitrium lanuginosum - Polytrichum piliferum. The site
faces north on Kadleroshilik pingo (no. 41). View (a) is the general appearance of
the site, and (b) is a close-up of the vegetation.

Figure 29. Stand Type Cerastium beeringianum - Minuartia rubella.

Cooper (1986)described Umbilicario
hyperboreae - Rhizocarpon geograph-
icum from the southern Brooks Range,
and this type seems tofit into his concept
of thatalliance. Walkeretal. (1987)also
described a similar type from block-
fields in the Brooks Range northern
foothills.

Stand Type Cerastium beeringia-
num - Minuartia rubella. This stand
type is also found on extremely exposed
sites, but is primarily near the coast on
alkaline soils (Fig. 29). Four plots are
assigned to this type. Other important

species include Melandrium affine,
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num - Minuartia rubella. This stand
type is also found on extremely exposed
sites, but is primarily near the coast on
alkaline soils (Fig. 29). Four plots are
assigned to this type. Other important
species include Melandrium affine,
Drabacorymbosa,and Papaver lapponi-
cum. Lichens are not as important in this
stand type as in others within this group,
and this type grades into Stand Type
Cerastium beeringianum - Ranunculus
pedatifidus in Group Dryas integrifolia
-Tortula ryralis. Slopes are fairly gentle

highest of any stand type. Soils are
Pergelic Cryoborolls or Calcic Pergelic
Cryoborolls.

This type is similar to vegetation on
beach terraces near Barrow (Wiggins
and Thomas 1962) and in several areas
of Greenland and northeastern Canada’
(Tedrow et al. 1968; Aleksandrova 1980),
and has some relation to the polar deserts
described by Svoboda (1972).

Stand Type Dryas integrifolia -
Oxytropis nigrescens. This is a wide-
spread and fairly varied type to which 37
plots were assigned (Fig. 30). These
standshaveamoderate coverage of Dryas
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Stand Type Dryas integrifolia -
Oxytropis nigrescens. This is a wide-
spread and fairly varied type to which 37
plots were assigned (Fig. 30). These
standshavea moderate coverage of Dryas
integrifolia (mean of 25%), and Oxytro-
Dis nigrescens is always present. Tham-
nolia subuliformis and Cetraria nivalis
are present in all of the samples. This
stand type represents the best expression
of a typical stand for these microsites
throughout the study region. This type



Figure 30. Stand Type Dryas integrifolia - Oxytropis nigrescens.

(1985a) Dry Dryas integrifolia, Carex
rupestris, Oxytropis nigrescens, Lecan-
ora epibryon dwarf shrub, crustose li-
chen tundravegetation type, but is some-
what more narrowly defined here. Carex
rupestris is common throughout Group
Dryas integrifolia - Lecanora epibryon,
but Oxytropis nigrescens is generally
not found in other stand types within this
group. It is the presence of Oxyrropis
nigrescens, often in association with
either Encalypta rhaptocarpa, Dis-
tichium inclinatum, or both, that sepa-
rates this as a distinct type. Slopes are
relanvely steep (11 +1 3) and vcry

o

mgrescens often in assoc1at10n w1th
either Encalypta rhaptocarpa, Dis-
tichium inclinatum, or both, that sepa-
rates this as a distinct type. Slopes are
relatively steep (11 = 1.3°), and very
exposed to winds (3.9 + (.1 using a 4
point scalar system). They are extremely
well-drained, and therefore deeply
thawed, 64 + 4 cm. Estimated percent-
age of cryoturbation was 10.5 + 2.2%,
which was the highest of any stand type,
but some of this may have been due to
wind erosion, resulting in deflated areas

thatare oftendifficult todistinguish from
cryoturbation surfaces.  Microrelief
height is low, only 5.8 £0.5 cm, but this
was typical for the group as a whole.
Mean pH is 6.9 + 0.1. Calcic Pergelic
Cryoborollis the most common soil type
(22 out of 37 samples); other types in-
clude Pergelic Cryoboroll (5 samples),
Pergelic Cryochrept (4 samples), Calcic
Pergelic Cryochrept (4 samples), and
Pergelic Cryumbrept (2 samples).
Oxytropis nigrescens is a Beringian
endemic restricted primarily to
Aleksandrova’s (1980) subarctic region
of thcarctlc rundras andYoung s(1971)

Pergellc Cryumbrept (2 samples)
Oxytropis nigrescens is a Beringian
endemic restricted primarily to
Aleksandrova’s (1980) subarctic region
ofthearctic tundras,and Young’s(1971)
zone 2, and is absent from the highest
arctic. It is abundant on the pingos in
alkaline sites, particularly onnorth slopes.
This particular stand type is probably
limited to dry sites around Prudhoe Bay,
andregionally itisrestricted tothese dry,
gravelly sites. In the Amigetch Creek
Valley of the Brooks Range, Oxytropis

Figure 31. Facies Carex nardina - Calamagrostis purpurascens.

nigrescens is found on xeric limestone
bedrock (Cooper 1986, Oxytropoido
nigrescents - Salicetum dodgeanae).

Facies Carexnardina - Calamagros-
tis purpurascens is the only facies rec-
ognized within this stand type. Two
plots on pingo no. 26 within the Toolik
River study area are separated into this
facies, which represents a gradation into
the steppe types more commonly found
on the south slopes and summits (Fig.
31). Both Carex nardina and Ca-
lamagrostis purpurascens have been
recognized as stcppc -tundra species by
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the steppe types more commonly found
on the south slopes and summits (Fig.
31). Both Carex nardina and Ca-
lamagrostis purpurascens have been
recognized as steppe-tundra species by
numerous authors. Cooper (1986, 1989)
lists both of these species as members of
steppe associations in the Arrigetch Peaks
of the Brooks Range, and Yurtsev (1982)
classifies dry meadows with calcic soils,
dominated by Carex rupestris, C. nar-
dina, and C. glacialis, all of which are
found within this type, as being the best

representation in Siberia of herbaceous-
cryoxerophyte vegetation. He considers
this to be essentially an alpine type with
the general characteristics of steppe
vegetation. Calamagrostis purpuras-
cens is also listed by Yurtsev as typical
of a number of Siberian steppe types and
steppe areas in northern Canada and
Greenland, and by Young (1982) as a
species that was probably typical of the
open steppes of central Alaska during
the Duvanny Yar. The other different-
ating species (found in both of the stands
but rare elsewhere within the group) are
Buellza punctata Cetrana ulesu Se-

open steppes of central Alaska durmg
the Duvanny Yar. The other different-
ating species (found in both of the stands
but rare elsewhere within the group) are
Buellia punctata, Cetraria tilesii, Se-
necio resedifolius, Tofieldia pusilla, and
Oxytropis maydelliana. Soils on both
sites are Calcic Pergelic Cryoborolls,
which is the best expression of a steppe
soil within this region. These are stable
sites with minimal cryoturbation or
expression of microrelief, and pH is high,
7.2 at both sites.



Figure 32. Stand Type Dryas integrifolia - Astragalus umbellatus.

Stand Type Dryas integrifolia - As-
tragalus umbellatus. This is the second
most common stand type within the group
(31 occurrences), and is found in some-
what more moist sites that are less ex-
posed to wind than Stand Type Dryas
integrifolia - Oxytropis nigrescens. Itis
characterized by high coverage of Dryas
integrifolia (from 15 to 50%), with As-
tragalus umbellatus as a conspicuous
subdominant (Fig. 32). Saxifraga op-
positifolia, which is common through-
out Group Dryas integrifolia - Lecanora
epibryon, is most common and has the
Waganis ~anwenams ~4s ~a-coiispicuthis
subdominant (Fig. 32). Saxifraga op-
positifolia, which is common through-
out Group Dryas integrifolia - Lecanora
epibryon, is most common and has the
highest cover percentages within this
stand type. Other important species
include Papaver macounii, Parrya
nudicaulis, Oxytropis jordallii,and Carex
scirpoidea, illustrating the link between
this type and communities on more pro-
tected sites. Slopes are gentle (610.8°),
and relatively highly cryoturbated (7.6 +
1.9% cover). Microrelief is most highly

expressed in this type within the group,
with a height of 12+ 3 cm. The pH is
very slightly acidic, 6,7 £0.1. Soils are
varied, and include Pergelic Cryobor-
olls, Calcic Pergelic Cryoborolls, Pachic
Pergelic Cryoborolls, Pergelic Cryo-
chrepts, Calcic Pergelic Cryochrepts,
Pergelic Cryaquepts, Histic Pergelic
Cryaquepts, and Pergelic Cryorthents.
This stand type is most common in the
Kuparuk area (19 occurrences), some-
what so in the Toolik River area (10
occurrences), rare at Prudhoe Bay (1
occurrence), and not present in the
Tad'stanty ly’perﬁ" LLIUSL CULLALIVLL 111 Iy
Kuparuk area (19 occurrences), some-
what so in the Toolik River area (10
occurrences), rare at Prudhoe Bay (1
occurrence), and not present in the
Kadleroshilik area.

Facies Kobresia myosuroides -
Pedicularis capitata is another example
of a steppe-related type (Fig. 33). This
facies is represented by nine samples,
and other important species include
Tomenthypnum nitens and Solorina sac-
cata. It is limited to the Toolik River

Figure 33. Facies Kobresia myosuroides - Pedicularis capitata.

area. It is not a true steppe type as it is
dominated by Dryas integrifolia, but it
does have a relationship to the cold tun-
dra steppes. Kobresia myosuroides is
found in arctic and alpine steppes in
other parts of the world including Green-
land (Bocher 1959). Yurtsev (1982)
speculated that it was important in Ber-
ingia during the Duvanny Yar in the
most northern steppe associations, just
south of the cold deserts that were be-
lieved to have predominated in farthest
north areas. Soils in this facies are Per-
gelic Cryoborolls, Calcic Pergelic Cry-
aksvirlls, kv spredisoCmeratyonis,
south of the cold deserts that were be-
lieved to have predominated in farthest
north areas. Soils in this facies are Per-
gelic Cryoborolls, Calcic Pergelic Cry-
oborolls, Calcic Pergelic Cryochrepts,
or Histic Pergelic Cryaquepts.

Facies Carex bigelowii - Cassiope
tetragona is the other division of this
stand type, and represents stands that are
closely related to snowbed types and are
probably in ecotonal areas (Fig. 34).

They may also possibly be from young
pingos where the vegetation is not well
defined by microsite. Carex bigelowii is
a typical species of moist tundra, and
appears to be most abundant in areas of
solifluction or otherwise unstable soils.
Batten (1977) described Carex bigelowii
as generally associated with hummocky
areas in the northern Brooks Range. This
facies was included within this group
and stand type because it was found in
the appropriate microsites, but it is an
outlier that is not typical of either the
group or stand type. These stands are on
ratls Havasndidid Ay Lwith ery high
and stand type because it was found in
the appropriate microsites, but it is an
outlier that is not typical of either the
group or stand type. These stands are on
gentle slopes, 4 * 2.4°, with very high
microrelief in some sites (40 + 30 cm)
probably indicating solifluction, and
slightly acidic soils (pH 6.4 £0.2). Each
of the three sites represented by this type
has a different soil type, including Per-
gelic Cryaquept, Histic Pergelic
Cryaquept, and Pergelic Cryochrept.



Figure 34. Facies Carex bigelowii - Cassiope tetragona.

Summits and South Slopes

These stands are placed in Group
Dryas integrifolia-Tortula ruralis. The
groupis subdivided into three stand types
and nine facies. These are the warmest
and driest sites on the pingos, and many
sites have experienced chronic distur-
bance by arctic ground squirrel, arctic
fox, and perching birds. These animal-
disturbed sites are deeply thawed (one
site was thawed to 230 c¢m) and rich in
nutrients. The type includes many ubiqui-
tous cryptogams including Cerraria

cucullata, Lecanora epibryon, Cetraria
riviglis_ and. Thgwunalin _cthuliforwic

disturbed sites are deeply thawed (one
site was thawed to 230 cm) and rich in
nutrients. The typeincludes many ubiqui-
tous cryptogams including Cetraria
cucullata, Lecanora epibryon, Cetraria
nivalis, and Thamnolia subuliformis.
Stand types are differentiated based on
the relative importance of Dryasintegri-
folia and on differentiating vascular
species.

Stand Type Cerastium beeringia-
num - Ranunculus pedatifidus. This is
the largest type within this group; 35

stands are assigned to it. All but four
stands are additionally assigned to one of
two facies. Coverage of Dryas integrifo-
lia is variable, and ranges from absent to
50%, but with a fairly low mean value of
11%. Tortula ruralis is presentin all but
two stands. Differentiating species, other
than Cerastium beeringianum and
Ranunculus pedatifidus, are Papaver lap-
ponicum and Draba cinerea. Forbs and
grasses are dominant overall (Fig. 35),
and this would be considered a steppe
type. It is most common on the highly
animal-disturbed summits, but is also

-found on south slopes near the coast,

primoarilsin the Dmdhaa Rav and Kima.
grasses are dominant overall (Fig. 35),
and this would be considered a steppe
type. It is most common on the highly
animal-disturbed summits, but is also

.found on south slopes near the coast,

primarily in the Prudhoe Bay and Kupa-
ruk River areas. It is roughly equivalent
to the Moist Festuca baffinensis, Pa-
paver macounii, Ranunculus pedatifi-
dus forb, grass tundra type described by
Walker (1985a) at Prudhoe Bay, which
he associated with areas of high animal
use.

Figure 35. Stand Type Cerastium beeringianum - Ranunculus pedatifidus.

Soils are generally sandy, so that
species associated with other sandy sites,
such as the coast and rivers, are common.
Examples include Potentilla pulchella,
Antennaria friesiana, and Alopecurus
alpinus. Most sites are flat, as these are
generally summits. Cryoturbationeffects
are minimal, but microrelief heightis 11
+2.8cm, due primarily to animal activity.
These sites are also the most disturbed
by people. Disturbances are concentrated
in the oil field areas, where many pingos
have benchmarks present, or have been
used to place survey markers or even

radio towers. Soils are mainly Pergelic
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by people. Disturbances are concentrated
in the oil field areas, where many pingos
have benchmarks present, or have been
used to place survey markers or even
radio towers. Soils are mainly Pergelic
Cryoborolls (13 occurrences), Pachic
Pergelic Cryoborolls (10 occurrences),
and Calcic Pergelic Cryoborolls (5
occurrences), with scattered occurrences
of Calcic Pergelic Cryochrepts, Pergelic
Cryumbrepts, Pachic Pergelic Cryum-
brepts, Histic Pergelic Cryaquepts, and
Pergelic Cryorthents.

Facies Festuca baffinensis - Luzula
confusa is found only on summits (Fig.
36). Other differentiating speciesinclude
Poa arctica, Rinodina turfacea, Melan-
drium affine, Saxifraga caespitosa,
Timmia austriaca, and Polytrichastrum
alpinum. The flora of this facies has a
distinct alpine character. Three of the
species common here, Saxifraga caespi-
tosa, Festucabrachyphylla, and Papaver
lapponicum, are listed by Cooper (1989)
as present in only the most exposed sites
in the Arrigetch Peaks of the Brooks
Range. Seven of the ten differentiating

and associated vascular speciesare listed
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lapponicum, are listed by Cooper (1989)
as present in only the most exposed sites
in the Arigetch Peaks of the Brooks
Range. Seven of the ten differentiating
and associated vascular species are listed
by Cooper as present in the Arrigetch
flora. These sites are moderately thawed,
43 £ 5 cm, and there is no evidence of
cryoturbation. The pH s slightly acidic,
6.3+ 0.2. Soils are primarily Pergelic
Cryoborolls and Pachic Pergelic Cryo-
borolls.



Figure 36. Facies Festuca baffinensis - Luzula confusa.

Facies Trisetum spicatum - Polen-
tilla uniflora is also primarily on the
summits but was also found on five south
slopes within the Prudhoe Bay area.
These sites are highly disturbed by ani-
mals, with high use estimates for arctic
fox, arctic ground squirrel, and birds.
Like the previous facies, these sites have
a distinctly alpine character, and are
dominated by grasses and forbs (Fig.
37). Other differentiating species are
Lloydia serotina, Androsace septentri-
onalis, Campanula uniflora, and Ta-
raxacum phymatocarpum. There are no
cryptogams that are either differentiat-
WLATARN U hasivrunl fotodhisag:
37). Other differentiating species are
Lloydia serotina, Androsace septentri-
onalis, Campanula uniflora, and Ta-
raxacum phymatocarpum. There are no
cryptogams that are either differentiat-
ing or associated, although the ubiqui-
tous cryptogam species associated with
this group are generally present. Cover
of Dryas integrifoliais fairly low, with a
mean value of only 8%. Oxytropis ni-
grescens is importantin some sites, with
cover as high as 15%. Androsace cha-

maejasme is found at most sites, as well
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valuesashighas 85%. Thisfacies grades
into the next type, Stand Type Poa
glauca - Bromus pumpellianus. Soils
are deeply thawed, 73 + 8 cm, and there
was no evidence of cryoturbation. The
pH is high, 6.9 £ 0.1. Soils are Pergelic
Cryoborolls, Calcic Pergelic Cryobor-
olls, and Pachic Pergelic Cryoborolls.

Stand Type Poa glauca - Bromus
pumpellianus. This stand type contains
within it the best examples of steppe-
tundra types found on the pingos. It is
fairly varied, and includes four facies.
Dryas integrifolia is of minimal impor-
anrgiatly TP Fou plangd b rimis
pumpellianus. This stand type contains
within it the best examples of steppe-
tundra types found on the pingos. It is
fairly varied, and includes four facies.
Dryas integrifolia is of minimal impor-
tance. The stand type isfound only in the
warmer Kadleroshilik and Toolik River
study areas, and is characterized by high
coverageof both Poa glaucaand Bromus
pumpellianus (Fig. 38). Bupleurumtrira-
diatum is also a differentiating species;
this is an arctic-alpine species that has

been associated with the herb zone pol-
lan ctratiirm that ¢ hvnathacivad by enrme

Figure 38. Stand Type Poa glauca - Bromus pumpellianus.

tohave represented a steppe-tundra type  slopes. There is no evidence of cryotur-
of vegetation (Ritchieand Cwynar 1982;  bation, but solifluction (on the south
Matthews 1982). The type is equally  slope sites) and animal disturbance are



Figure 39. Facies Potentilla hookeriana - Polemonium acutiflorum.

evidence of disturbance by both squir-
rels and bears. The pH is fairly low, 6.3
+ 0.2. Soils are variable, and include
Pergelic Cryoborolls, Calcic Pergelic
Cryoborolls, Pachic Pergelic Cryobor-
olls, Pergelic Cryochrepts, Calcic Per-
gelic Cryochrepts, Pergelic Cryumbrepts,
Pergelic Cryosaprists, and Pergelic
Cryorthents.

Facies Potentilla hookeriana - Pol-
emonium acutiflorum was described
from the summits of three pingos and
also the south slope of one of the same
three (Fig. 39). Other differentiating

Facies Potentilla hookeriana - Pol-
emonium acutiflorum was described
from the summits of three pingos and
also the south slope of one of the same
three (Fig. 39). Other differentiating
species are Agropyron boreale ssp.
hyperarcticum, Draba glabella, and
Oxytropis maydelliana. Mean pH is 6.6
* 0.4. Fox disturbance estimates are
higher in this facies than in any other.
These are sandy, gravelly sites, and soils
are classified as Pergelic Cryoboroll,
Calcic Pergelic Cryoboroll, or Pergelic

Cryorthent. Although the species com-
position is different, this community has
a striking physiognomic similarity to
Acomastylis rossii - Polemonium vis-
cosum associated with gophers in the
Colorado alpine (Zwinger and Willard
1972).

Facies Artemisia glomerata is an
outlierrepresented by only a single stand
on pingo no. 15 at the northern tip of the
Toolik River area (Fig. 40). This facies
may represent a more widespread type,
but this could not be documented with

the Prescm data. Itis Poor in species,
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on pingo no. 15 at the northern tip of the
Toolik River area (Fig. 40). This facies
may represent a more widespread type,
but this could not be documented with
the present data. It is poor in species,
dominated by Artemisia glomerata, with
Poa glauca, Bromus pumpellianus, and
Bupleurum triradiatum also conspicu-
ous. It has few species in common with
other facies. Dryas integrifolia was not
present, and the lichen species associ-
ated with Group Dryas integrifolia -
Tortula ruralis were mostly missing.

Figure 40. Facies Artemisia glomerata.

Because Stand Type Poa glauca - Bromus
pumpellianus is a steppe type, and be-
cause the presence of Artemisia species
has been emphasized in the definition of
steppe tundra, primarily due to its abun-
dance in the pollenrecord, it is separated
as a unique type for now. More descrip-
tive work is needed to verify if this will
hold up as a valid type. Soil was not
classified at this site, but it was gravelly
with minimal organics.

Facies Carex obtusata - Saxifraga
tricuspidata was found in eight sites, all

t one (on ninea no. 7 at Toolik River)
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with minimal organics.

Facies Carex obtusata - Saxifraga
tricuspidata was found in eight sites, all
but one (on pingo no. 7 at Toolik River)
in the Kadleroshilik study area. These
are the most well-developed examples
of steppe-tundra vegetation on the pin-
gos, and probably represent the north-
emmost examples of steppe tundra in
North America today (Fig. 41). Dryas
integrifolia has less than 1% cover or is
absent entirely. Other vascular differen-

tiating species are Anemone drummon-
dii, Phlox sibirica, Polemonium bore-
ale, Minuartia arctica, Astragalus
aboriginum, and Saxifraga reflexa.
Several fairly significant range disjunc-
tions are found here, including Saxi-
fraga reflexa, Pulsatilla patens, and
Eritrichum aretioides. Erigeron muirii,
anorth slope endemic found primarily in
the foothills of the Brooks Range, was
foundonly inthis facies. Carex obtusata
and Pulsatillapatens are listed by Yurtsev
(1982) as important in many modern
analogs of Pleistocene steppe vegeta-

}'on ese are E}enerallv considered as
¢ foothills of the Brooks xange, was

found only in this facies. Carex obtusata
and Pulsatillapatens are listed by Yurtsev
(1982) as important in many modern
analogs of Pleistocene steppe vegeta-
tion. These are generally considered as
characteristic of meadow steppe types
(Aleksandrova 1980). No exact meas-
urements are available, but snow cover
is probably thin to absent in most sites.
Slopes may be very steep (up to 30°), and
soils are sandy gravel. There is no evi-
dence of cryoturbation, little microre-
lief, and pH is low, 6.0 £ 0.3.



Figure 41. Facies Carex obtusata - Saxifraga tricuspidata.

All of the south slope types would be
considered calcareous when compared
to other arctic areas, but within this cal-
careous area there is a gradient related to
pH, carbonates, and other soil chemical
factors. Within the range of pHs present
onthe pingos, the best examples of steppe
types are present on sites with the lowest
pH. This is somewhat surprising, as
steppe-tundra types have generally been
associated with the most calcareous soils
in any given region.

Facies Kobresiamyosuroides - Salix

elauea is found mainlv on summits in
steppe-tundra types have generally been

associated with the most calcareous soils
in any given region.

Facies Kobresia myosuroides - Salix
glauca is found mainly on summits in
the Toolik River area; it was also de-
scribed from the south slope of pingo no.
10 in the Kadleroshilik study area. This
type is characterized by the presence of
erect shrubs in the genus Salix (Fig. 42).
Salix lanara may be present, as well as
the dwarf shrub Arctous rubra. Dryas
integrifolia is present, and may have

cover values as high as 25%, although
generally less. This is nota steppe type,
but it does have a relationship to the
steppes. Calamagrostis purpurascens is
an associated species. These sites are
very heavily disturbed by digging squir-
rels, and the ground is generally com-
plex, with multiple burrow openings.
Estimated disturbance by squirrels was
3.0£0.50n a 4 point scale. No cryotur-
bation was noted in any of the samples,
and microrelief is high but variable, 27 £
10 cm. Soil pH is moderate, 6.5 £ 0.3.
Soils are variable and include Pergelic

Crvoborolls. Pergelic Cryochrents, Per-
30+ 0.500n ad po?nt scale. No cryotur-

bation was noted in any of the samples,
and microrelief is high but variable, 27 +
10 cm. Soil pH is moderate, 6.5 £ 0.3.
Soils are variable and include Pergelic
Cryoborolls, Pergelic Cryochrepts, Per-
gelic Cryumbrepts, Pergelic Cryosa-
prists, and Pergelic Cryorthents.
Vegetation dominated by Kobresia
myosuroides-and“Salix spp. has been
described from the Brooks Range (Salici
dodgeanae - Kobresion myosuroidis of
Cooper 1986) and Iceland (Kobresia
myosuroides - Salix lanata community

Figure 42. Facies Kobresia myosuroides - Salix glauca.

of Gunnlaugsdéttir 1985). Kobresia
myosuroides dominated associations are
uncommon in Alaska. Itspresenceisnot
uncommon, but it is generally a rather
minorcomponent (Spetzman 1959; Drew
and Shanks 1965; Johnson et al. 1966).
Hanson (1951) described it in associa-
tion with Dryas octopetala and
Hedysarum alpinum ssp. americanum.
Batten (1977) reported it as common on
dry, calcareous alluvial fans often in
association with Carex misandra, C.
rupestris, and C. scirpoidea in the north-
ern Brooks Range. Dryas integrifolia,

Arcious rubra, and Salix reticulata
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dry, calcareous alluvial fans often in
association with Carex misandra, C.
rupestris, and C. scirpoideain the north-
ern Brooks Range. Dryas integrifolia,
Arctous rubra, and Salix reticulata
dominate these Brooks Range sites. In
the northern foothills, Kobresia myo-
suroides is associated with Dryas oc-
topetala, Selaginella sibirica and Minu-
artia obtusiloba on snow-free sandstone
outcrops (Walker et al. 1987a). Kobre-
sia myosuroides has a circumpolar dis-
tribution (Hultén 1968). Komérkovd

(1981)discussed the problems of placing
Kobresiamyosuroides communities into
higher levels of classification; she di-
vided them into three broad groups: (1)
zonal alpine, (2) nonzonal alpine, and (3)
arctic, Thus, despite the similar ecology
of Kobresia myosuroides throughout its
range, its syntaxonomy is complex.

Stand Type Carex rupestris -
Saxifraga oppositifolia. This is the best
expression of the south slope vegetation
that has been only minimally disturbed
by animals in the Prudhoe Bay and
Kuparuk study areas (Fig. 43). It is

Oldlu LYPC Lurca  fupossrd
Saxifraga oppositifolia. Thisis the best
expression of the south slope vegetation
that has been only minimally disturbed
by animals in the Prudhoe Bay and
Kuparuk study areas (Fig. 43). It is
relatively common in the Toolik River
area, but is not found at Kadleroshilik,
and is subdivided into three facies. Itis
characterized by cover values of Carex
rupestris as high as 40%, and also by
highcoverof Dryas integrifolia, ranging
from 10 to 70%. Other differentiating
species are Oxytropis jordalii, Carex



Figure 43. Stand Type Carex rupestris - Saxifraga oppositifolia.

scirpoidea, and Lecanora luteovernalis.
Walker (1985a) described Dry, Dryas
integrifolia, Saxifraga oppositifolia,
Lecanora epibryon dwarf shrub, crustose
lichentundrafromdry sites with evidence
of cryoturbation at Prudhoe Bay. On the
pingos, however, there waslittle evidence
for cryoturbation. These are relatively
stable sites with little microrelief. The
pHis high, 6.9 £0.1. Soils are primarily
Pergelic Cryoborolls, but also include
Calcic Pergelic Cryoborolls, Pachic
Pergelic Cryoborolls, Pergelic
Cryochrepts, Pergelic Cryaquept, and
Pergelic Cryorthent.

pHis high, 6.9+ 0.1. Soils are primarily
Pergelic Cryoborolls, but also include
Calcic Pergelic Cryoborolls, Pachic
Pergelic Cryoborolls, Pergelic
Cryochrepts, Pergelic Cryaquept, and
Pergelic Cryorthent.

Both Carex rupestris and Saxifraga
oppositifolia are arctic-alpine, circum-
polar species; both are also components
of the polar deserts (Hultén 1968;
Aleksandrova 1980). Carex rupestris is
an important component of alpine vege-
tation in southern areas as well
(Komirkovd 1979). Cooper’s (1986)

Caricetum scirpoideo - rupestris in the
Brooks Range is very similar to this, the
major difference being the abundance of
Dryas octopetala in the alpine types and
Dryas integrifolia on the pingos. Coo-
per(1986) allied the Brooks Range types
to the southern Rocky Mountain types
(Cox 1933; Curry 1962; Michener 1964;
Kiener 1967; Marr 1967; Bamberg and
Major 1968; Komdrkov4 1979; Willard
1979). He felt that the primary differ-
ence between these sites and the Brooks
Range sites was that the Brooks Range
sites were often snow-covered in winter.

The pingo communities of this type are
Major 1968; Komdrkov4 1979; Willard

1979). He felt that the primary differ-
ence between these sites and the Brooks
Range sites was that the Brooks Range
sites were often snow-covered in winter.
The pingo communities of this type are
snow-free throughout the year.

Facies Carex petricosa - Carex nar-
dina is found mainly in the Toolik River
area; one stand was described from
Prudhoe Bay. These stands are related to
the herbaceous-cryophyte vegetation that
Yurtsev (1982) states has the general

Figure 44. Facies Carex petricosa - Carex nardina.

aspect of a steppe butischaracterized by
arctic-alpine species (Fig. 44). Other
vascular differentiating species are
Hedysarum alpinum ssp. americanum
and Braya glabella. Thalictrum alp-
inum is associated. Kobresia myosuroi-
des is present in all but one of the stands.
These are some of the most calcic sites,
with pH of 7.2 + 0.1, Soils are Pergelic
Cryoborolls or Calcic Pergelic Cryobor-
olls.

Carex nardina is a dominant species
in high alpine areas south of Alaska
(Douglas and Bliss 1977, Komarkov4

1979). Its status within Alaska, how-
Cryoborolls or Calcic Pergelic Cryobor-

olls.

Carex nardina is a dominant species
in high alpine areas south of Alaska
(Douglas and Bliss 1977; Komdérkovd
1979). Iis status within Alaska, how-
ever, is uncertain, and surveys of many
areas have failed to locate it (Batten
1977, Kassler 1980). Cooper (1986)
described it from exposed limestone
bedrock outcrops in the Arrigetch Creek
Valley of the Brooks Range (Cetrario
tilesii - Caricetum nardinae), but the
association generally does not match

well. Itis possible that Carex nardinais
more widespread in Alaska, asitis easily
confused with Kobresia myosuroides,
which has a similar ecology. Carex
narding is found in some of the most
exposed, calcareous sites in Siberia
(Yurtsev 1982), Greenland (Bocher
1954), and Spitsbergen (Acock 1940;
Renning 1965).

Facies Carex franklinii - Salix bra-
chycarpa ssp. niphoclada is an outlier
that was present on the summit and south
slope of pingo no. 27 in the Toolik River
area (Fig. 45). There are no other differ-

Facies Carex franklinii - Salix bra-
chycarpa ssp. niphoclada is an outlier
that was present on the summit and south
slope of pingono. 27 in the Toolik River
area (Fig. 45). There are no other differ-
entiating or associated species. Qverall
it is similar to Facies C. petricosa - C.
nardina, but neither of these species is
presentin thistype. Kobresia myosuroi-
desis presentin both of the stands. These
are also very calcic sites, withpH of 7.1,
and the soils are classified as Pergelic
Cryoboroll and Pergelic Cryochrept.



Figure 45. Facies Carex franklinii - Salix brachycarpa ssp. niphoclada.

Facies Carex rupestris - Saxifraga
oppositifolia is differentiated from oth-
ers within this stand type by a group of
eight species, primarily lichens (Fig. 46).
The two most important differentiating
species are Dactylina arctica and Fistu-
lariella almquistii. This type is most
common in the Kuparuk study area, but
has a few occurrences at Prudhoe Bay
and Toolik River. It has minimal animal
disturbance and occurs on more gentle
slopes than the more typical south slope
communities at Prudhoe Bay. Slope is
only 7+ 1°, and there is little evidence of
cryoturbation or animal disturbance.
Mean pH is 6.9 £0.02. Soils are mainly
Pergelic Cryoborolls, but also include
Ay A te i Beelifre e B Bilinoe B4y
and Toolik River, It has minimal animal
disturbance and occurs on more gentle
slopes than the more typical south slope
communities at Prudhoe Bay. Slope is
only 7% 1°, and there is little evidence of
cryoturbation or animal disturbance.
Mean pH is 6.9 £0.02. Soils are mainly
Pergelic Cryoborolls, but also include
Calcic Pergelic Cryoborolls, Pachic
Pergelic Cryoborolls, Pergelic Cryo-
chrepts, Pergelic Cryaquepts, and Per-

Snowbeds

These sites are included in Group
Dryas integrifolia - Tomenthypnum
nitens, with the exception of Stand Type
Phippsia algida - Saxifraga rivularis,
whichisnotincluded in any higherclass.
The snowbeds show the most clear rela-
tions to other arctic and alpine types
described from the circumpolar region
(Aleksandrova 1980).

Stand Type Phippsia algida - Saxi-
fraga rivularis. This type is present on
the leeward base of pingo no. 13 in the
Kuparuk area and below a permanent
snowbank at the base of pingo no. 41 in
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described from the circumpolar region
(Aleksandrova 1980).

Stand Type Phippsia algida - Saxi-
fraga rivularis. This type is present on
the leeward base of pingo no. 13 in the
Kuparuk area and below a permanent
snowbank at the base of pingo no. 41 in
the Kadleroshilik area (Fig. 47). These
are both large pingos with steep slopes at
theirleeward base. Pingono. 13doesnot

Figure 46. Facies Carex rupestris - Saxifraga oppositifolia.
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undoubtedly very late-lying. Phippsia
algida was observed just putting out
leaves at this site in late August, when
most of the tundra had begun to senesce.

These are rather unusual sites that
have not been described elsewhere on
the coastal plain. They are more closely
related to alpine snowbed types than to
most of the snowbeds found associated
with the pingos. One species found at
Kadleroshilik pingo, Stellaria umbellata,
is not known elsewhere on the coastal
plain, and is generally rare and limited to
specific alpine habitats (Hultén 1968). It
is infrequent in the southern Rockies
(Little 1941; Scott 1966, Weber 1976;
Komirkovd 1979). Koenigia islandica,
which was also found at Kadleroshilik,
is an alpine snowbed plant that is also
fairly common in barren areas near the
coast. This is the only annual known
from this region. It is also present but
rare in the Colorado Rockies, where its
ecology is similar in similar sites (Weber
1976; Komdrkovd 1979). Phippsia al-
gida, which is known only from these
deep snowbeds within the study region,
is a characteristic plant of the very high
latitude polardeserts (Korotkevich 1958;
Aleksandrova 1980). These pingo sites
have very few species in common with
Group Dryas integrifolia - Toment-
hypnum nitens. They are wet sites with
some standing water and very shallow
thaw. There is some gradation with
Stand Type Salix rotundifolia - Dryas
integrifolia. Microrelief is minimal, and

pHislow. 5.4 +0.3. Soils are Pereelic
have very few species in common with

Group Dryas integrifolia - Toment-
hypnum nitens. They are wet sites with
some standing water and very shallow
thaw. There is some gradation with
Stand Type Salix rotundifolia - Dryas
integrifolia. Microrelief is minimal, and
pH is low, 5.4 £0.3. Soils are Pergelic

Cryosaprists.

Group Dryas integrifolia - Toment-
hypnum nitens

within it. There are 22 ubiquitous spe-
cies associated with the group, and 9
associated species. Some of the more
important ubiquitous species are Salix
reticulata, Cetraria nivalis, Cetraria is-
landica ssp. islandica, Cetraria cucul-
lata, and Pedicularis capitata. Stand
types within the group range from late-
lying snowbed sites with some relation-
ship to Stand Type Phippsia algida -
Saxifraga rivularis todry sitesrelated to
stand types described from the north and
south slopes.

Stand Type Salix rotundifolia -
Dryas integrifolia. This type is found at
the leeward base of pingos and is charac-
terized by dominance of S. rotundifolia,
with cover values as high as 90% (Fig.
48). These sites are sometimes fairly
poor in species compared to other stand
types. They are underdeep snow and are
poorly drained, and snow cover proba-
bly lasts at least several weeks after
regional meltout. Other differentiating
species are Arctagrostis latifolia and
Carex bigelowii, both commonin ground
disturbed by solifluction. Stereocaulon
alpinum is frequent in these sites and
may be a subdominant. There are two
facies within Stand Type Salix rotun-
difolia - Dryas integrifolia, related to
moisture and disturbance gradients.
Thaw is shallow, with a depth of 39+ 2
cm, and pH is moderate, 6.510.1. There
is no evidence of cryoturbation, and
microrelief is moderate, with a height of
}:?ciie-s3v3u 'insé)tléxslfr i"y’Bg lgla\;bl? errogt?tlrlic-
difolia - Dryas integrifolia, related to
moisture and disturbance gradients.
Thaw is shallow, with a depth of 39+ 2
cm, and pH is moderate, 6.510.1. There
is no evidence of cryoturbation, and
microrelief is moderate, with a height of
13 £ 3 cm. Soils are mainly Pergelic
Cryaquolls, but Pergelic Cryoborolls,
Calcic Pergelic Cryoborolls, Cumulic
Pergelic Cryoborolls, Pergelic Cryo-
chrepts, Pergelic Cryumbrepts, Pergelic
Cryaquepts, Histic Pergelic Cryaquepts,

Figure 48. Stand Type Salix rotundifolia - Dryas integrifolia.

This stand type appears to fit within
Cooper’s (1986) provisional Polygono
vivipari - Salicion rotundifoliae. It is
equivalentto Walker’s (1985) Moist Salix
rotundifolia, Equisetumscirpoides dwarf
shrub tundra. Salix rotundifolia types
have been described from many sites in
Alaska (Clebsch 1957; Shacklette 1969;
Anderson 1974; Komérkov4 and Webber
1976; Webber 1978; Racine and Ander-
son 1979; Viereck et al. 1986). Salix
rotundifolia is a Beringian endemic
limited primarily to Alaska; it is known
from only a few localities in eastern
Siberia, including Wrangel Island (Pet-
rovsky 1967; Hultén 1968; Aleksandrova
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1976; Webber 1978; Racine and Ander-
son 1979; Viereck et al. 1986). Salix
rotundifolia is a Beringian endemic
limited primarily to Alaska; it is known
from only a few localities in eastern
Siberia, including Wrangel Island (Pet-
rovsky 1967; Hultén 1968; Aleksandrova
1980). Salix rotundifolia types are re-
lated to Salicetalia herbacea (Nordhagen
1643) in Scandinavia, which has a simi-
lar growth habit.

Faciee Caliv ratrundifnlin _ £ vt e

mineral soils that are disturbed by soli-
fluction and lemming burrows (Fig. 49).
Other important species in this facies
include Trisetum spicatum, Lloydia se-
roting, and Petasites frigidus. Slopesare
fairly steep, 19 £ 2°, and since they are
also leeward, these sites are some of the
most protected from wind, and probably
the most deeply covered by snow. Thaw
is moderately deep (52 £ 12 cm) due to
the well-drained mineral soils. Instabil-
ity values were the highest of any group
(3%£0.2 on a4 point scale), but soils were
not cryoturbated. The importance of
solifluction isreflected by a great amount
of microrelief, 24 + 13 cm. Soil pH is

R
is moderately deep (52 + 12 ¢cm) due to
the well-drained mineral soils. Instabil-
ity values were the highest of any group
(31£0.2 on a4 point scale), but soils were
not cryoturbated. The importance of
solifluction isreflected by a greatamount
of microrelief, 24 + 13 cm. Soil pH is
low, 6.3 £ 0.4. Soil type is variable,
depending on the exactsite, and includes
Pergelic Cryoboroll, Calcic Pergelic
Cryoboroll, Pergelic Cryaquoll, Pergelic
Cryumbrept, and Pergelic Cryaquept.

P TN S . .U



Figure 49. Facies Salix rotundifolia - Oxyria digyna.

1968; Aleksandrova 1980). On the pin-
gos, and in the Prudhoe Bay region
generally (Walker 1985a), itis limited to
these unstable sites on mineral soil.
Batten (1977) describes its habitat in the
northern Brooks Range as “...gravelly
seepy areas on slopes.” Cooper (1986)
lists it as diagnostic for Polygono vivi-
pari - Salicion rotundifoliae. It is associ-
ated with late-melting snow patches on
mineral soils in many arctic and alpine
areas of the world (Komdrkovd 1979;
Aleksandrova 1980).

Facies Salix rotundifolia - Eviopho-
rum ftriste is on more stable sites with
gentle slopes, less drainage, and more

A TR AL A
ated with late-melting snow patches on
mineral soils in many arctic and alpine
areas of the world (Komarkova 1979;
Aleksandrova 1980).

Facies Salixrotundifolia- Eriopho-
rum triste is on more stable sites with
gentle slopes, less drainage, and more
wet, organic-rich (but still mineral) soils
(Fig. 50). Other important vascular
species include Equisetum scirpoides,
Equisetum variegatum, Pedicularis

few places where hepatics are regularly
found, and some of the commen ones are
Anastrophyllum minutum, Blepharos-
toma trichophyllum, and Ptilidium
ciliare. Eriophorum vaginatum, which
is dominant over most acidic areas of the
coastal plain, may be found in this facies
in the more acidic areas. These are some
of the least deeply thawed sites, only 37
+ 2 cm. They are not cryoturbated, and
micro-relief is only moderate, 9 = 0.8
cm. The pH is fairly alkaline, 6.6 +0.1.
Soils are primarily Pergelic Cryaquolls,
Histic Pergelic Cryaquepts, and Pergelic
Cryaquepts, but there are scattered oc-
currences of Pergelic Cryoborolls, Cu-
mulic. Pergelic Cryoborolls, Pergelic
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*2cm. They are not cryoturbated, and
micro-relief is only moderate, 9 0.8
cm. The pH is fairly alkaline, 6.6+ 0.1.
Soils are primarily Pergelic Cryaquolls,
Histic Pergelic Cryaquepts, and Pergelic
Cryaquepts, but there are scattered oc-
currences of Pergelic Cryoborolls, Cu-
mulic. Pergelic Cryoborolls, Pergelic
Cryochrepts, Pergelic Cryumbrepts, and
Pergelic Cryorthents.

This facies represents the best ex-
pression of Walker’s (1985a) Moist Salix

Figure 50. Facies Salix rotundifolia - Eriophorum triste. General site aspect (a) and
close-up of vegetation (b).



Figure 51. Stand Type Cassiope tetragona - Dryas integrifolia.

Eriophorum angustifolium (includes E.
triste and E. angustifolium ssp.
subarcticum), Dryas integrifolia, Tom-
enthypnum  nitens, Thamnolia
subuliformis sedge, dwarf shrub tundra.
Eriophorum triste is abundant in mesic
upland tundra at Prudhoe Bay; itisa high
arctic species that extends south into the
boreal forest, and it is not found in the
alpine.

Stand Type Cassiope tetragona -
Dryas integrifolia. This is the most
complex stand type, and it contains
considerable floristic and microsite vari-

ability (Fig. 51). It contains 55 stands
poreal IOTEST, 4nd 1L 18 NOL IOUNU M1 e

alpine.

Stand Type Cassiope tetragona -
Dryas integrifolia. This is the most
complex stand type, and it contains
considerable floristic and microsite vari-
ability (Fig. 51). It contains 55 stands
united as a single type by the presence of
both type species. Other differentiating
species for this stand type are Hylo-
comium splendens, Peltigera aphthosa,
and Minuartia arctica. . There are 25

nation of a temperature and acidity gra-
dient within the stand type. Compared to
the circumpolar vegetation, this would
be a calcareous type, as evidenced by the
importance of Dryas integrifolia. Slopes
are moderate to steep, 12 + 1°, and mi-
crorelief is well developed, with a height
of 21 +2 cm. Microrelief is expressed
as a series of evenly-spaced, relatively
homogeneous hummocks. Dryas inte-
grifoliais mainly on the hummocks, and
Cassiope tetragona is on both hummock
and inter-hummock areas. Foliose li-
chens, mainly Cetraria spp. and Dac-
tylina spp., are in the inter-hummock

sites.
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homogeneous hummocks. Dryas inte-
grifolia s mainly on the hummocks, and
Cassiope tetragona is on both hummock
and inter-hummock areas. Foliose li-
chens, mainly Cetraria spp. and Dac-
tylina spp., are in the inter-hummock
sites.

The origin of these hummocks is not
well understood. Everett (1980a) attrib-
uted them to erosion following snow
melt, arapid event that would be difficult
to observe and document. Theiroriginis
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about 1 to 3 m across are common as
these slopes steepen during the first
phases of pingo formation. These subse-
quently break up into smaller pieces, and
shrubs, such as Dryas integrifolia, Cas-
siope tetragona, and Salix spp., persist
on the colluviated ground. Subsequent
erosion between these shrubs intensifies
the hummocky terrain. Soils are gener-
ally fairly organic on the hummocks, but
are mineral between hummocks. The
most common type is Pergelic Cryobor-
oll, but all except three of the soil types
described from the pingos may be asso-
ciated with this stand type.

Vegetation dominated by Dryas and
Cassiope has been described from snow-
beds throughout the arctic (Sochava
1934; Gorodkov 1944; Polunin 1948;
Porsild 1951; Bécher 1954; Churchill
1955; Holmen 1957; Svoboda 1972,
1973, 1977; Pospelova 1974; Aleksan-
drova 1980). Cassiope tundras are par-
ticularly well developed on Spitsbergen
(Summerhayes and Elton 1923), although
there is no Dryas integrifolia there, only
Dryas octopetala. On the pingos, Cassi-
ope tetragona reaches its peak in the
more alkaline sites, although these mi-
crosites are acidic when compared with
the drier pingo microsites.

Cooper (1986) proposed the provi-
sional alliance Cassiopo tetragonae -
Dryadion alaskensis in a provisional
order of the same name. The diagnostic
species for the alliance are all found
within this stand type as it is defined here

(withthe exception of Campylium halleri,
LS Uner pingo miCTosIes.

Cooper (1986) proposed the provi-
sional alliance Cassiopo tetragonae -
Dryadion alaskensis in a provisional
order of the same name. The diagnostic
species for the alliance are all found
within this stand type asitis defined here
(with the exception of Campylium halleri,
which was not found in this study). The
major difference is again the presence of
Dryas octopetalarather than Dryas inte-
grifolia. Others have classified Dryas -
Cassiope tundras somewhat differently.
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tain associations into Kobresieto - Dry-
adion, while Rgnning (1965) placed the
Spitsbergen association Tetragona Dry-
adetum in Dryadion.

Subtype Vaccinium uliginosum -
Salix glauca, Thissubtypeisfoundonly
in the Toolik River and Kadleroshilik
study areas, and is dependent on the
warm temperatures present in those sites.
It is characterized by the presence of
Vaccinium uliginosum and usually also
Salix glauca (Fig. 52). Salix glauca is
generally not dominant in most stands,
and is often less than 20 cm high. In a
few stands, however, it is erect and over
50 cm tall. There is only one additional
differentiating species, Aulacomnium
acuminatum, and the two facies within
the type are distinct and related to soil
acidity. Slopes are moderate, 11 + 1°,
and microrelief height is typical for this
stand type,23+4cm. MeanpHis 6.0+
0.2. Eight different soil types were rec-
ognized, and the most common are Per-
gelic Cryosaprist and Histic Pergelic
Cryaquept.

Vaccinium uliginosum is a charac-
teristic species of the ericaceous tundras
often associated with snow patches
throughout the circumpolar region
(Aleksandrova 1980). Itisrare at Prudhoe
Bay (Walker 1985a), but quite common
south of there (Walker and Acevedo
1687). This subgroup has many simi-
larities to Cooper’s Carici scirpoideae -
Vaccinietum uliginosi, again with the

major difference being the Dryas spe-
Irougnout tne Circumpolar region

(Aleksandrova 1980). Itisrare at Prudhoe
Bay (Walker 1985a), but quite common
south of there (Walker and Acevedo
1987). This subgroup has many simi-
larities to Cooper’s Carici scirpoideae -
Vaccinietum uliginosi, again with the
major difference being the Dryas spe-
cies.

Facies Ledum decumbens - Betula
nana is the more acidic of the two facies
within this subtype (Fig. 53). Itis found



Figure 53. Facies Ledum-decumbens - Betula nana.

Dryas integrifolia is of minimal impor-
tance, but was present in all stands sur-
veyed. Other differentiating species
include Saxifragapunctara, Pyrola gran-
diflora, and Polytrichum juniperinum.
In the most acidic sites Vaccinium vitis-
idaeaand Empetrum nigrum are present.
At a few sites, none of which were
sampled, Sphagnum warnstorfii was the
dominant moss species. Two sites in-
cluded within this facies are actually
from south slopes rather than leeward
sides. These were the areas with the
tallest Salix glauca individuals; they were
on the lower part of the slope, and are
probably covered by snow all winter.
This combination of winter snow protec-
tion combined with warm summer tem-
peratures allows for the very robust and
upright growth of these shrubs. Mean
slope is 16 £ 3°. These areas often had
relatively high amounts of cryoturbation
evident, with as much as 45% coverage
of cryoturbated ground. Microrelief is
very well developed, with a height of 38
+ 8 cm. Mean pH is 4.8 (.3, and the
lowest pH measured, 3.8, was within this
type. Soils are Histic Pergelic
Cryaquepts, Pergelic Cryaquepts, Per-
gelic Cryorthents, or Pergelic Cryum-
brept.

This type is similar to Walker etal.’s
(1987) Community Type Betula nana -
Rubus chamaemorus, and Cooper’s
(1986) Betulo glandulosae - Alnetum
crispae, butin both cases differs with one
or more dominant species. Lambert’s
gl?ég) Betulo - Ledetum decumbentis is

This type is similar to Walkeretal.’s
(1987) Community Type Betula nana -
Rubus chamaemorus, and Cooper’s
(1986) Betulo glandulosae - Alnetum
crispae, butin both cases differs with one
or more dominant species. Lambert’s
(1968) Betulo - Ledetum decumbentis is
also similar, but is a much taller shrub
type than on the pingos, and is domi-
nated by Betula glandulosa rather than
B. nana.

Facies Arctous rubra - Rhododen-

with Vaccinium uliginosum and Salix
glauca in the more alkaline Toolik River
area (Fig. 54). Coverage by Arctous
rubra is variable, but may be as high as
40%. Dryas integrifolia is a codomi-
nant, with cover values ranging from 10
t035%. Other differentiating species are
Anemone parvifloraand Hedysarumalp-
inum ssp. americanum. Lupinus arc-
ticus is frequently present and very con-
spicuous. Slopes are gentle (8 £1°) and
appear stable. Microrelief heightis 15+
2 cm, and mean pHis 6.6 £0.1, which is
high for a snowbed site.

This type is similar to Walkeretal.’s
(1987) community type Vaccinium uligi-
nosum - Arctous alpina, the primary
difference being the presence of Arcrous
alpina rather than Arctous rubra on the
pingos. Generally, Arctous rubra is
more of a coastal plain species, while
Arctous alpina is more common in al-
pine areas (Hultén 1968), although they
may occur together (Batten 1977). This
community has connections to Lambert’s
(1968) Lupino - Dryadetum alaskensis
and Cooper’s (1968) Carici scirpoidae -
Vaccinietum uliginosi. Porsild (1951)
described communities in northwestern
Canada with Betula glandulosa, Ledum
decumbens, Rhododendron lapponicum,
Arctous alpina, Cassiope tetragona,
Vaccinium uliginosum, and Vaccinium
vitis-idaea,and Polunin (1948)described
similar types in Labrador. The separa-
tion of Betula sp. and Ledum decumbens
from Arctous sp. and Rhododendron
lapponicum was not evident in those
Arctous alpina, Cassiope tetragona,
Vaccinium uliginosum, and Vaccinium
vitis-idaea,and Polunin (1948)described
similar types in Labrador. The separa-
tion of Betula sp. and Ledum decumbens
from Arctous sp. and Rhododendron
lapponicum was not evident in those
sites. Sgrenson (1937) described a Vac-
cinium uliginosum, Rhododendron lap-
ponicum, Salix arcticacommunity from
Greenland.

Facies Cassiope tetragona - Dryas



Figure 54. Facies Arctous rubra - Rhododendron lapponicum.

Vaccinium uliginosum - Salix glauca. It
is found primarily at the Prudhoe Bay
and Kuparuk study areas, although two
stands from Kadleroshilik were also
assigned to it. There are three
differentiating species, Polytrichastrum
alpinum, Hypnum procerrimum, and
Cetraria laevigata, but the facies is
defined primarily by the absence of
Vaccinium uliginosum and the increased
importance of Cassiope tetragona (Fig.
55). Coverage of Cassiope tetragona
may be as high as 40% in this type, and
is always at least 10%, whereas its range
in other facies within this stand type is
only 0.3 to 35%. Coverage of Dryas
integrifoliaranges from 1010 55%. This
Geiinta’ pHifafity 6y the oWl of
Vaccinium uliginosum and the increased
importance of Cassiope tetragona (Fig.
55). Coverage of Cassiope tetragona
may be as high as 40% in this type, and
is always at least 10%, whereas itsrange
in other facies within this stand type is
only 0.3 to 35%. Coverage of Dryas
integrifoliaranges from 10to 55%. This
facies is the equivalent of Walker’s
(1985a) Dry Dryas integrifolia, Cassiope
tetragona, Cetraria nivalis dwarf shrub,

+2°, and thaw is fairly deep, 52+ 5 cm.
Hummocks are always present, and their
mean heightis 18 +4 cm. MeanpHis 6.4
% 0.2. Soils are mainly Pergelic Cryo-
borolls, although Calcic Pergelic Cryo-
borolls, Pergelic Cryaquolls, Pergelic
Cryumbrepts, Pergelic Cryaquepts, and
Pergelic Cryorthents were also noted.

Stand Type Dryas integrifolia -
Astragalus umbellatus - Carex rupestris.
This type isincluded within this group as
a snowbed type, but it includes some
sites that may be above the snowbank

-and snow-free most of the year (Fig. 56).

Dryas integrifoliaisdominantinall cases,
with cover ranging from 30 to 75%, but
Tomenthypnum nitens is of less impor-

Stand Type Dryas integrifolia -
Astragalus umbellatus -Carexrupestris.
This type is included within this group as
a snowbed type, but it includes some
sites that may be above the snowbank

-and snow-free most of the year (Fig. 56).

Dryasintegrifoliaisdominantinall cases,
with cover ranging from 30 to 75%, but
Tomenthypnum nitens is of less impor-
tance in these sites, usually with only a
few percent cover. Astragalus umbella-

Figure 55. Facies Cassiope tetragona - Dryas integrifolia. General site aspect (a)
and close-up of vegeration (b).



Figure 56. Stand Type Dryas integrifolia - Astragalus umbellatus - Carex rupestris.

common. Of the four differentiating
species, three are lichens: Hypogymnia
subobscura, Ochrolechia frigida, and
Cornicularia divergens. There is mini-
mal cryoturbation, and microrelief height
is variable, with a mean of 21 * 2 cm.
Mean pH is alkaline, 6.9 +.05. Soils are
mainly Pergelic Cryoborolls, but Calcic
Pergelic Cryoborolls, Pergelic
Cryaquolls, Pergelic Cryochrept, Calcic
Pergelic Cryochrepts, Histic Pergelic
Cryaquepts, and Pergelic Cryorthents
were also present.

A similar type is also known from
Point Barrow (Wiggins and Thomas
1962), where it is found on beach ter-
races. The brightly colored Astragalus

Soipuaie - wPpudiviie, i uiguiie
Cryaquolls, Pergelic Cryochrept, Calcic
Pergelic Cryochrepts, Histic Pergelic
Cryaquepts, and Pergelic Cryorthents
were also present.

A similar type is also known from
Point Barrow (Wiggins and Thomas
1962), where it is found on beach ter-
races. The brightly colored Astragalus
umbellatus gives the community its dis-
tinctive appearance, but when this is not
flowering it has a similar appearance to
Dryasoctopetalassp. hookeriana - Carex

Komérkovd 1979). It is also related to
Cooper’s (1986) Pediculari kanei - Dry-
adion octopetalae.

Facies Dryas integrifolia - Astra-
galus umbellatus - Kobresia-myosuroi-
des is limited to the Toolik River area
and toasingle pingo inthe Kuparuk area.
Differentiating species other than Kob-
resiamyosuroides are Oxytropis jordailii,
Alectoria nigricans, and Ochrolechia
upsaliensis (Fig. 57). There are no asso-
ciated species. These sites appear to be
slightly more moist and have somewhat
more organic soils than other sites within
the stand type. Mean slope is 12 *+ 1°,
and soils are stable, with little evidence

Eanditneiig SPULILe Wtiiva s 1A U0
resiamyosuroides are Oxyrropis jordallii,
Alectoria nigricans, and Ochrolechia
upsaliensis (Fig. 57). There are no asso-
ciated species. These sites appear to be
slightly more moist and have somewhat
more organic soils than other sites within
the stand type. Mean slope is 12+ 1°,
and soils are stable, with little evidence
of cryoturbation or movement. Microre-
lief is moderate, 16 + 2 cm. The pH is
high, 7.0 £ .05. Soils are variable, and
include all types found within the stand

Figure57. Facies Dryasintegrifolia- Astragalus umbellatus - Kobresia myosuroides.

Figure 58. Facies Carex rupestris - Oxytropis nigrescens.



All Classification Entities

Dryas Integrifolia
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Figure60. Isoline diagram of the coverage of Dryasintegrifolia within the ordination

of the groups, stand types, and facies.
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Figure 59. Simultaneous ordination of all groups, stand types, and facies. Input was
mean percent cover for all species that occurred anywhere in an entity. Stand types
and their associated facies are given the same symbol. Group positions are
represented by an empy star. See tables 19 to 21 for abbreviations.
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Other differentiating species are
Fistulariella almquistii and Dicranum
elongatum. This type grades into Stand
Type Dryas integrifolia - Oxytropis
nigrescens, but has more coverage by
Carex rupestris and Dryas integrifolia

Other differentiating species are
Fistulariella almquistii and Dicranum
elongatum. This type grades into Stand
Type Dryas integrifolia - Oxytropis
nigrescens, but has more coverage by
Carex rupestris and Dryas integrifolia
than that type, and less coverage by
Oxytropis nigrescens. Slopes are gentle,
8 £ 1°, and microrelief is often well
developed, with a height of 22+ 5 ¢m.
MeanpHis 6.8+0.1. Soils are primarily
Pergelic Cryoborolls, but include the
other types found within the stand type.

Relationships Between Classification
Entities

When all of the entities are ordinated
_simultaneously, there is a considerable
amount of gradation between the classi-

Relationships Between Classification
Entities

When all of the entities are ordinated
_simultaneously, there is a considerable
amount of gradation between the classi-
fication units at the level of stand type
and facies (Fig. 59). Nevertheless, three
major groups appear. There are several
outliers including Facies Carex petri-
cosa - Carex nardina, Facies Artemisia
glomerata, Stand Type Saxifraga bron-
chialis - Sphaerophorus globosus, and

.03

0 DCA Axis 1 5.76

Figure 61, Isolme diagram of the coverage of Cassiope tetragona within the
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Figure 61. Isoline diagram of the coverage of Cassiope tetragona within the
ordination of the groups, stand types, and facies.

Stand Type Phippsia algida - Saxifraga
rivularis. Isoline diagrams of the cover-
age of Dryas integrifolia, Cassiope
tetragona, and Tomenthypnum nitens
within this ordination space illustrate the

role of these three species in the ordina-
tion (Figs. 60 to 62, respectively). Out-
lying plots are primarily outside the range
of Dryasintegrifolia. Cassiope tetragona
and Tomenthvpnum nitens have similar



292 Tomenthypnum nitens
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Figure 62. Isoline diagram of the coverage of Tomenthypnum nitens within the or-
dination of the groups, stand types, and facies.
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Figure 63. Ordination of Group Dryas integrifolia - Lecanora epibryon showing the
position of Stand Type Saxifraga bronchialis - Sphaerophorus globosus relative to the
rest of _the group. Facies Rhacomitrium lanuginosum - Polytrichum piliferum is

~
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Figure 64. Ordination of stand types and facies within Group Dryas integrifolia -
Lecanora epibryon without Stand Type Saxifraga bronchialis - Sphaerophorus
globosus. Plots within stand types are enclosed by a solid line, within facies by a
dashed line. Each stand type is represented by a unique symbol.

distributions, as both are primarily found
in snowbeds, but T, nitens has a broader
amplitude than C. retragona.

Within Group Dryas integrifolia -
Lecanora epibryon, Stand Type Saxi-
fraga bronchialis - Sphaerophorus glo-
bosus is sufficiently different that when
these stands and facies are ordinated,
this stand type has as much floristic
variation within it as the remaining stand
tvney, 2o FAGieLy ihipuhis. arpip have
Lecanora epibryon, Stand Type Saxi-
fraga bronchialis - Sphaerophorus glo-
bosus is sufficiently different that when
these stands and facies are ordinated,
this stand type has as much floristic
variation within it as the remaining stand
types and facies within this group have
between them (Fig. 63). The stand types
are best separated along the first two
axes in all cases, so here and in the
following examples only the first two
axes are shown. The first ordination
gradient is relatively long (3.2 SDs). In

order to demonstrate better the relation-
ships between the remaining stand types
in this group, a second ordination was
done without Stand Type Saxifraga
bronchialis - Sphaerophorus globosus
(Fig. 64). The stand types are fairly well-
defined, although there are gradations
between them, which is expected. Stand
Type Cerastium beeringianum - Minu-
artia rubella, which is mainly an ex-
Teme cQastal. tyre....erades into Stand
bronchialis - Sphaerophorus globosus
(Fig. 64). The stand types are fairly well-
defined, although there are gradations
between them, which is expected. Stand
Type Cerastium beeringianum - Minu-
artia rubella, which is mainly an ex-
treme coastal type, grades into Stand
Type Dryas integrifolia - Oxytropis ni-
grescens, which is common in dry tun-
drain the Prudhoe Bay region generally.
Facies Carex nardina - Calamagrostis
purpurascens, which is mainly found at
Toolik River, is related to Facies



Stand Types: Summits and South Slopes
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Figure 65. Ordination of stand types and facies within Group Dryas integrifolia -
Tortularuralis. Plots within stand types are enclosed by a solid line, within facies by
a dashed line. Each stand tye is marked by a unique symbol.

Kobresiamyosuroides - Pedicularis capi-
tata in Stand Type Dryas integrifolia -
Astragalus umbellatus. Facies Carex
bigelowii - Cassiope tetragona, whichis
probably ecotonal with snowbed types,
is an outlier.

Group Dryas integrifolia - Tortula

ruralis has much more complex rela-
Kovresiamyosuroides - Pedicularis capi-

tata in Stand Type Dryas integrifolia -
Astragalus umbellatus. Facies Carex
bigelowii - Cassiope tetragona, which s
probably ecotonal with snowbed types,
is an outlier.

Group Dryas integrifolia - Tortula
ruralis has much more complex rela-
tionships between the stand types (Fig.
65). This group has more floristic vari-
ationwithin it (firstordination axis of 5.0
SDs) than does Group Dryas integrifolia
- Lecanoraepibryon. Stand Type Carex

not intergrade with other stand types at
all. Stand Type Cerastium beeringia-
num - Ranunculus pedatifidus and Stand
Type Poa glauca - Bromus pumpellia-
nus, however, have considerable over-
lap, and there is a gradual gradation
between them. The various steppe types

do not form a recognizable grouping.
not intergrade with other stand types at

all. Stand Type Cerastium beeringia-
num - Ranunculus pedatifidus and Stand
Type Poa glauca - Bromus pumpellia-
nus, however, have considerable over-
lap, and there is a gradual gradation
between them. The various steppe types
do not form a recognizable grouping.
Stand Type Phippsia algida - Saxi-
fraga rivularis is sufficiently different
from stands in Group Dryas integrifolia
- Tomenthypnum nitens that the DECO-
RANA program was unable to construct

4.27

Group Dryint-Tomnit

DCA Axis 2

8.T. Phialg-Saxriv

-0t

-0t DCA Axis 1 5.64

Figure 66. Ordination of Group Dryas integrifolia - Tomenthypnum nitens relative
to Stand Type Phippsia algida - Saxifraga rivularis.

is a gap within the ordination (Fig. 66).
This gap supports the separation of this
stand type as separate from the group.
Ordination of the remaining snow-
bed plots shows the three stand types are
well-defined, with minimal overlap (Fig.
67). Within Stand Type Cassiope
tetragona - Dryas integrifolia the facies
are well-defined, and may represent good
associations. Facies Ledum decumbens

- Betula nana and Facies Arctous rubra
Ordination of the remaining snow-

bed plots shows the three stand types are
well-defined, with minimal overlap (Fig.
67). Within Stand Type Cassiope
tetragona - Dryas integrifolia the facies
are well-defined, and may represent good
associations. Facies Ledum decumbens
- Betula nana and Facies Arctous rubra
- Rhododendron lapponicum do not
overlap at all. Nevertheless, they have
been retained as a subgroup because
many of their differentiating species
occur together in other arctic areas

Wildlife on Pingos

Because there are no data available
on the use of pingos by wildlife, and
because animals may have a profound
influence on the vegetation and soils of
the pingos, notes of vertebrate animal
observations were kept (Table 22). These
were in addition to the scalar estimates
of use within each relevé. Twelve spe-

cies of birds. eight mammals. and one
on the use of pingos by wildlife, and

because animals may have a profound
influence on the vegetation and soils of
the pingos, notes of vertebrate animal
observations were kept (Table 22). These
were in addition to the scalar estimates
of use within each relevé. Twelve spe-
cies of birds, eight mammals, and one
fish, in a small pond on top of pingo no.
33 in the Kuparuk area, were observed.
The pingos are used by wildlife through-
out the year, although in winter the
number of species using these areas is



Table 22. Number of animal observations and sign on 30 pingos in July and August, 1984.1

4.22 Stand Types: Snowbeds

MAMMALS

Direct Active Bones or
Species Observation2 Den or Nest Scat Antlers Other

Arctic Fox 3 5 20 5

DCA Axis 2

S.T. Dryimt-Astumb~Camp

0 DCA Axis 1 3.48

Figure 67. Ordination of stand rypes and facies within Group Dryas integrifolia -
Tomenthypnum nitens. Stand types are enclosed within solid lines, facies within
dashed lines. Each stand type is represented by a unique symbol.

1986, when snow measurements were
made on the pingos, several groups of
caribou were observed feeding in snow-
free areas on the pingos. Snow depths at
thattime were approximately 40 cmover
much of the landscape, and pingos were
theonly snow-free areas. Itis hkely they

caribou were observed fcedmg in snow-
free areas on the pingos. Snow depths at
that time were approximately 40 cmover
much of the landscape, and pingos were
the only snow-free areas. Itislikely they
are important winter habitat for the small
herd of caribou that remains in the region
all year.

Pingos are frequent den sites forarctic
ground squirrel (Spermophilus parryi),
arctic fox (Alopexlagopus), and collared
lemming (Dicrostonyx groenlandicus)
(Feist 1975; Underwood 1975; personal

observation). Most pingos at least3t0 4
m high have one or more arctic ground
squirrel colonieson them; mostalso have
a fox den. The lower snowbank areas
have abundant lemming nests; a brief
search of these areas often reveals mul-
tlple nests spaccd 1tod4m apart. There

squurcl colonieson them mostalsohave
a fox den. The lower snowbank areas
have abundant lemming nests; a brief
search of these areas often reveals mul-
tiple nests spaced 1 t0 4 m apart. There
is also abundant sign of ptarmigan
(Lagopus lagopus) in these sites. The
interaction of the wildlife with the pingo
soils and vegetation has a profound ef-
fect on the ecology of these sites. The
Pachic Pergelic Cryoborolls described
from the pingo summits apparently have
a genesis due to the animals’ presence.

(Alopex lagopus)
Arctic ground squirrel

(Spermophilus parryi)
Caribou

(Rangifer tarandus granii)
Grizzly bear

(Ursus horribilis)
Collared lemming

(Dicrostonyx groenlandicus)

Least weasel
(Mustela rixosa)
Wolf
(Canis lupus)

Common Redpoll
(Acanthis hornemanni)
Golden eagle
(Aquila chrysaelos)
Golden plover
(Pluvialis dominica)
Goose
(Branta sp.)
Lapland longspur
(Calcarius lapponicus)
Long-tailed jaeger
(Stercorarius longicaudus)
Parasitic jaeger
(S. parasiticus)
Plarmigan
(Lagopus sp.)
Raptors
Tree sparrow
(Spizella arborea)
Northern wheatear
(Oenanthe oenanthe)
Yellow wagtail
(Motacilla flava)

Fourhom sculpin 10
(Myoxocepphalus
quadricornis)

9

1

BIRDS

FISH

28

29

28

22

4

16

154

283

67

1(Mblacmajlé'va) '

Fourhorn sculpin1 0
(Myoxocepphalus
quadricor nis)

FISH

IData were collected and compiled by Nancy Lederer. Animals observed on pingos in other years, and not
included in this table include moose (Alces alces), snow bunting (Plectrophenax nivalis), glaucous gull (L.

hyperboreus barrovianus), and buff-breasted sandpiper (Tryngites subruficollis).

2Indicates number of pingos on which observations were made, not necessarily number of animals present.

3nactive den.

4Craters from squirrel burrow excavations.

5Burrows and runways.
65kull.
7Feathers or excrement.

8May include species of eagle, hawk, falcon, and owl.

Regurgitated pellets in all cases, also feathers in some.
1017 a small pond on top of pingo no. 33, near Oliktok Pt
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Figure68. Mammals and birds that use pingos inwinter. (Illustrations are from Burt
and Grossenheider [1976] and Robbins et al. [1983].)

Figure 69. Mammals and birds that use pingos in summer. (Illustrations are from
Burt and Grossenheider [1976] and Robbins et al. [1983].)

Figure 70. Crater left by grizzly bear (Ursus horribilis) on pingo no. 7 (Beny). Bears
were particularly active in this area which is less than a kilometer from the Toolik
River, a major corridor for bear movement. (Photograph by D A. Walker.)

Many years of digging by squirrels and
foxes mixes organics that were present
in the lake basin into the soil subhori-
zons, and the result is an overthickened
mollic epipedon with a zoogenic origin.
The small mammals and birds attract
predators to the pingos. Grizzly bears
(Ursus horribilis) leave large craters in
the pingos where they dig for squirrels
(Fig. 70). Several fairly significant bear
disturbances involving areas as large as
12 to 15 m? were observed in 1986.
While this is not a great extent, the
cumulative effect of downslope soil

e m e Lolime e o g vmeiean

the pingos where they dig for squ1rrcls
(Fig. 70). Several fairly significant bear
disturbances involving areas as large as
12 to 15 m* were observed in 1986.
While this is not a great extent, the
cumulative effect of downslope soil
movement by bears over centuries or
millenia is likely significant.

The high amount of interaction be-
tween wildlife and the pingo landscape,
as well as the interactions between wild-
life species, led to the development of

the term ‘landscape focal points’. Walker
andWallkar f1QR7) Aafinad a landcrana

focal point as an environmental resource
patch (inthe sense of Forman and Godron
1986) characterized by high speciesrich-
ness and interaction, with this interac-
tion critical to landscape function. A
landscape focal point is a concentrated
center of species diversity, and may also
attract frequent human attention. The
exact role of the pingos in landscape
function has never been studied. These
are only preliminary data based on ob-
servation, but they suggest high enough
concentrations of wildlife on pingos to
merit further study. The invertebrates

Trevs saws ..vl.l...-... raveddaval™s srrwllnavaas " Lakw
exact role of the pingos in landscape
function has never been studied. These
are only preliminary data based on ob-
servation, but they suggest high enough
concentrations of wildlife on pingos to
merit further study. The invertebrates
have not been studied at all, and this
could potentially be an important aspect
of the pingo ecosystem. The Coleop-
teran, Hymenopteran, and soil inverte-
brate faunas, in particular, would be
important aspects of the steppe-tundra
ecosystem that has been proposed.



Environmental Gradients

This section describes the primary
gradient complexes that relate to the
vegetation and flora of the pingoson two
levels: (1) the landscape level, looking at
changes in flora, and (2) the microsite
level, looking at how more important
gradients may change between the vari-
ous microsites. The term environmental
gradient is a shortening of Whittaker’s
(1970) term complex-environmental-
gradient, which conveys theidea that the
environmental factors on which species
are dependent are notindependent of one
another, but covary, and that species
response can be related to this complex
of interacting factors. Dependence on
any single factor is difficult or impos-
sible to demonstrate unless controlled
experiments are designed specifically
for that purpose. An example of this on
the Arctic Coastal Plain is the soil mois-
ture gradient, where minor changes in
soil moisture lead to major changes in
species composition (Peterson 1978;
Walker 1985a). Soil moisture is highly
correlated with soil organic content and
nutrient availability. The species com-
position changes associated with soil
moisture are a reflection of the entire
complex of gradients. The indirect gra-
dient analyses presented here are based
on correlations of environmental vari-
ables with the ordination axes. It is
necessary to realize that while these
complex of gradients. The indirect gra”
dient analyses presented here are based
on correlations of environmental vari-
ables with the ordination axes. It is
necessary to realize that while these
gradients are referred to be the name of
the most highly correlated environmental
variable, they are in fact complex gradi-
ents.

Landscape-Level Gradients

Floras of the pingos show distinct
regional trends, with the Kadleroshilik

area being the most distinct (Fig. 71).
There is some overlap between the
Prudhoe Bay and Kuparuk regions, which
are the closest spatially. The first ordina-
tionaxisis 1.37 SD units long, indicating
considerable floristic similarity between
the regions. Distance to coast (a com-
plex gradient related mainly to tempera-
ture) and pH are both correlated with the
ordination axes, and temperature is the
strongest correlation with both of the
first two axes (distance to coast Spear-
man r=.748, p<.001 axis 1,r=.520, p
<.001 axis 2; pH Spearmanr = -.564, p
<.001 axis 1,1 =-.503, p <.001 axis 2).
Distance to coast is also weakly rank
correlated with the fourth axis (r=.300, p
<.05) but not the third, and pH is corre-
lated with the third axis (r = .520, p <
.001) but not the fourth. Eigenvalues for
the ordination axes indicate that a rela-
tively small amount of the floristic vari-
ationisexplained by theordination. Only
presence/absence data were used to
construct this ordination, which may
make two sites appear more similar than
they actually are. The four axes account
for 16.7, 9.6, 7.5, and 4.9% of the vari-
ation in the data, respectively'.

When the vascular flora is consid-
ered separately, Kadleroshilik and Toolik
River are still distinct, but there is almost
100% overlap of Prudhoe Bay onto
Kuparuk, and the three Kuparuk plots
outside of this overlap zone are coastal
sites, indicating some floristic and likely
River are still distinct, but there is almost
100% overlap of Prudhoe Bay onto
Kuparuk, and the three Kuparuk plots
outside of this overlap zone are coastal
sites, indicating some floristic and likely
environmental differences between these
sites and the remaining Kuparuk -

!The percent of variance explained by an or-
dination axis is indicated by its eigenvalue.
DCA is an eigenanalysis technique, and
thus allows for an exact mathematical defi-
nition of variance.
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Figure 71. Ordination of the 41 sample plots based on total flora and grouped
according to study area. Arrows represent Spearman rank correlations with the
axes; heavier arrows are the stronger relationship. Correlation coefficients are in

the text.

Prudhoe Bay region (Fig. 72). The flo-
ristic gradient constructed by the DECO-
RANA program is 1.95 SDs long for the

Grotanic nmAdehafa i a™NMVA oo

Prudhoe Bay region (Fig. 72). The flo-
ristic gradient constructed by the DECO-
RANA program is 1.95 SDs long for the
firstaxis, and the four DCA axesaccount
for22.5,18.2,7.5, and 5.9% of the vari-
ance, respectively. Thus, the vascular
gradients are more clearly defined than
the overall floristic gradient. The first
two axes of this ordination are more
strongly correlated with distance to coast
(Spearman r = .802, p <.001 for axis 1;
r=-.467,p <.01foraxis 2), and the third

and fourth axes are not correlated with
this variable. Soil pH is correlated with
the second, third, and fourth axes (Spear-

arn na o -~

and fourth axes are not correlated with
this variable. Soil pH is correlated with
the second, third, and fourth axes (Spear-
manr=-.463,p <.01 for axis 2; r=.359,
p < .05 for axis 2; r = -.674, p < .001 for
axis 4). Although the rank correlation
coefficient for axis 4 is very significant,
there isarather small amount of variance
explained by that axis.

Ordination of the cryptogam flora
indicates a very different relationship
between the study areas than for the
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Figure 72. Ordination of the 41 sample pingos based on total vascular flora and
grouped according to the study area. Arrows represent Spearman rank correlations
with the axes; heavier arrows are the stronger relationship. Correlation coefficients
are in the text.

Figure 72. Ordination of the 41 sample pingos based on total vascular flora and
grouped according to the study area. Arrows represent Spearman rank correlations
with the axes; heavier arrows are the stronger relationship. Correlation coefficients

Figure 73. Ordination of the 41 sample pingos according to total cryptogam flora
and grouped according to study area. Arrows represent Spearman rank correlations
with the axis, heavier arrows are the stronger relationship. Correlation coefficients
are in the text.

Figure 73. Ordination of the 41 sample pingos according to total cryptogam flora
and grouped according to study area. Arrows represent Spearman rank correlations
with the axis; heavier arrows are the stronger relationship. Correlation coefficients

are in the text.

vascular flora (Fig. 73). The Prudhoe
Bay and Toolik River areas both have
some overlap with Kuparuk, which is
closer to the Kadleroshilik area in this
ordination space than in the other. The
gradient is relatively short, 1.33 SDs for
the first axis, and the variance explained

by the ordination axes is therefore fairly
low (13.0, 8.7, 6.2, and 5.2% respec-
tively). In this case it is pH, rather than
distance to coast, that most strongly
correlates with the axes, but distance to
coast is still a significant factor. The
Spearman rank correlation coefficient

are in the text.

for pH with axis 1 is -0.796 (p < .001),
and for axis 4 itis 0.474 (p <.001). Soil
pHisnot correlated with axis 2 or 3. Dis-
tance to coast is significantly correlated
with the first three axes (Spearman r =
.209,p<.05foraxis 1;r=-.485,p<.001

for axis 2; r = .406, p < .01 for axis 3).
These data indicate that the vascular
flora are most strongly related to a tem-
perature gradient and the cryptogam flora
to a complex soil gradient.



Table 23. Spearman rank correlation coefficients with the DCA ordination axes,
based on all sample plots. Order of the environmental factors is according to the
strength of their relationship with the first axis. Only variables with at least one
significant correlation are shown.

Factor Axis 1 Axis 2 Axis 3 Axis 4
Snow (scalar) 07334k 0.268*%*  -0.022 -0.164%*
Soil Moisture (scalar) 0.730%** 0.345%** 0.077 -0.190
Exposure (scalar) -0.672%%k (), 206%** 0.018 0.155%*
Lemming disturbance 0434k 0.089 0.046 -0.061
Microrelief height (cm) 0.424%%* 0211+ 0.187#** 0.022
Squirrel disturbance -0.41 3 bk 0.175%* 0.197***  -0.098*
Thaw Depth (cm) -0.325%*+  _0,248***  _(0.090 -0.035
Stability (scalar) -0.280%** 0.078 0.085 -0.092
Human disturbance -0.257*** -0.063 -0.010 -0.227%**
Cryoturbation (% cover)  -0.223%%x* -0.471%** -0.015 0.142
pH -0.195%**  0.268 0.124* -0.2274%%
Slope () 0.164** -0.225%%%  _0.058 -0.035
Fox disturbance -0.161 0.116 0.043 -0.323%*x*
Equivalent latitude -0.116* -0.082 -0.008 0.003
Distance to coast 0.077 0.171 0.168** 0.372% %%
Bird disturbance -0.073 0.272%%* 0.075 0.016
Equivalent latitude -0.116* -0.082 -0.008 0.003
Distance to coast 0.077 0.171 0.168** 0,372k
Bird disturbance -0.073 0.272%** 0.075 0.016
Bear disturbance -0.028 0.172%* 0.072 0.025

*p <.05; ** p < .01; *** p < .001.
Disturbance includes any evidence of use and does not imply destruction.

Microsite-Level Gradients

Simultaneous ordination of the 293
sample plots resulted in the construction
of a continuous gradient with no major
breaks in it, and the variance explained
by the ordination is high (66.7, 56.0,
47.0, and 40.2% for axes 1 to 4, respec-
tively). The high eigenvalues for all of
the axes indicate thereis some amount of
redundancy between them, and correla-
tionsof the environmental variables with
the ordination axes support this (Table
23). The redundancy is not complete,
however, and each axis contains differ-
entinformation. The redundancy relates
primarily to the covariance between the
environmental variables. The numberof
correlations is some indication of the
ecological meaning of the axis, and us-
ing this value it appears that axes 1, 2,
and 4 contain the most information.
Because the sampling scheme was along
gradients of snow cover, moisture, expo-
sure to winds, animal use, and other
gradients associated with these, it is not
surprising that there are so many signifi-
cant correlations. The environmental
variables are highly intercorrelated, al-
though often weakly (Table 24), and
stepwise discriminant analysis of the non-
disturbance variables indicates that all of
them contribute significantly to the dis-
crimination between the microsites
(Table 25). Of the 18 environmental
variables measured at each relevé, only
one, caribou use, is not significantly
disturbance variables indicates that all of
them contribute significantly to the dis-
crimination between the microsites
(Table 25). Of the 18 environmental
variables measured at each relevé, only
one, caribou use, is not significantly
correlated with any ordination axis. In
this case, the gradients within microsites
and between microsites are all shown in
one space, making interpretation diffi-
cult.

Individual ordinations of each mi-
crosite are a better indication of what
gradients are controlling within a given

microsite type. Each microsite has a
different set of variables that are corre-
lated with the vegetation (as indicated by
the ordinations) (Table 26), and all re-
sulted inthe construction of acontinuous
gradient with no major gaps. There are
considerable differences between the
microsites regarding the variance ex-
plained by the ordinations and the length
of gradient constructed (Table 27).
Microsite 1, the ENE side, is a snow-free
site that is exposed to winds at all times.
Within this microsite, temperature and
soil chemistry gradients are most impor-
tant (Table 28). In this instance, distance
to coast may be a combination wind and
temperature gradient, as wind speeds are
alsohighernear the coast (Everett 1980d).
Use by birds also shows up as a factor,
which may be due to winter use by ptar-
migan in some regions. Equivalent lati-
tude, a measure of microclimate, ap-
pears to be less important than regional
temperature gradients. The first axis has
amuch higher eigenvalue than the other
three, but all appear to have some signifi-
cance. The second axis has little redun-
dancy with the first, and is related to
moisture, microrelief, and slope angle.
The third axis is apparently related to
disturbance, and the fourth to a some-
what complex combination of gradients,
most strongly to microrelief.

In microsite 2, the summit, tempera-
ture gradients are most important (Table
29). Althoughequivalentlatitude, rather
than distance to coast, is the strongest
what complex combination of gradients,
most strongly to microrelief.

In microsite 2, the summit, tempera-
ture gradients are most important (Table
29). Althoughequivalent latitude, rather
than distance to coast, is the strongest
correlation, these sites have little or no
slope angle, so that equivalent latitude
and actual latitude are the same, and
equivalent latitude is therefore simply a
crude measure of distance to coast.
Disturbance gradients generally are
important here. Summits are frequently
used both as bird perches and mammal
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p= .001
p’:
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Table 24. (concluded)

Distance
10 coast
Distance

10 nearest

pingo
Distance
Equivalent
latimde

1o nearest
niver

Table 25. Variables that discriminate between microsites, in order of their entry in

a stepwise discriminant analysis.

Wilks 1st Discriminant
Variable Lambda Significance  Function Coefficient
Exposure 141 .000 0.621
Moisture 189 ..000 -0.114
Equivalent latitude 064 .000 -0.020
Slope .044 000 -0.257
Snow .034 .000 -0.451
Cryoturbation 024 .000 -0.007
Stability .020 000 0.199
Microrelief 018 .000 0.061
Thaw 018 000 0.193

den sites, and this use by animals affects
vegetation patterns on these sites, as
indicated by the number of animal spe-
cies groups correlated with vegetation
patterns in these sites. The second ordi-
nation axisis related tomicrorelief height,
and the third to snow (or lack of it, as
indicated by a correlation with both snow
and exposure). The fourth axis, in spite
of a relatively high eigenvalue (.288),
does not appear to have any ecological
significance.

Microsite 3, the dry leeward side
above the snowbank, has the lowest
eigenvalues and shortest floristic

vPuwiviaarvay mgu viguavaue 200),
does not appear to have any ecological
significance.

Microsite 3, the dry leeward side
above the snowbank, has the lowest
eigenvalues and shortest floristic
gradients of all the microsites, yet even
with this high amount of floristic
similarity there are recognizable
gradients (Table 30). Slope angle has the
highest correlation with axis 1. It is
likely that steeper slopes lead to an
increased leeward effect, and this is
supported by the snow data, which show
less of a leeward effect (i.e. fewer

differences in snow cover) on the gently
sloping broad-based pingos. The second
axis is related to regional temperature
and exposure, and to several other factors
to a lesser degree. The third axis is very
similar to the second, and the fourth axis,
which has an eigenvalue of only .081,
has only one correlation that did not
appear in the first three axes, with
equivalent latitude.

The first ordination axis of microsite
4, the middle snowbank, is correlated
with four variables (Table 31). These
sites are generally dominated by eri-

ggi%qgg“% 3@9& ‘}guch are sensitive to

The first ordination axis of microsite
4, the middle snowbank, is correlated
with four variables (Table 31). These
sites are generally dominated by eri-
caceous shrubs, which are sensitive to
pH differences. Both regional tempera-
ture and microclimate effects are impor-
tant on the second axis, as well as a
number of animal disturbances. Lem-
ming nests are often found in these sites,
and this variable shows up on this axis.
The third axis is related to stability, snow
cover, and temperature, and the fourth
only weakly to fox disturbance and snow



North Slope
Moisture (-)
Equivalent
latitude
Microrelief (-)

Slope
PH (-)

Table 27. Eigenvalues and DCA ordination axis lengths for the individual microsite
ordinations. Eigenvalues represent the proportion of variance explained by the
ordination axes. (The top number is the eigenvalue; length of the gradient in SD units
is listed under that.)

latitude (-)
Stabiliry

pH ()

Squirrel
Cryoturbation (-)

Equivalent

South Slope
Slope

Lower
Snowbank
Distance

to coast (-)
(temperature)
Moisture (-)
Caribou
Slope

Bear

Middle
Snowbank
Thaw (-)
Exposure
Caribou

pH ()

WSW Side
Slope
Microrelief
Cryotur-
bation (-)
Exposure
Squirrel
pH

perature)

ip).1
mit
nce
ast
@n (-)
bou

Summit

to coast
(temperature)
Fox

Human (-)
Bear

Bird

Caribou

Distance

1Factors above the first line are correlated withare correlated with p < .001, those below the first line have p < .01, and those below the second line have p <.05.

Table 26. Summary table of factors core of factors correlating with the first DCA ordination axis for each of the microsite ordinations (in order of

strength of the relationship).!

ENE Side
Distance
to coast
(ternperature)
Bird

pH ()
Equivalent
latitude (-)
Caribou
Bear
Moisture

Microsite Axis 1 Axis 2 Axis 3 Axis 4
1) ENE wind-exposed 699 .326 179 111
side 4.0 3.0 1.93 1.50
2) summit 550 .388 267 .288
3.83 3.88 2.64 2.77
3) WSW side above 282 .160 .106 081
snowbank 2.16 1.58 1.33 1.28
4) middle snowbank .509 .295 216 145
3.3 2.88 2.43 1.45
5) lower snowbank 723 351 244 155
5.26 3.24 2.80 1.80
6) south slope .800 488 .380 .265
5.15 4.13 2.51 2.34
7) north slope .651 235 138 155
3.74 2.18 1.54 1.51

cover. This fourth axis has little mean-
ing, but itdoes indicate that use by foxes
is weakly related to the vegetation in
these sites.

Microsite 5, the lower snowbank.
cover. This fourth axis has little mean-
ing, butitdoes indicate that use by foxes
is weakly related to the vegetation in
these sites.

Microsite 5, the lower snowbank,
has the longest floristic gradient, 5.3 SD
units long, indicating a high amount of
beta diversity withinthis type. Eigenval-
ues are also relatively high, but this
microsite has the fewest correlations
(Table 32). The first axis is related
primarily to regional temperature and
soil moisture. This microsite probably
has more variability in soil moisture than

any other, as it intergrades into the mesic
tundra surrounding the pingo. The sec-
ond axis is highly correlated with thaw
depth (Spearman r = .700, p < .001).
Thaw depths are most shallow in this
any other, as it intergrades into the mesic
tundra surrounding the pingo. The sec-
ond axis is highly correlated with thaw
depth (Spearman r = .700, p < .001).
Thaw depths are most shallow in this
microsite compared to the rest of the
pingo. Over most of the pingo surface
they are probably deep enough that they
would have minimal effect on plant
growth. In these sites, however, thaw
depth may be as shallow as 15 to 20 cm.
This variable will covary with many
other factors, including soil moisture,
soil temperature, and organic matter. The



Table 28. Spearman rank correlation coefficients of environmental factors with the
DCA ordination axes for microsite no. 1, the ENE side. Order of the environmental
factors is according to the strength of their relationship with the first axis. Only
variables with at least one significant correlation are included.

Factor Axis 1 Axis 2 Axis 3 Axis 4
Distance to coast (km) 0.613*** -0.061 -0.023 -0.192
pH -0.477%* -0.177 0.060 -0.325*
Bird disturbance 0.474%* 0.171 0.010 -0.150
Equivalent latitude (%) -0.401%* -0.152 -0.162 -0.056
Caribou disturbance 0.298* 0.018 -0.256 -0.287*
Bear disturbance 0.285* -0.155 0.203 -0.041
Soil Moisture (scalar) 0.281* -0.353+ 0.175 -0.422%*
Human disturbance -0.278 0.212 -0.170 0.314*
Microrelief height 0.251 -0.421%* 0.272 -0.572%%*
Fox disturbance -0.108 0.006 0.303* -0.061
Cryoturbation (% cover)  -0.090 -0.167 -0.478%* -0.087
Slope (°) 0.058 0.336* -0.216 0.081
Thaw depth (cm) 0.036 0.332% -0.354* 0.284

* p <.05; ** p <.01; *** p <.001.

Table 29. Spearman rank correlation coefficients of environmental factors with the
DCA ordination axes for microsite no. 2, summit, Order of the environmental fact(.)rs
isaccording to the strength of their relationship with the firstaxis. Only variables with
at least one significant correlation are included.

Factor Axis 1 Axis 2 Axis 3 Axis 4
Equivalent latitude () -0.727%** 0.113 -0.075 0.108
Distance to coast (km) 0.674** -0.122 0.318* 0.138
Fox disturbance -0.487*** 0.214 0.077 0.005
Human disturbance -0.454** 0.139 0.025 -0.090
Bear disturbance 0.401** -0.169 0.152 0.185
Bird disturbance 0.397%* 0.194 0.084 -0.157
Caribou disturbance -0.327* -0.247 0.322* 008%
D;stance to coast (k;r;) 0.674*** -0.122 0.318* 0.138
Fox disturbance -0.487*** 0.214 0.077 0.005
Human disturbance -0.454** 0.139 0.025 -0.090
Bear disturbance 0.401** -0.169 0.152 0.185
Bird disturbance 0.397+* 0.194 0.084 -0.157
Caribou disturbance -0.327% -0.247 0.322* 0.082
Microrelief height (cm) 0.259 -0.341* 0.069 -0.047
Exposure (scalar) -0.134 -0.098 0.397** 0.105
Thaw depth (cm) -0.059 0.022 -0.371%* -0.002
Snow cover (scalar) 0.017 0.157 -0.423%* -0.152

Equivalent latitude and actual latitude are the same in these microsites, because they
have no slope. For this reason, distance to coast, rather than equivalent latlt}Jdc, is
listed in the summary table as being most highly correlated with this microsite.

Table 30. Spearman rank correlation coefficients of environmental factors with the
DCA ordination axes for microsite no. 3, WSW side above snowbank. Order of the
environmental factors is according to the strength of their relationship with the first

axis. Only variables with at least one significant correlation are included.

Factor Axis 1 Axis 2 Axis 3 Axis 4
Slope (°) 0.509%** 0.225 -0.116 0.350%*
Microrelief height (cm) 0.467+* 0.208 -0.028 0.156
Cryoturbation (% cover)  -0.416** 0.038 0.189 -0.418**
Exposure (scalar) -0.363* -0.513%%* 0.069 -0.309*
Squirrel disturbance 0.326* 0.259 -0.322+* 0.118
pH 0.289+ 0.161 -0.109 0.217
Fox disturbance 0.182 0.349+* -0.336* 0.194
Snow cover (scalar) 0.151 0.324* -0.069 0.257
Equivalent latitude () -0.112 -0.270 0.008 -0.287*
Stability (scalar) 0.112 0.244 -0.372% -0.127
Distance to coast (km) 0.058 -0.593*** -0.382%* 0.055
Soil moisture (scalar) 0.058 0.391** 0.164 0.062

*p <05 **p <.01; ¥** p <.001.

thirdaxis is related mainly to slope angle,
and the fourth to fox disturbance.

The south slope, (microsite 6), which
had the most complex and varied com-
munity types, also has a long floristic
gradient. This microsite has some of the
steepest slopes, and also shows the most
variability in slope angle, which is most
highly correlated with the first axis (Table
33). Although other microsites show
temperature effects that aremost strongly
related to regional temperature, equiva-

SRen sasava ULV LW VLIV UL LUV

steepest slopes, and also shows the most
variability in slope angle, which is most
highly correlated with the first axis (Table
33). Although other microsites show
temperature effects thataremost strongly
related to regional temperature, equiva-
lent latitude is most important here. These
microsites face due south and so (along
withthe north slopes) will have the great-
estequivalent latitude differences. Slope
and equivalent latitude should covary, as
equivalent latitude is directly dependent
on slope when aspect is held constant.

Stability is also a function of slope to
some degree. The second axis is related
only tosoilchemistry (pH), which is also
correlated with the first and third axes.
The third axis reflects regional tempera-
ture gradients, and microclimate is a
secondary effect. The fourth axis is
again related to microclimate, and also
to moisture and exposure.

Microsite 7, the north slope, has
moisture as the most important factor,

and slope and equivalent latitude are also
o plawiculy, anu HUCTOCHINAE 1S a

secondary effect. The fourth axis is
again related to microclimate, and also
to moisture and exposure.

Microsite 7, the north slope, has
moisture as the most important factor,
and slopeand equivalent latitude are also
correlated with the first axis (Table 34).
This microsite is similar to the south
slope in that slopes are steep and variable
between pingos, and it is in these two
microsites that the strongest effects from
microclimate are expected. One differ-
ence between this microsite and all of the



Table 31. Spearman rank correlation coefficients of environmental factors with the
DCA ordination axes for microsite no. 4, middle snowbank on leeward side. Order
of the environmental factors is according to the strength of their relationship with the
first axis. Only variables with at least one significant correlation are included.

Factor Axis 1 Axis 2 Axis 3 Axis 4
pH -0.635%** 0.001 -0.136 -0.077
Thaw depth (cm) -0.372** -0.273* -0.208 -0.023
Exposure (scalar) 0.326* 0.083 -0.022 0.004
Caribou disturbance 0.257* -0.024 0.340* 0.014
Human disturbance -0.217 0.304* -0.202 0.040
Distance to coast (km) 0.247 -0.624%** 0.328** -0.073
Cryoturbation (% cover) -0.233 0.184 -0.249* -0.080
Equivalent latitude (?) 0.231 0.252* 0.154 0.117
Bear disturbance 0.186 -0.354%* 0.148 -0.118
Soil moisture (scalar) 0.184 -0.292* 0.254* -0.012
Slope (9 -0.160 -0.010 0.274* -0.039
Fox disturbance -0.117 0.201 0.125 -0.299*
Bird disturbance 0.098 -0.056 0.291* -0.052
Stability (scalar) -0.097 -0.080 0.380** -0.010
Snow cover (scalar) 0.062 -0.178 0.457%** -0.252%
Lemming disturbance 0.015 -0.414%* 0.204 0.001

* p < .05; ** p <.01; *** p < 001.

others is that there are no variables cor-
related with the first axis at more than the
99% significance level, indicating a
somewhat more random arrangement of
vegetation in relation to environmental
gradients in these sites. The second axis
is most strongly correlated with regional
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related with the first axis atmore than the
99% significance level, indicating a
somewhat more random arrangement of
vegetation in relation to environmental
gradients in these sites. The second axis
is most strongly correlated with regional
temperature gradients, and also with a
number of other factors, mostly related
to disturbance. The third axis has four
significant correlations, and only one of
these, stability, is not redundant with the
first two axes. The fourth axis has no
variables correlated with it.

Discussion and Conclusions

The pingo vegetation is primarily
related to the circumpolar vegetation;
however, there are several facies and
stand types that have not been described
elsewhere. Italsohasmany ties toarctic-
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The pingo vegetation is primarily
related to the circumpolar vegetation;
however, there are several facies and
stand types that have not been described
elsewhere. Italsohas many ties to arctic-
alpine types, primarily in the Rocky
Mountains. The abundance of Dryas in-
tegrifolia on mostsites links it with other
calcareous arctic and alpine sites. The
snowbed types, dominated by Dryas
integrifolia with either Salix rotundifo-
liaor Cassiope tetragona, are alsoclosely

Table 32. Spearman rank correlation co¢fficients of environmental factors with the
DCA ordination axes for microsite no. 5, lower snowbank on leeward side. Order of
the environmental factors is according to the strength of their relationship with the
first axis. Only variables with at least one significant correlation are included.

Factor Axis | Axis 2 Axis 3 Axis 4
Distance to coast (km) -0.471%%* -0.024 0.170 -0.034
Soil moisture (scalar) -0.372%x -0.277* 0.247 0.117
Caribou disturbance 0.344* -0.099 -0.377%x* -0.002
Slope () 0.317* 0.451%* -0.465%* -0.136
Bear disturbance 0.314* 0.188 -0.280* 0.036
pH 0.251 0.237 0.195 0.350*
Stability (scalar) 0.140 0.391+#+ -0.165 0.023
Equivalent latitude (°) -0.113 -0.362%* 0.059 0.270*
Thaw depth (cm) 0.089 0.700*+* 0.052 0.072
Fox disturbance 0.010 -0.008 -0.060 0.451%%

* p<.05; ¥ p <.01; ¥+ p < 001.

Table 33. Spearman rank correlation coefficients of environmental factors with the
DCA ordination axes for microsite no. 6, south slope. Order of the environmental
factors is according to the strength of their relationship with the first axis. Only

variables with at least one significant correlation are included.
L

Factor Axis 1 Axis 2 Axis 3 Axis 4
Equivalent latitude () -0.534%*** -0.031 -0.305* -0.564***
Slope (2 0.572%%x 0.071 0.329% 0.534%%x
Stability (scalar) 0.446** -0.049 0.266* 0.374%*
pH -0.376** -0.333* -0.274* 0.234
Squirrel disturbance 0.376** 0.022 0.186 0.382%*
Cryoturbation (% cover) -0.352%* -0.236 -0.332% -0.167
Bird disturbance 0.230 -0.067 0.230 0.502%*:*
e s avate anabww | g “VewwT RLVAVE Y “Y.IUD™ -U.004" "™
Slope (=) 0.572%*x 0.071 0.329* 0.534%**
Stability (scalar) 0.446** -0.049 0.266* 0.374**
pH -0.376** -0.333* -0.274* 0.234
Squirrel disturbance 0.376** 0.022 0.186 0.382%*
Cryoturbation (% cover) -0,352** -0.236 -0.332% -0.167
Bird disturbance 0.230 -0.067 0.230 0.502%%x
Lemming disturbance -0.204 0.172 0.363%** -0.040
Snow cover (scalar) 0.156 -0.040 0.348* -0.249
Distance to coast (km) 0.149 0.188 0.638+** 0.078
Microrelief height (cm)- 0.052 -0.152 0.307* -0.327*
Soil moisture (scalar) -0.048 -0.033 0.135 -0.600%**
Exposure (scalar) 0.007 0.138 -0.117 0.49g %+
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Table 34. Spearman Rank correlation coefficients of environmental factors with the
DCA ordination axes for microsite no. 7, north slope. Order of the environmental
factors is according to the sength of their relationship with the first axis. Only
variables with at least one significant correlation are included.

Factor Axis 1 Axis 2 Axis 3 Axis 4
Soil moisture -0.439** -0.034 -0.224 -0.010
Slope (%) 0.423%* 0.064 -0.052 0.192
Equivalent latitude () 0.395** 0.126 -0.189 0.123
pH -0.346* 0.056 -0.046 0.076
Microrelief height (cm)  -0.285* -0.326* -0.203 0.154
Human disturbance -0.251 0.350* -0.056 0.050
Fox disturbance -0.238 0.324* 0.343* -0.042
Lemming disturbance -0.214 -0.321* 0.120 0.137
Squirrel disturbance -0.175 -0.261* 0.226 0.193
Distance to coast (km) 0.111 -0.614*** -0.109 0.109
Caribou disturbance -0.048 0.155 -0.324* -0.106
Bird disturbance -0.046 -0.368** -0.266* 0.008
Stability (scalar) 0.041 -0.038 0.333* -0.197

*p<.05; **p<.0l.

related to types described from many
circumpolar areas. Many of the north
slope and ENE side types (microsites 7
and 1) have a fellfield character. These
cold sites are physiognomically and
ecologically similar to high arctic vege-
tation, and also to high alpine vegetation
in the Brooks Range, but they do not
contain any high arctic species unique to
these sites. It is important to note here
that it is the vegetation that shows these
ARSI hine 3 BTG Cra i S These
cold sites are physiognomically and
ecologically similar to high arctic vege-
tation, and also to high alpine vegetation
in the Brooks Range, but they do not
contain any high arctic species unique to
these sites. It is important to note here
that it is the vegetation that shows these
links to the alpine, and not necessarily
the flora. The pingos have many com-
munities that are related to alpine types,
but frequently only at the genus level.
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were often made based on physiognomy
or growth form.

A problem with floristic classifica-
tion systems 1S that many of the species
that differ are closely related pairs that
may hybridize in certain areas of their
ranges (e.g. Dryas integrifolia vs. D.
octopetala, Betula nana vs. B. glandu-
losa, and others), and this relationship
cannot be defined precisely. This prob-
lem is especially noticeable in the Arc-

e where the flara ic relativelv vonno
tion systems is that many of the species

that differ are closely related pairs that
may hybridize in certain areas of their
ranges (e.g. Dryas integrifolia vs. D.
octopetala, Betula nana vs. B. glandu-
losa, and others), and this relationship
cannot be defined precisely. This prob-
lem is especially noticeable in the Arc-
tic, where the flora is relatively young
(Love 1959). In such a situation, there
will be many closely related species that
often hybridize. In this study, one or
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Potentilla, and Oxytropis have taxonomic
problems related to species pairs. The
genus Dryas is a good example. Dryas
octopetala is often considered a calci-
phile (e.g. Komdrkov4 1979). Many of
the comparisons of the pingo vegetation
with that of the southern Brooks Range
vegetation (Cooper 1986) indicate that
the two species have similar ecology in
these two areas. Yet in the areas where
itsrange overlaps with Dryas integrifolia,
D. octopetala is limited to slightly more
acidic sites, and this difference is consis-
tent (Walkeretal, 1987a). Insome of the
more alpine-like, and also, perhaps coin-
cidentally, more acidic, sites on the pin-
gos, the Dryas integrifolia looked very
much like typical D. octopetala, but
lacked certain key characteristics of that
species,and may well have been a hybrid
(Hultén 1968).

The other problem encountered is a
result of the steep north-south tempera-
ture gradient that is present within the
region (Fig. 74) (Walker and Webber
1979; Haugen and Brown 1980). The
gradient is so steep that the estimated
number of thaw degree days at pingo 12,
the most coastal, is 400, and at pingo 37,
the most inland, is 764. Several authors
(Young 1971; Rannie 1987) have shown
a correlation between number of species
and summer warmth. Walker (1985a)
demonstrated that even within the rela-
tively small Prudhoe Bay region, the
temperature gradient is steep enough that
thereisa loss of species in more northern
areas. This influence within the present

study isillustrated in Table 35. The trend
(Young 1¥/i; Kannie 198/) have shown

a correlation between number of species
and summer warmth. Walker (1985a)
demonstrated that even within the rela-
tively small Prudhoe Bay region, the
temperature gradient is steep enough that
thereis aloss of species in more northern
areas. This influence within the present
study isillustrated in Table 35. The trend
is not perfect, as Toolik River, with the
highest estimated average thaw degree
days, has fewer species than Kadlero-
cshilik. but it illustrates the differences

effect on the classification that is ilius-
trated by Stand Type Cassiope tetragona
- Dryas integrifolia. This type is consis-
tently found in the backslope area of the
leeward side, where there is snow accu-
mulation combined with good drainage.
In the Prudhoe Bay and Kuparuk areas,
communities in these sites primarily have
only these two shrubs, and also occa-
sionally the dwarf willows Salix
reticulata and S. arctica. In the Toolik
River and Kadleroshilik areas, however,
all of these species are present as well as
a number of other ericaceous shrubs,
occasionally Betula nana, and also low
but erect willows. This link is shown by
the hierarchical classification scheme,
where the stand type is essentally the
lowest common denominator.

Another problem encountered was
uncertainty in the designation of steppe
types. Steppe and tundra are both physi-
ognomic terms. Steppe is defined by
Daubenmire (1968) as “grassland in
regions too dry for natural forest on the
uplands”. He further divides this into
meadow steppe, shrub steppe, and true
steppe. Yurtsev (1963) has emphasized
afloristic-ecological interpretationin his
definition of steppes, including steppe
tundras, and he separates steppe tundra
from true steppe, which is herb-grass
vegetation with origins in a continental
climate. Ritchie (1984) claims that the
term steppe-tundra is improperly used
unless some specific ecological or floris-
tic relationship to the modem steppes is
demonstrated. Freitag (1977) also noted

that there has been confusion associat
tundras, and he separates steppe tundra

from true steppe, which is herb-grass
vegetation with origins in a continental
climate. Ritchie (1984) claims that the
term steppe-tundra is improperly used
unless some specific ecological or floris-
tic relationship to the modern steppes is
demonstrated. Freitag (1977) also noted
that there has been confusion associated
with this term, and that steppe should
only be used when itapplies to temperate

grasslands.
The term <tenne tindra ic neafuil far
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Table 35. Number of vascular species and estimated thaw degree days in each of the
study areas. (Thaw degree days estimate is from Haugen and Brown [1980]).

Mean Regressed

Study Area Number of Species Thaw Degree Days
Prudhoe Bay 121 483+ 16
Krinamsl 17N ~nA ot A

Mean Regressed

Study Area Number of Species Thaw Degree Days
Prudhoe Bay 121 483+ 16
Kuparuk 139 502 +£31
Toolik River 154 735+ 53
Kadleroshilik 167 580+ 47

TDD=434.54 +4.915DC, where TDD = thaw degree days and DC=distance 1o coast
due south (Haugen and Brown 1980).

tundra areas that is dominated by grasses
and forbs. This does not necessarily
imply that the origin of this vegetation
was a true steppe. Unfortunately, this
term, which is quite useful, evolved in a
somewhat backwards manner. It was
proposed to describe hypothesized Pleis-
tocene vegetation types, and then there
was a search for types that could fit the
name. Defining the term based on physi-
ognomy and growth form alleviates the
probleminherent in naming a vegetation
type based on an implied origin. The
vegetation should be named according
to its current position, and based on this
an origin for the vegetation can be con-
sidered. For this study, steppe-tundra is
defined in this manner, and it is properly
applied according to this definition.
Yurtsev (1982), Young (1982), Murray
et al. (1983) and Cooper (1986) have
alsodescribed modemn plantassemblages
fitting this definition. The climatic con-
ditions under which this vegetation
formed have not yet been fully eluci-
dated, and in any case topographic and
microclimatic gradients of the past can
never be recovered fully (Barry 1982).
Young (1982) is one of many who have
taken the moderate middle ground and
suggested that thefull glacial vegetation
was likely a complex mosaic, although
large areas were probably similar physi-
ognomically, much as the coastal plain is
basically one physiognomic type today
over the majority of its surface.

_The types described here as steppe
was likely a complex mosaic, although
large areas were probably similar physi-
ognomically, much as the coastal plain is
basically one physiognomic type today
over the majority of its surface.

The types described here as steppe
tundra are ecologically related to true
steppes, as they have steppe-like soils,
and the likely origin of these soils, at
least on the broad-based pingos, is such
that a steppe-like vegetation would have
been almost necessary. There is also
abundantfloristicevidence torelate them

to other steppe-tundra vegetation, as the
term has been used by Yurtsev (1982),
Murray et al. (1983), and Cooper (1986).
More work is needed in Alaska looking
at transitions between these isolated
Coastal Plain stands, the Brooks Range
vegetation, and interior Alaska to deter-
mine how these are related ecologically
and floristically.

The ordinations of the pingo floras
indicate that although there is a general
regional character to the flora, with a
high amount of similarity in all areas,
each of the four study areas has a differ-
ent floraassociated withit. These differ-
ences are related to complex tempera-
ture and soil chemistry gradients, with
vascular species appearing to be most
strongly related to temperatuse, crypto-
gams to soil chemistry. Although there
were no measurements taken on soil
chemical factors other than pH, Walker
(1985a) demonstrated that there is a very
complex soil chemistry gradient within
the Prudhoe Bay region that is related to
pH changes. Thus, some species may be
responding to pH and others to related
factors. Recognizing the pH gradient as
a complex soil gradient indicated by pH
and not necessarily a direct pH gradient
is therefore appropriate.

Temperature and pH are both impor-
tant gradients within the Prudhoe Bay
area ( Walker 1985a). The pH gradient
is due to deposition of calcareous loess
downwind of the Sagavanirktok River,
which affects both vegetation and soils

Temperature and pH are both impor-
tant gradients within the Prudhoe Bay
area ( Walker 1985a). The pH gradient
is due to deposition of calcareous loess
downwind of the Sagavanirktok River,
which affects both vegetation and soils
(Everett and Parkinson 1977, Walker
1985a). The data presented here extend
earlier findings to a broader area and
relate them specifically to the pingos.
These are also the first data indicating
that the vascular plants and cryptogams
respond somewhat differently to the two



gradients, which do act independently of
one another. The greater sensitivity of
cryptogam species to soil chemistry has
been indirectly implicated in studies of
road dust effects, where cryptogams are
some of the first species to show visible
signs of deterioration due todust ( Walker
and Everett 1987).

The microsite ordinations indicate
that each microsite has a different set of
gradients associated with it, but all of the
microsites are correlated with most of
the measured environmental variables at
some level. Many of the environmental
variables covary, so there are actually a
few major complexes associated with
each microsite. The north slope sites
have no variables that are highly corre-
lated with the first axis. Savile (1960)
observed that in high arctic regions,
vegetation communities may have ahigh
degree of overlap and be poorly defined
compared to low arctic or temperate
vegetation. In high arctic regions, most
species are at or near their northern limit
of distribution, and are likely controlled
by environmental stress rather than
competition.  Peterson (1978) and
Webber (1978) both noted that arctic
vegetation often is controlled more by
allogenic (environmental) rather than
autogenic (biotic) factors.

The apparently more random ar-
rangement of the north-slope vegetation
on the pingos is related to this same
principle. For simplicity of argument,
imagine that temperature is the only
difSgure~ atvironuknmr Y aundh - udh
autogenic (biotic) factors.

The apparently more random ar-
rangement of the north-slope vegetation
on the pingos is related to this same
principle. For simplicity of argument,
imagine that temperature is the only
difference between the north and south
slope of a pingo. At this northern lati-

tude, there will be many species near
their northern limit of distribution, but
few or none near their southern limit. If
temperature is what ultimately controls
this northern limit, then there will be
fewer species available that can tolerate
the coldest sites regionally, compared to
the warmest sites. With a smaller pool of
species available, more overlap in distri-
bution is expected, and consequently
species distributions are less highly cor-
related with environmental factors.
Species become more widespread as
they are released from competition, and
their compressed niche expands into their
realized niche (Hutchinson 1959;
MacArthur and Wilson 1967). The
importance of microclimatic tempera-
ture to vegetation on both the north and
south slopes supports this hypothesis of
species distributions on the pingos.
Essentially, the north slopes appear to be
more arctic in nature thanthe south slopes.
Boyko’s (1947) geoecological law of
distribution states, “The specific topo-
graphicdistribution (micro-distribution)
of an ecotypic plant species or of a plant
community is a parallel function of its
general geographical distribution (macro-
distribution), since both are determined
by the same ecological amplitudes.”
Thus, the north and south slopes of pin-
gos offer an opportunity to examine the
equivalentofa latitudinal gradient within
a controlled setting that would be diffi-
cult to find along an actual gradient.
Principles of arctic vegetation that have
by wl sdind Vvwudgiear aliipurioudd.
Thus, the north and south slopes of pin-
gos offer an opportunity to examine the
equivalentofalatitudinal gradient within
a controlled setting that would be diffi-
cult to find along an actual gradient.
Principles of arctic vegetation that have
been implied in other studies can be
demonstrated with this model system.

CHAPTER V

FLORISTICS AND BIOGEOGRAPHY

Whereas Chapter IV examined the
relationships between species assem-
blages, this chapter concentrates on the
species themselves and their potential
origin. A key consideration is how the
pingo flora is related to Asian floras and
floras of other areas where steppe-tundra
has been described. One of the main
questions considered here is whether or
not steppe-tundra assemblages represent
relicts, or are just unusual combinations
of species that are well-adapted to their
environment that arrived there through a
combination of short and long-distance
dispersal. Although the classification of
a given type as steppe does not imply a
relationship to any past vegetation, if
there is evidence these are relict then it
would be further evidence for the pres-
ence of these types in the past. Many of
the species important in these assem-
blages are not limited to them, but a
numberrepresent fairly significantrange
disjunctions.

There are two ways in which biogeo-
graphy and species-area correlations can
contribute to the determination of
whether or not these are relicts. The
suggestion made by Koranda (1970) and
Walker (1985a) that the pingos are is-
land-like may have consequences be-

yond the pingos being unusual natural
ﬂ-\a{nr?q:,,bu‘_ baing iclands thaiw condd

contribute to the determination of
whether or not these are relicts. The
suggestionmade by Koranda (1970) and
Walker (1985a) that the pingos are is-
land-like may have consequences be-
yond the pingos being unusual natural
features; by being islands they could
have maintained relicts of past environ-
ments and may hold clues to what those
environments might have been like. If
there are relicts on the pingos, then they
should have non-equilibrium biogeogra-
phy, with extinction rates exceeding
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high value of z, the slope of the species-
area curve, because smaller pingos will
lose species to extinction more quickly
than larger pingos due to smaller popula-
tion sizes on smaller pingos. The second
application of biogeography is to exam-
ine relationships between number of
species and distance to other pingos and
rivers that could be sources for these
plants. A high correlation with distance
to rivers would be indirect evidence that
the species may have dispersed onto the
pingos from the river corridors, which
could have happened recently. A corre-
lation with distance toother pingos would
indicate that these species are actively
dispersing between the pingos today, but
would not rule out the possibility that
they are in the region primarily because
the pingos are there.

Besides their direct application to
the steppe-tundra question, the pingos
allow for a unique application of
equilibrium biogeography in the Arctic.
An important underlying assumption of
island biogeography theory that is not
often discussed is that there is available,
somewhere on the planet, a pool of
species capable of colonizing a given
site, and that these species are limited
only by their ability to disperse and to

find resources that satisfy their niche
raavirarcegt Gn tha geoce nf utahinean

often discussed is that there is available,
somewhere on the planet, a pool of
species capable of colonizing a given
site, and that these species are limited
only by their ability to disperse and to
find resources that satisfy their niche
requirement (in the sense of Hutchinson
1959). There are two reasons why this
basic assumption may not be met in the
Arctic. To a colonizing plant species,
newly arrived at any environment where
some type of long-distance dispersal was
necessary, the presence or absence of
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Figure 75. Distribution of Dryas integrifolia along a latitudinal gradient. The peak
of the abundance curve is north of the peak for vigor of individual plants. This is
hypothesized on the basis of increased competitive pressure at lower latitudes

(adapted from Svoboda and Henry 1987).

establishment can occur, is the first
obstacle that a plant must overcome in
order to establish a population (Harper
1977). At the northernmost limits of
plant growth, there are relatively few
species capable of survival; those that
are present are extremely minute and
may not even be noticed without some
effort (Svoboda and Henry 1987). In
these polar desert regions, the absence of
safe sites, and perhaps competition for
the the few safe sites available, severely
limits the number of species regionally.
In suchsites the concept of an equilibrium
becomes glmost meaningless.. The same
effort (Svoboda and Henry 1987). In
these polardesert regions, the absence of
safe sites, and perhaps competition for
the the few safe sites available, severely
limits the number of species regionally.
In suchsites the concept of an equilibrium
becomes almost meaningless. The same
assemblages are found in all areas where
plants are able to colonize at all (Savile
1960), and the species-area curve would
have a slope of zero. In the Low Arctic,
however, there is complete plant cover
in most sea-level areas, so presumably it

competition for available sites that is
limiting. At some unknown point on a
north to south gradient, the importance
of competition, rather than environmental
stress, controls plant distribution
(Svoboda and Henry 1987; Fig. 75).
North of this point, species-area curves
should all have slopes less than the
predicted value of .12 for a mainland site
in equilibrium (or less than .20 for an
island).

The otherreason why the theory may
not hold in the Arctic is because the flora
is depauperate. The Arctic flora is rela-
tivelv.voune, it is believed 19 have begn
predicted value of .12 for a mainland site
in equilibrium (or less than .20 for an
island).

The otherreason why the theory may
not hold in the Arctic is because the flora
is depauperate. The Arctic flora is rela-
tively young; it is believed to have been
formed mainly by the end of the Tertiary,
at which time there were approximately
1500 circumpolar species. The Plio-
Pleistocene glaciations left few refugia
in the north; thus, the flora of this region
today is a depauperate remnant of its

Table 36. Species that are primarily restricted to pingos within the study region.
Asterisks mark species that are likely disjuncts. Other species may be more common,
particularly along rivers, but have probably been overlooked. They are included here

for now.

Anemone drummondii
Aster sibiricus

Braya humilis

Carex franklinit*

Carex glacialis*

Carex nardina*

Carex obtusata*

Carex petricosa*

Carex supina ssp. spaniocarpa*
Chnidium cnidifolium*
Cystopteris fragilis
Delphinium brachycentrum
Draba fladnizensis

Draba subcapitata*
Elymus innovatus

Erigeron muirii*
Erysimum pallassii
Eritrichum aretioides*

Festuca altaica

Luzula arcuata*

Oxytropis campestris ssp. varians
Oxytropis jordalii

Phlox sibirica

Potentilla nivea

Pulsatilla patens*

Pyrola asarifolia

Pyrola secunda ssp. obtusata
Ranunculus pygmaeus
Saxifraga davurica
Saxifraga reflexa*
Selaginella sibirica*

Senecio hyperborealis*
Stellaria umbellata*
Thalictrum alpinum
Zygadenus elegans

1974). It becomes more depauperate in
the more northern regions, until eventu-
ally there are no species at all (Svoboda
and Henry 1987). The effect of this
depauperate flora would be the same as
the last example. Slopes of species-area
curves willbe diminished whenever there
is less than a full complement of species
available. Because Beringia was a major
refugium, it is an excellent area in which
and Henry 1987). The effect of this
depauperate flora would be the same as
the last example. Slopes of species-area
curves will be diminished whenever there
is less than a full complement of species
available. Because Beringia was a major
refugium, it is an excellent area in which
to apply these ideas.

Floristics

There were 232 vascular taxain 218
species, 113 genera, and 32 families, 104
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on pingos from the region of this study.
The most common vascular families are
the Graminae, with 27 taxa and 23 spe-
cies, the Compositae, with 24 taxa and
23 species, the Cyperaceae, with 24 taxa
and 23 species, and the Cruciferae, with
22 species. Of the vascular species, 35
are known regionally more or less only
from the pingos, although this does not
imply rarity elsewhere (Table 36). Some
cies, the Compositae, with 24 taxa and
23 species, the Cyperaceae, with 24 taxa
and 23 species, and the Cruciferae, with
22 species. Of the vascular species, 35
are known regionally more or less only
from the pingos, although this does not
imply rarity elsewhere (Table 36). Some
of these species have also been collected
cccasionally along riversin this area, but
they are not known elsewhere. Steep
river bluffs and gravel river bars have
similar habitats to those found on the

pingos, and potentially the rivers could
camre ac migratinn rarmidore for alnine
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Figure 76. Distribution of restricted species within the seven microsites.

species from the Brooks Range to dis-
perseonto the coastal plain. Because the
river floras are rather poorly known at
this time, several species that have been
collected along rivers but are thought to
be uncommon inthose areas are included
in this list for now, although future work
may indicate they are more common.
The pingo flora of the study region
consists primarily of circumpolar (100
species) and North American-Asian
(including Beringian endemic) elements
(87 species) with fewer North American
species (15), Western North American-
In tnis Tist 10r now, although tuture work
may indicate they are more common,
The pingo flora of the study region
consists primarily of circumpolar (100
species) and North American-Asian
(including Beringian endemic) elements
(87 species) with fewer North American
species (15), Western North American-
Asian-European species (12), and Alas-
kan-Yukon endemics (10). The 35 spe-
cies that are regionally restricted to pin-
gos (which will be referred to as re-
stricted species) are mainly on the south

has a slightly higher proportion of arctic-
alpine species and a lower proportion of
arctic species than do the regionally more
widespread species (Fig. 77). There are
no coastal species restricted to pingos.
The restricted species have a strikingly
different pattern from the widespread
species with regard to northern limit
types (Fig. 78); the widespread species
are primarily zone 2 and zone 3, the
restricted species are mostly zone 4, and

there is an upward trend from zone 1 to

zone 4 in the lateer group (northern limit
zones are according to Young [1971],
ditterent pattern from the widespread
species with regard to northern limit
types (Fig. 78); the widespread species
are primarily zone 2 and zone 3, the
restricted species are mostly zone 4, and

there is an upward trend from zone 1 to

zone 4 in the latter group (northern limit
zones are according to Young [1971],
zone 1 is the most northern, zone 4 the
most southern). Geographic range also
shows noticeable differences between
the restricted and widespread group (Fig.
79). Whereas nearly half the widespread
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restricted species are North American-
Asian (all of the North American-Asian
categories, including Beringian endem-
ics, are combined in this figure). There
is also a slightly higher proportion of
North American species and Alaskan-
Yukon endemics here.

Landscape Level Effects

The study areas represent different
landscapes, and are used here as the basis

?\L‘E&fﬂ’éﬁ'&i&}ﬁﬁﬂf&é‘f this level. There
Landscape Level Effects

The study areas represent different
landscapes, and are used here asthe basis
for examining trends at this level. There
are only minimal differences between
the study area floras with regard to envi-
ronmental regions (Fig. 80). The
Kadleroshilik area, which has more
species than the other study areas, has
most of this increase in the arctic-alpine
category. The Toolik River area also

chamre rmact ~f 1te adAitianal cnacriac

(compared to the other areas) in this
category. These are warmer areas, with
a few more arctic-boreal plants. Coastal
species are minimal in all areas, but the
Kuparuk, which has a few pingos within
a kilometer of the coast, has the most.

The geographic elements also differ
in their importance between the four
study areas (Fig. 81). The circumpolar
species are the largest category, and this
shows only minimal differences. The
Kadleroshilik area is relatively rich in
Norih ARsTisphAsian.SReGsy JBet:
in their importance between the four
study areas (Fig. 81). The circumpolar
species are the largest category, and this
shows only minimal differences. The
Kadleroshilik area is relatively rich in
North American-Asian species, Ber-
ingian endemics, and Alaskan-Yukon
endemics. The Toolik River area has a
greater numberof North American-Asian
species concentrated in North America
than the other study areas. The other
categories show only minimal differ-
ences between the study areas.
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Figure 80. Number of species in each of the environmental regions categories within

each study area.

The northern limit categories show
some rather striking differences related
to distance of the study areas from the
coast (Fig. 82). The mean distance to
coast increases from Prudhoe Bay to
Kuparuk to Kadleroshilik to Toolik River,
but Kuparuk has more extreme coastal

sitescthan Pudhos, Rave, Jhe et
to distance of the study areas from the
coast (Fig. 82). The mean distance to
coast increases from Prudhoe Bay to
Kuparuk to Kadleroshilik to Toolik River,
but Kuparuk has more extreme coastal
sites than Prudhoe Bay. The greatest
number of zone 1 and 2 species are in the
Kuparuk area, while there are nearly
twice as many zone 3 species and over
four times as many zone 4 species in the
Kadleroshilik and Toolik River areas as
in the Kuparuk and Prudhoe Bay areas.

Microsite-Level Effects

There are significant differences in
the relative importance of the
environmental regions elements among
the microsites (Kruskal-Wallis test, p <
.001 in all cases; Fig. 83). These data
reoresent the proportion of the species

There are significant differences in
the relative importance of the
environmental regions elements among
the microsites (Kruskal-Wallis test, p <
.001 in all cases; Fig. 83). These data
represent the proportion of the species
present at a given site; a value of 70%
indicates that all plots in that microsite
have an average of 70% of their species
in that particular floristic element. The
rather small error bars, representing the
95% confidence interval for the mean,
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study area.

indicate high consistency in types
represented within the various microsites.

Arctic species are least common in
the most exposed sites and most com-
mon in the snowbeds, while arctic-al-
pine species show the opposite trend,

and make up the greatest part of the flora
on the north slope, south slope, and ENE
side. Arctic-boreal species are not par-
ticularly important in any microsite, but
they are a significantly greater portion of
the species in the lower snowbanks
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Figure 82. Number of species within each of the northern limirt categories in each

of the study areas.

(microsite 5), and toalesserdegree in the
middle snowbank (microsite 4). Coastal
species are never more than 2% of the
total flora found in any microsite. The
relatively high numbers of arctic and
arctic-boreal species in the snowbed sites
are somewhat puzzling, because these
categories would seem to have very dif-

ferent characteristics Recanse these are
species are never more than 2% of the

total flora found in any microsite. The
relatively high numbers of arctic and
arctic-boreal species in the snowbed sites
are somewhat puzzling, because these
categories would seem to have very dif-
ferent characteristics. Because these are
based on proportions, the categories are
not independent. A decrease in one
category will lead necessarily to an in-
crease in another. These relatively high
numbers of arctic and arctic-boreal spe-
cies could be, therefore, merely areflec-
tion of the low numbers of arctic-alpine

species in these sites. The arctic-alpine
species are primarily in the snow-free
sites.

Abundance of the circumpolar types
is significantly higher on the summits
(microsite 2) than in the other microsites
(Fig. 84; Kruskal-Wallis test %> = 60.66,
p <.0001). The circumpolar species are

FQImr‘I thronchont the arctic and there-
sites.

Abundance of the circumpolar types
is significantly higher on the summits
(microsite 2) than in the other microsites
(Fig. 84; Kruskal-Wallis test 2 = 60.66,
p <.0001). The circumpolar species are
found throughout the arctic and there-
fore should be widely adapted to many
conditions. Their presence on these
disturbed sites suggests this is the case.
Cooper (1989) also found circumpolar
species to be most abundant on unstable
sitesin the Arrigetch Valley of the Brooks
Range. They are the majority of the flora
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inall of the microsites. North American-
Asian species show a corresponding
decrease in importance in microsite 2,
but are not particularly different between
the other sites. The Beringian endemics
are included in this figure, which in-
cludes all North American-Asian cate-
gories. The south slopes (microsite 6),
which are where the restricted species
are most common, do not show striking
differences from the other microsites
with regard to geographic range types.
There are differences in the distribu-
cludes all North American-Asian cate-
gories. The south slopes (microsite 6),
which are where the restricted species
are most common, do not show striking
differences from the other microsites
with regard to geographic range types.
There are differences in the distribu-
tion of northern limit types by microsite,
except in the most common category,
zone 2 (Fig. 85). The differences within
the zone 1, 3, and 4 species do make
sense in terms of warmth. This is ex-
pected because of the definition of the

u—— -

northernmost, are most common on the
ENE side and north slope, which are the
coldest sites, probably both in winter and
summer. Summer ground temperatures
on north slopes are colder than tempera-
tures on flat mesic tundra. In winter
these sites are mostly snow-free, and so
have little protection from winds and
low air temperatures. Zone 3 species are
least common in these same sites, and
most common in the snowbank and south
slope sites. There are no temperature
data available for the snowbanks, but the
these sites are mostly snow-free, and so
have little protection from winds and
low air temperatures. Zone 3 species are
least common in these same sites, and
most common in the snowbank and south
slope sites. There are no temperature
data available for the snowbanks, but the
deep drifts that form there probably sta-
bilize winter temperatures, and these sites
likely have temperatures close to flat
surfaces in summer, as they face nearly
due west. The south slopes are warmer
than other microsites in the summer.
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Figure 84. Distribution of the two most common geographic range categories within
each of the microsites. North America-Asiaincludes all of the North American-Asian
categories, including Beringian endemics. Chi-square values are from Kruskal-
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Figure 84. Distribution of the two most common geographic range categories within
each of the microsites. North America-Asia includes all of the North American-Asian
categories, including Beringian endemics. Chi-square values are from Kruskal-
Wallis test. Error bars represent 95% confidence interval.

region, as defined by the oil field bounda-
ries, is north of the zone 4 line (Young
1971), but there are a few zone 4 species
at Prudhoe Bay (Walker 1985a). On the

pingos they are never very abundant, but
they are significantly more important on
summits and south slopes, which are the
warmest sites.



Table 37. Percentages of each of the four environmental regions within the stand

ZONE 1 x2:40.34 types and facies. The highest percentage in each row is in bold type. Abbreviations
are in Tables 19-21.
P4
!
v ENVIRONMENTAL REGIONS
z Stand Type/
) Facies Arctic Arctic-Alpine Arctic-Boreal Coastal
g
ST Saxbro-Sphglo 172 +£29 80.1 + 4.4 27+ 18 0
F Rhalan-Polpil 16.7! 83.0 0
ZONE 4 x2:27.33 ST Cerbee-Minrub 270+ 5.5 63.0 + 47 0 100 + 2.1
.001
P00 ST Dryint-Oxynig 195+ 1.8 78.5 £ 19 16+ .16 18 +.74
S F Camar-Calpur 129 £ 45 87.1 £ 45 0 0
" ST Dryini-Astumb 313£13 68.2 % 15 0 A8+ .34
é F Kobmyo-Pedcap 30.9£20 69.1 = 2.0 0 0
i F Carbig-Castet 300 £4.7 70.1£47 0 0
ST Cerbee-Ranped 26.9 * .86 68.4 + 1.3 17+ 41 3171
F Fesbaf-Luzcon 275 £ 1.1 68.9 £ 14 12 £ .48 23+.72
F Trispi-Luzcon 256%12 70.3 £ 1.7 1.7+ .59 24£.78
ST Poagla-Bropum 284 +2.0 67.0 £ 24 4.1+.97 5439
g I;lg'ure 85. Dlsltnbunon of the Igortﬁ;n ”llm;;t categorées wulf’zm the seven mtc’:':sgl tjel; F Pothoo-Polacu 302476 62.5+ 96 13 +26 0
- ¥ ri - . ror rs repr !
i-square values are from Krus allis test. Error bars represent t o F Artglo 1671 833 0 0
confidence interval.
F Carobt-Saxtri 258 £2.6 72.5 27 1.7 £.69 0
F Kobmyo-Salgla 31.6+22 61.6 12 53+ 18 14 £ 97
c P ep:ib"yo” h‘i‘l"c no m“;borca} Spef[fl‘js ST Carrup-Saxopp 288 £ 15 70.0 £ 1.7 53£.30 64+ 36
ommunity Patterns an ge.ncrfi Y no coast spec?cs. € F Carpet-Camar 227425 6.4 + 34 93+ 93 0
exception is Stand Type Cerastiwm beer- F Corfra-Salni 267 £6.7 133 % 67 o 0
The stand types and facies do not  ingianum - Minuartia rubella, whichisa wanip e e
differ greatly with respect to environ-  coastal type, with 10% coastal species, F Carrup-Saxopp 308 £17 67.8 £20 A6+ .32 89 £49
mental region types (Table 37). All  much higher than the mean of 1% for all ST Phialg-Saxriv 41.9+£2.7 42,0 £37 92+£39 69235
stand types and facies have arctic-alpine  stand types. The highest amounts of ST Salrot-Dryint 412+ 16 488 + 15 96+ 1.0 36 + .20
species the most common, and arcticthe  arctic-alpine species are in the most F Salrot-Oxydig 312133 57.7 £ 20 92+28 1.8 £.90
second most common. The few differ-  exposed sites, primarily within Group F Salrot-Eritri 433+ 1.6 46.0 £ 16 107+ 1.1 0
ences that show up are in thg relative Dr)"as integrifolia -.Lecanora epibry.on, ST Castet-Dryint 172+ 12 561+ L4 66+ 87 09 + .09
perc?mages of coastal anfl arc'tlc-bc?rcal whlc.h s.uppons tl'lc idea that these sites F Leddec B 349 +33 9.5 £ 36 156+ 22 0
species. Stand Types Phippsia algida -  are similar to alpine fellfields.
. . . . e e . F Arcrub-Rholap 338122 60.8 £ 20 55+16 0
Saxifraga rivularis, Salix rotundifolia - Distribution of geographic types s s
- - % o ) - . B Cactar Nirring 109 +74 &8.7 + 2.5 4.2+ 9 23 .
stand types and facies have arctic-alpine  stand types. The highest amounts of ST Salrot-Dryint 412+ 16 488 + 15 §2E18 46 £ .20
species the most common, and arcticthe  arctic-alpine species are in the most F Salrot-Oxydig 31.233 57.7 £ 20 92+28 1.8 £ .90
second most common. The few differ-  exposed sites, primarily within Group F Salrot-Erimi 433+ 1.6 46.0 £ 1.6 107+ 1.1 0
ences that show up are in the- relative Dr).las integrifolia -.Lecanora epibry.on, ST Castet-Dryint 172412 56.1 + 14 66+ 87 0+ .09
percentages of coastal am.i anftlc-bc?real Wth.h supports tl'lc idea that these sites F Leddec B 349 +34 9.5 £ 16 156422 0
species. Stand Types Phippsia algida -  are similar to alpine fellfields.
. . . . o S . F Arcrub-Rholap 33822 60.8 £ 2.0 5516 0
Saxifraga rivularis, Salix rotundifolia - Distribution of geographic types
. . . . . . . - i +
Dryas integrifolia, and Cassiope  within the stand types and facies reflects F Castet-Dryint 39.9+24 55725 42%.50 2D
tetragona - Dryas integrifoliahave high  their general distribution (Table 38). ST Dryint-Astumb- 4017 65.1 £ 1.6 56 +.27 40 +.22
numbers of arctic-boreal species com-  Circumpolar species are most important F DovintAs 18233 664 + 2 5+ 53 615 58
. . . e - - 83, 4 £3 86 . t.
pared to the other types, with Facies in the great majority of stands. The th:;';yo tumb
Ledum decumbens - Betula nana the  exceptions are Stand Type Dryas inte- F Carrup-Oxynig 349421 646 + 21 50+ 34 942

highest at 16%. Most of the types within

grifolia - Oxytropis nigrescens, its asso-
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Table 38. Percentages of each of the geographic types within the stand types and facies. The
North American types are combined here, as are all of the North America, Asia types,

including Beringian endemics. The highest value in each row is in bold type; abbreviations Table 38 Continued
are in Tables 19-21.
F Leddec-Betnan 51.1£20 1.8+£.93 452126 15%12 38 +.38
F Arcrub-Rholap 432422 24210 482+27 29+78 33195
GEOGRAPHIC RANGE
F Castet-Dryint 427+15 14+£.52 507t14 37:.64 14 £50
Stand Type/ N Amer, Asia N Amer, Alaska-Yukon
Facies Circumpolar Europe Asia N America Endemic ST Dryint-Astumb- 423+14 24 t .61 50.4 £ 7.8 3.8 +£.50 1.1+ 38
Carrup
F Dryint-Astumb- 42017 36%11 488112 46+ .86 98 £ .66
ST Saxbro-Sphglo 534+45 61+28 R0+66 59431 27£17 Kobmyo
F Rhalan-Polpil 41.71 8.3 25 16.7 2.3 F Carrup-Oxynig 424+ 18 15+.77 51418 39+ .63 73+ 41
ST Cerbee-Minrub 59.5 £59  73%25 275140 45+26 14+14
lp=1,
ST Dryint-Oxynig 434£14 3971  47.6+95 41x77 14z 49
F Carnar-Calpur 404£13 4444 489+ 11 64220 0 : : :
P folia - Astragalus umbellatus and Facies  the steppe-tundra types have higher per-
ST Dryint-Astumb 426+16 34175 49.5+86 331272 12+ .47 Kobresia myosuroides - Pedicularis  centages of zone 3 than zone 2 species:
FKobmyo-Pedcap 399+ 1.6 4811 SLI+20 27+12 14+ .97 capitata within 1t Facies Carex obtusata SlandType Poag_lauca :Bromu:spumpel-
F Carbi - Saxifraga tricuspidata, Stand Type  lianus and all of its facies, Facies Carex
- + . . . . .. . .
ig-Castet 56.6£34 15£15 38814 L5:Ls 15215 Carexrupestris - Saxifragaoppositifolia  franklinii - Salixbrachycarpa ssp. nipho-
ST Cerbee-Ranped 59.6 +34 47+75 33.0£9.0 18+.50 88 + 31 and its facies, Stand Type Cassiope clada, and Facies Arctous rubra - Rho-
F Fesbaf-Luzcon 643+27 28+91  315+26 55437 % + 46 tetragona - Dryas integrifolia and Facies dodendr?rf lapp.omcum. Zone 4 species
. ' Arctous rubra - Rhododendron  are of minimal importance to almost all
F Trispi-Potuni 564220 70£11  332£21 23+61 11153 lapponicum and Cassiope tetragona -  types. Animportant exception is Facies
ST Poagla-Bropum 463+22 72+11 393+66 49+10 23+ .74 Dryas integrifolia within it, and Stand  Carexobtusata - Saxifraga tricuspidata,
TypeDryasintegrifolia- Astragalusum-  which is the best example of a steppe-
F Pothoo-Polacu 502154 74320 38638  38+22 0 YpeLory grif . g . i PP
bellatus - Carex rupestris and the facies  tundra type.
F Anglo 41.71 16.7 41.7 0 0 within it, all of which have more North Distribution of restricted species
F Carobt-Saxtri FIt18 106+.99 40.7+£24 18+16 38+ 14 American-Asian than circumpolar spe-  indicates that they are not randomly
cies. distributed, but are most common in the
FKobmyo-Salgla  54.1£23 2511 378425  32%13  24£12 Distribution of northern limit types  steppe types (Table 40). Although the
ST Carrup-Saxopp 39.0+20 37+80 49.5+103 66%12 13+.55 varies considerably between theclassifi-  mean number of restricted species for a
. . - "
F Carpet.Camar U519 56413 448433 121%32 30420 cau_ons(Tablc 39). Most stand types and given sample plot is only 1.2 £ .06,
facies have zone 2 the most common,  within Stand Type Carex obtusata -
F Carfra-Salnip 40.0%0 6710  46.7 £ 00 0 67%0 followed by zone 3, which is the overall ~ Saxifraga obtusatathe meanis4.2 £ .88.
FCamp-Saxopp  40.142.6 2810 SL1£24 5611  26+.26 pattern. There are quite a few thatdo not
. . follow this pattern, however. Facies Comparison with Other Regions
QTPba}GbTJ‘J&‘b. 8% 104 ALE%T S w58 1ol au J4+14 = p - - p g .
cies. distributed, but are most common in the
FRobmyo-Salgla  54.1£23  25+11 37825 32%13  24%12 Distribution of northern limit types  steppe types (Table 40). Although the
ST Carrup-Saxopp 39.0£20 37+.80 495+ 103 66%12 13 + .55 varies considerably betweentheclassifi-  mean number of restricted species for a
. . - +
F Camet.Camar U519 S6+13 44833 121432 30420 catl.ons(Table 39). Moststand types and given sample plot is only 1.2 * .06,
facies have zone 2 the most common,  within Stand Type Carex obtusata -
F Carfra-Salnip 400%0 67+0  46.7 £ 00 0 67£0 followed by zone 3, which is the overall ~ Saxifraga obtusatathemeanis4.2+ 88.
FCamup-Saxopp  40.1+26 28+10 SL1+24 S6xl1  26+.26 pattern. There are quite a few that do not
. follow this pattern, however. Facies Comparison with Other Regions
ST Phialg-Saxriv 72.6 £ 104 42+27 218+ 158 0 14+ 14 TS pattern, h p g
Rhacomitrium lanuginosum - Poly-
ST Salrot-Dryint 505+ 16 2961 420486 1751 292 48 trichum piliferum is equally divided Comparison of the pingo flora to
F Salrot-Oxydig 53.0 £58  15+15 139434 33417 . b_etwecn zone 1 and zone 2, a.thhc ENE four other selected floras is shown in
side and north slope types in general Table 41. The two figures represent
F Salrot-Eritri 492 + 15§ 21+ 54 43R+ 15 15+ 582 14 + 59 havia hinhar narea ntamar ~f 2Aana 1 ona_ Qarancan’c Ff10AY indev AfF cirmilariry



Table 39. Percentages of each of the four northern limit types (Young 1971) within
the stand types and facies. The highest values in each row are in bold type;
abbreviatons are in Tables 19-21.

NORTHERN LIMIT ZONES
Stand Type/
Facies Zone 1 Zone 2 Zone 3 Zone 4

ST Saxbro-Sphglo 262154 44.7 £33 254 +38 3723
F Rhalan-Polpil 33.31 333 25.0 8.3

ST Cerbee-Minrub 36.5+48 55922 7636

ST Dryint-Oxynig 313115 46.0 + 1.6 223+18 32+ .32
F Carnar-Calpur 23.2+10.1 51396 255+ 54

ST Dryint-Astumb 275+18 41.9 + 2.0 300 £2.1 64 £ .30
F Kobmyo-Pedcap 170+23 437 £ 42 37.2+34 2,1 +.84
F Carbig-Castet 288 £6.0 43.1 £6.1 28.1+ 110 0

ST Cerbee-Ranped 254+ 1.8 543 + 14 188+ 1.5 1.5 £ .43
F Fesbaf-Luzcon 31.7£29 49.1 £ 24 184 £2.7 80 + 43
F Trispi-Potuni 186+ 1.7 58913 208 + 1.7 1.7+ 68

ST Poagla-Bropum 13.1+ 14 372+ L7 43.4 £ 2.0 63+ 13
F Pothoo-Polacu 170+ 1.9 323+49 48.8 + 4.9 1.9+ 1.1
F Anglo 0 50.0! 50.0 0
F Carobt-Saxtri 124 +2.1 376%26 37.7 £3.6 123 £ 98
F Kobmyo-Salgla 134 +23 37622 45.7 £ 1.9 33+£1.7

ST Carrup-Saxopp 2484 1.6 41.0 + 1.8 32317 2.0 £ .86
F Carpet-Camar 159+12 454 + 52 310+57 7.6 +3.1
F Carfra-Salnip 167 +£3.3 333167 434 +33 670
F Carrup-Saxopp 28.1+ 1.8 404 + 1.9 314 £ 1.7 0

ST Phialg-Saxriv 342+ 114 46.9 £ 4.8 162 +6.8 28128

ST Salrot-Dryint 245+ 13 45.7 £ 1.2 294 + 1.7 35+.20
F Salrot-Oxydig 25.1 £ 4.1 46.2 £ 3.2 27.7t4.8 1.0 £ .65
F Salrot-Eritri 238114 45,5+ 14 30.5+19 21+ .21

ST Castet-Dryint 183+ 1.1 434 + 1.1 36.7+1.8 1.5+ .31
F Leddec-Betnan 14315 43.3 £ 3.1 398 + 3.6 26+ .87
F Arcrub-Rholap 11.9 + .65 36.1 1.7 50.5 + 1.7 1.5+ .68
T Mactar MNemringt 71 + 1A AT Q 4 1 4 A7 Qe+ 2N 174+ 4R

ST Salrot-Dryint 245+ 13 457 £ 12 294 + 1.7 35+.20
F Salrot-Oxydig 25.1 4.1 46.2 £ 32 27.7+4.8 1.0 £ .65
F Salrot-Eritri 23.8% 1.4 455+t 14 305+ 19 2121

ST Castet-Dryimt 183 + 1.1 434 + 1.1 36.7+18 1.5 £ .31
F Leddec-Betnan 143+ 15 43.3 £ 3.1 398 +3.6 2.6+.87
F Arcrub-Rholap 11.9 = .65 361 £ 1.7 50.5 £ 1.7 1.5+ 68
F Castet-Dryint 231+ 16 478 + 14 27820 1.3+ 48

ST Dryint-Astumb- 227+ 14 45.9 £ 14 3.0 L7 36 +.20
Carrup
F Dryint-Astumb- 174 £ 1.7 44.0 £ 2.6 37.5+33 .86 + 58

Kobmyo

F Carrup-Oxynig 257 %16 46.5 £ 1.8 277+ 18 .16 £ .16

Table 40. Mean number of restricted species within the stand types and facies.

Values greater than one are bold faced.

Stand Type/Facies Number of Species Stand Type/Facies Number of Species
S Saxbro-Sphglo 60+ 40 S Carrup-Saxopp 13 .31
F Rhalan-Polpil 1.0 F Carpet-Carnar 3.5+.99
S Cerbee-Minrub 25%.25 F Carfra-Salnip 2040
§ Dryint-Oxynig 38+ .18 F Carrup-Saxopp 57+.11
F Carnar-Calpur 20%1.0 S Phialg-Saxriv 1.2£.63
S Dryint-Astumb 80+ .15 S Salrot-Dryint 17 .07
F Kobmyo-Pedcap 1.6+ .29 F Salrot-Oxydig 57+.30
F Carbig-Castet 33+.33 F Salrot-Eritri 04+ .04
S Cerbee-Ranped 37+.09 S Castet-Dryint 57+.09
F Fesbaf-Luzcon 27+.12 F Leddec-Betnan 61+.24
F Trispi-Potuni 44+ .16 F Arcrub-Rholap 93+.27
S Poagla-Bropum 20+ .53 F Castet-Dryint 29+ .10
F Pothoo-Polacu 50+.29 (S: aln)-rrl){;l)m-Asmmb- 56+.73
F Arnglo 0 F Dryint-Astumb- 13+ .20
F Carobt-Saxtri 42+ 88 Kobmyo
F Kobmyo-Salgla 75+ 31 F Carrup-Oxynig 27+.12

Table 41. Comparison of the pingo flora with four other floras. Index of similarity
isaccording to Sgrenson (1948). Percent of pingo flora is the percentage of the pingo
flora present in the other area.

Number of Index of Percent of
Area Species in Common Similarity Pingo Flora
Prudhoe Bay 167 70.0 72.0
(D.A. Walker 1985)
Lake Peters, northern 175 67.4 75.4
Brooks Range
(Batten 1977)
Arrigetch Creek Valley, 145 62.2 62.5
southern Brooks Range o
Prudhoe Bay 167 70.0 72.0
(D.A, Walker 1985)
Lake Peters, northem 175 67.4 75.4
Brooks Range
(Batten 1977)
Arrigetch Creek Valley, 145 62.2 62.5
southem Brooks Range
(Cooper 1987)
Indian Peaks, Colorado 53 219 22.8

(Komdrkovs 1979)

IS, = 2c/A+B, where c is the total number of species in common, and A and B are the
total number of species at each of the two areas.



in the other area. These are slightly
different statistics. The index of similar-
ity indicates similarity between the two
floras, but in this case we are interested
also in how much of the pingo flora is
shared with that area. This is related
again to the increasingly depauperate
nature of the flora as one goes north. A
High Arctic area with only 10 species
could have 100% of those present in an-
other area, and yet might have a rather
low similarity to thatareaif it had amuch
larger flora. In this case the two figures
are very similar, although the second
generally indicates more similarity than
the indices do. The pingo flora is not a
complete regional flora, and in this sense
the second figure may have more mean-
ing.

The pingo flora is a partial subset of
the Prudhoe Bay region, but this study
covered a broader area. Within the
Prudhoe Bay region, there are 245 vas-
cular plant taxa (Walker 1985a). At the
family level, the two floras are quite
similar (Table 42), butonly 72% (167) of
the pingo florais within the Prudhoe Bay
flora, including those species that are
probably only at Prudhoe Bay because
the pingos are there. The greater number
of restricted species on the south slopes
of pingos suggests that these habitats are
probably not found elsewhere on the
coastal plain. The steep temperature
gradient in this region, combined with
the extension of this study further to the
south and the increased temperatures on
the soatb slongeaeslts inaaniare.Jpra
of pingos suggests that these habitats are
probably not found elsewhere on the
coastal plain. The steep temperature
gradient in this region, combined with
the extension of this study further to the
south and the increased temperatures on
the south slopes, results in a unique flora
that contains elements not common in
the Prudhoe Bay mesic tundra. Also,
many species that are common within
the Prudhoe Bay region are not found on
the pingos because the appropriate habi-
tats are not present, primarily species

common in wet and aquatic habitatsorin
specialized habitats, such as frost scars
and sand dunes.

While the similarity index between
the pingos and the Lake Peters areain the
northern Brooks Range (Batten 1977) is
somewhat lower than between the pin-
gos and Prudhoe Bay, the number of
species in common is actually higher.
This indicates the alpine character of the
pingo vegetation and its links to the
Brooks Range. The pingos share a
number of vegetation elements with the
Arrigetch Creek area described by Coo-
per (1986),and the florasof the two areas
also share nearly two-thirds of their
species. Comparison to the Indian Peaks
region is shown as an example of a well-
known region in the Colorado Rockies.
Twenty-two percent of the pingo flora is
in common with this region.

The somewhat higher numbers of
North American and Alaskan-Yukon
endemics within the species restricted to
the pingos, along with the high numbers
of zone 3 and 4 species in this group,
suggests apossiblelink tointerior Alaska.
Young (1982) has suggested that if there
was an extensive full-glacial steppe in
Beringia, it was probably bestdeveloped
in the interior region. The climate of
these areas would have been more conti-
nental than today, although mean tem-
peratures were undoubtedly colder (Barry
1982). If this were the case, then this
region is perhaps the best place to look
for modern analogs.
< JMuzray €t al. (1983) examined spe-
these areas would have been more conti-
nental than today, although mean tem-
peratures were undoubtedly colder (Barry
1982). If this were the case, then this
region is perhaps the best place to look
for modern analogs.

Murray et al. (1983) examined spe-
cies assemblages that they hypothesized
arerelicts along steep, south-facing bluffs
of the Yukon, Copper, and Tanana Riv-
ers in the interior region of Alaska. A
number of the vascular species restricted
to the sites within the interior boreal

Table 42. Number of vascular taxa in plant families recorded in this study and in

the Prudhoe Bay region (Walker 1985a).

PRUDHOE

PINGOS BAY REGION
Family Number Percent Number Percent
Graminae 27 11.6 31 13.0
Compositae 24 10.3 22 9.2
Cyperaceae 24 10.3 29 12.2
Cruciferae 22 9.5 21 8.8
Saxifragaceae 15 6.5 15 6.3
Leguminosae 14 6.0 13 5.5
Salicaceae 13 5.6 12 5.0
Caryophyllaceae 12 52 15 6.3
Rosaceae 11 47 8 34
Ranunculaceae 10 43 11 4.6
Ericaceae 8 34 5 2.1
Papaveraceae 6 2.6 2 0.8
Juncaceae 5 2.2 9 3.8
Polygonaceae 5 22 4 1.7
Scrophulariaceae 5 22 10 42
Liliaceae 4 1.7 2 0.8
Primulaceae 4 1.7 4 1.7
Equisetaceae 3 1.3 3 1.3
Polemoniaceae 3 1.3 3 13
Pyrolaceae 3 13 2 0.8
Onagraceae 2 0.9 2 0.8
Umbelliferae 2 0.9 1 04
Betulaceae 1 0.4 0 0
Boraginaceae 1 0.4 2 0.8
Campanulaceae 1 04 1 0.4
Gentianaceae 1 0.4 2 08
Halorgaceae 1 0.4 2 0.8
Lycopodiaceae 1 0.4 1 0.4
Plumbaginaceae 1 0.4 2 0.8
Polypodiaceae 1 0.4 0 0
Boraginaceae 1 0.4 2 0.8
Campanulaceae 1 0.4 1 04
Gentianaceae 1 0.4 2 0.8
Halorgaceae 1 0.4 2 0.8
Lycopodiaceae 1 04 1 04
Plumbaginaceae 1 0.4 2 0.8
Polypodiaceae 1 04 0 0
Valerianaceae 1 0.4 1 0.4
Selaginellaceae 1 0.4 0 0
Crassulaceae 0 0 1 0.4
Lentibulariaceae 0 0 1 0.4
Sparganiaceae 0 0 1 0.4
TOTAL 232 100 238 100




Table 43. Species found on pingos that were listed by Murray er al. (1983) as
restricted in subarctic (interior) Alaska and Yukon to steep, south-facing river bluffs.
Anasterisk indicates the species is thought to be restricted to pingos within the region

of this study.

VASCULAR SPECIES

Carex supina ssp. spaniocarpa*
Lesquerella arctica

Potentilla hookeriana
Pulsatilla patens*

Selaginella sibirica*

MOSSES

Encalypta rhapdocarpa
Hylocomium splendens
Polytrichum piliferum
Rhytidium rugosum
Thuidium abietinum
Tortella fragilis
Tortula ruralis

forest are plants of the true steppes, such
as Carex filifolia, Linum lewisii, Phlox
hoodii, and Townsendia hookeri. Other
species, such as Selaginella sibirica, are
considered steppe-tundra plants. These
areas, therefore, may represent a critical
link between the steppe-tundras and the
true steppes. Table 43 lists the species
that Murray et al. listed as restricted to
these bluffs within that region and that
are also found on pingos. There are only
five vascular species on the list, but three
of them are restricted primarily to the
pingos, and all of them are primarily
fdeppih sloeesd fts il einaks
that Murray et al. listed as restricted to
these bluffs within that region and that
are also found on pingos. There are only
five vascular species on the list, but three
of them are restricted primarily to the
pingos, and all of them are primarily
found on south slopes {Potentilla hook-
erigna is also common on summits).
The bryophyteslisted are all common on
the pingos, as are almost all of the li-
chens. The exception is Phaeophyscia
constipata, which is listed by Thomson
(1984) ac * verv rare arctic-alnine.

LICHENS

Caloplaca stillicidiorum
Cetraria nivalis

Cladonia pyxidata
Cornicularia aculeata
Peltigera aphthosa

P. lepidophora!
Phaeophyscia constipata*
Physconia muscigena
Rinodina roscida

Toninia caeruleonigricans

'A new record for this region, probably
overlooked.

locality is only the third in Alaska; the
other is in the Aleutian Islands. Its eco-
logical importance to the steppe ques-
tion is uncertain, but its rarity, combined
with its presence in two very distant
sites, both of which are believed to rep-
resent possible relicts, is difficult to
explain based on long-distance disper-
sal. It was found in only two plots, both
on the same pingo, in Stand Type Carex
obtusata - Saxifraga tricuspidata and
Stand Type Trisetum spicatum - Poten-
tilla uniflora, both of which are consid-
ered steppe tundras here.

Cxplaln Ddscu on lUﬂg'UlSla.llCC ulsper -
sal. It was found in only two plots, both
on the same pingo, in Stand Type Carex
obtusata - Saxifraga tricuspidata and
Stand Type Trisetum Spicatum - Poten-
tilla uniflora, both of which are consid-
ered steppe tundras here.

Biogeography
Species-Area Correlations

Number of species is significantly
correlated with ningo area for all species
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Figure 86. Correlation of number of species with pingo area. The z symbol

represenis the slope of the line.

subgroups (Fig. 86). The value of z for
vascular species (.10) is at the lower
limit of the expected range for a main-
land site (MacArthur and Wilson 1967),
and for all other groups it is below this
value. The intercepts of these lines re-
flect the relative richness of the three
subgroups. Both the slope and the corre-
lation coefficient increase as the relafive
limit of the expected range for a main-
land site (MacArthur and Wilson 1967),
and for all other groups it is below this
value. The intercepts of these lines re-
flect the relative richness of the three
subgroups. Both the slope and the corre-
lation coefficient increase as the relative
number of species increases, going from
bryophytes to lichens to vascular plants.
The low slopes for the cryptogams sug-
gest a non-equilibrium condition where
colonization rates are high compared to
extinction rates. Colonization rate is

area than on island size. Cryptogams re-
produce by spores and are therefore more
efficient at dispersal than vascular spe-
cies. Habitat may not be limiting for
cryptogams when measured at thisscale.

When Koranda (1970) and Walker
(1985a) made the suggestion that pingos
are islands, they were certainly referring

18 oLeRR Sl R TR nbrepst s
efficient at dispersal than vascular spe-
cies. Habitat may not be limiting for
cryptogams when measured at this scale.

When Koranda (1970) and Walker
(1985a) made the suggestion that pingos
are islands, they were certainly referring
to stecp-sided types. The broad-based
pingos are generally similar to other
mesic uplands present in the gently roll-
ing thaw-lake plains; until an ice core
was confirmed in one of them (pingo 16;
Brockett 1982), there was considerable
doubt that thev were ningas at all When
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Figure 87. Correlations of number of species with steep-sided pingo area.

the analyses, the slope of the vascular
species increases to .15, and all of the
correlations increase in strength (Fig.
87), so it appears that the steep-sided
pingos are more island-like than the
broad-based forms, but the slopes of
their species-area curves are still well
within the range expected for a mainland
site. Thus, the pingos do not function as
isolated islands.

If the vascular species that are re-
gionally restricted to pingos are ana-
broad-based forms, but the slopes of
their species-area curves are still well
within the range expected for a mainland
site. Thus, the pingos do not function as
isolated islands.

If the vascular species that are re-
gionally restricted to pingos are ana-
lyzed separately, however, a different
picture emerges (Fig. 88). While the
correlation with area is not as strong for
this group as it is when all vascular
species are considered (r = .49, p <.05),

it is significant, and the z value of .24 is
rrithin tha ranaa nf 20 tn 28 avnected

for an oceanic island (MacArthur and
Wilson 1967). There are two possible
interpretations for this. One is that all of
these species really are restricted to cer-
tain sites on the pingos within this re-
gion, but they are moving about between
sites, and thus this value represents an
island type of equilibrium. The other
possibility 1s that some of these species
are more common than they are thought
to be based on current collections, and
this group of species can freely colonize
gion, but they are moving about between
sites, and thus this value represents an
island type of equilibrium. The other
possibility is that some of these species
are more common than they are thought
to be based on current collections, and
this group of species can freely colonize
the pingo by short-distance dispersal.
The remainder of the species in this
scenario, however, would not be in equi-
librium, and thus would be relict and not
actively dispersing today. In this case
the value of z is midway between the
valune exnected for a non-equilibrium
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F f'gure 88. Correlations of vascular Species with pingo area, compari ng steep-sided
pingos, broad-based pingos, and restricted species.

island (above .35) and an equilibrium
mainland (below .17). The two scenar-
ios are not mutually exclusive and can-
not really be separated. This is not a
particular problem for this study, how-
ever, as they both support the idea that at
least some of these species are relict. In
the first instance they are all relict re-
gionally but able to colonize new sites
where habitats are appropriate. In the
second instance some are not relict at all,
particular problem for this study, how-
ever, as they both support the idea that at
least some of these species are relict. In
the first instance they are all relict re-
gionally but able to colonize new sites
where habitats are appropriate. In the
second instance some are not relict at all,
and the remainder are truly relict in the
sense that they are not able to disperse to
new sites. The actual situation is likely
Somewhere in between, and data to be
bresented in Chapter 6 suggest these
Species are mostly capable of dispersal.

Correlations with Other Factors

Stepwise multiple regressions were
run to determine if variables other than
area were related to number of species.
For vascular species, height of the pin-
gos, rather than area, best explains
number of species (Table 44). A total of
five variables entered into the regression
equation, and the most variation is ex-
plained by havingall five variables in the
area were related to number of species.
For vascular species, height of the pin-
£0s, rather than area, best explains
number of species (Table 44). A total of
five variables entered into the regression
equation, and the most variation is ex-
plained by havingall five variables in the
equation. Once height, which accounts
fornearly 60% of the variance in number
of species, is in the equation, however,
the contribution of the other variables is
not significant. Temperature (distance
to coast), which is the second variable to



Table 44. Multiple regression summary table of number of vascular species (log, )
against environmental and morphological variables.

Significance
Step Variable Significance R? of Regression
1 Height 000 558 <0001
2 Distance to coast (temp.) .082 592 <.0001
3 S.D. of pH .059 .630 <.0001
4 Area (log) .593 633 <.0001
5 Nearest river .688 634 <.0001

enter, was shown in Chapter 4 to be
closely related to vascular species distri-
bution. Itis also correlated with number
of vascular species (r = 352, p < .05),
and its contribution to the multiple re-
gression is almost significant.

One variable in Table 44 that re-
quires explanation is the standard devia-
tion of pH. In Chapter 4, pH was shown
to be the factor most strongly related to
the distribution of cryptogams, and the
second most important to the distribu-
tion of vascular plants. A significant
negative correlation between pH and
standard deviation of pH was also dem-
onstrated. Number of species correlates
with both pH and standard deviation of
pH, and the strength of the correlations is
similar. Because pH has been demon-
strated to relate to species distributions,
standard deviation of pH is an indirect
standard deviation of pH was also dem-
onstrated. Number of species correlates
with both pH and standard deviation of
pH,and the strength of the correlationsis
similar. Because pH has been demon-
strated to relate to species distributions,
standard deviation of pH is an indirect
measure of habitat variability. Thus,
standard deviation of pH rather than pH
was used in the analyses.

The correlation of height with num-
ber of vascular species is also likely

related to habitat variability, which
MMenAwthiiw and Wilaan F10A7\ cnarn.

lated is likely the ultimate factor control-
ling number of species. Taller pingos
have longer, more complex slopes and
are therefore likely to have a greater vari-
ability of habitats present on them. The
direct measurement of habitat variabil-
ity is difficult, as different species will
have different habitat requirements.
These data do suggest a correlation be-
tween habitat and number of species.
Thefinal variable to enter the equation is
distance to the nearest river. This vari-
able does not make a significant contri-
bution to the multiple regression, and it
isnot correlated with number of vascular
species (r = .078) or with number of
bryophytes or lichens. Thus, most of the
species on pingos probably did not get
there by dispersal from rivers.

The vascular species restricted to
pingos show a somewhat different pat-
is not correlafed With Hinioer of Vastale
species (r = .078) or with number of
bryophytes or lichens. Thus, most of the
species on pingos probably did not get
there by dispersal from rivers.

The vascular species restricted to
pingos show a somewhat different pat-
tern than the other vascular plants (Table
45). In this case temperature (distance to
coast) is most important, but height also
makes a significant contribution to the
regression. Adding standard deviation
of pH increases the total variance ex-
nlained hnt not sionificantlv. and area

Tab].e 45. Ml.Jlliple regression summary table of number of vascular species (log,)
restricted regionally to pingos against environmental and morphological variables.

‘ Significance
Step Variable Significance R? of Regression
1 Distance to coast (temp.) 0000 542 <.0000
2 Height .000 .794 <.0001
3 S.D. of pH 152 .806 <.0000
4 Area (log) 917 .806 <.0001

Tab.lc 46. Mulliplc regression summary table of log 1o Number of lichen species
aganst environmental and morphological variables.

Sep Variable Sion Significance
ignificance R? of Regression

1 Area (log) .000 317 000

2 S$.D. of pH 218 344 -.000

3 Distance to coast (temp.) 242 .369 001

4 Height 144 405 .001

5 Distance to nearest pingo 153 440 .001

6 Distance to nearest river .621 444 002

does not add anything. The restricted

SNAMianr nea smninle: mme e D o1 o
5 Distance to nearest pingo
6 Distance to nearest river

47) species indicates that these two
153 440 .001
.621 444 .002

does not add anything. The restricted
Species are mainly zone 3 and zone 4
Plants; they are most common in the
Warmer inland areas. These species are
not correlated with distance to rivers at
any level.

~ Multiple regression of number of
lichen (Table 463 and Feomembora (oot

47) species indicates that these two
groups are controlled by fairly similar
factors. The bryophytes are most stron gly
related tostandard deviation of pH, a gain
suggesting that habitat variability is likely
very important in determining number
of species. Five additional variables also

nnnnnn Y



Table 47. Multiple regression summary table of log 10 number of bryophyte
species against environmental and morphological variables.

Significance
Step Variable Significance R? of Regression
1 S.D. of pH 002 218 002
2 Area (log) .180 255 .004
3 Distance to coast (temp.) .658 259 011
4 Distance to nearest pingo 700 262 024
5 Height .857 262 050
6 Distance to nearest river 864 263 .090

significant contribution, and the signifi-
cance of the regression actually decreases
rather than increases when any other
variables are included. The lichens are
most strongly correlated with area, and
standard deviation of pH is the second
variable to enter. It does not make an
additional significant contribution to the
total variance explained, but the maxi-
mum amount of information is explained
when these two variables are included.
Addition of other variables again de-
creases the regression significance.

Discussion and Conclusions

Boyko’s (1947) lawof geoecc_)logical

when these two variables are included.
Addition of other variables again de-
creases the regression significance.

Discussion and Conclusions

Boyko’s (1947) law of geoecological
distribution, discussed in the last chapter,
is applicable here. This law states that
the regional and also specific habitat
distribution of a species is areflection of
its broader (in this case worldwide)
distribution. There are more southerly

more high arctic species in the coldest
sites. Allthe floristicevidencepresented
supports this law, and again, the pingos
are shown to be useful systems to test
ideas that are often to difficult to support
with direct evidence.

The floristic and biogeographic evi-
dence supports the concept of relict ele-
ments on the pingos. The floristic rela-
tionships of the restricted species indi-
cate that they are southerly, arctic-alpine
species with links to Asia and also to
North America. The high percentage of
North American-Asian species links
these plants to Siberia; the arctic-alpine
and zone 3 and 4 species link them to the
Brooks Range, and the North American
cate that théy are southerly, arctic-alpine
species with links to Asia and also to
North America. The high percentage of
North American-Asian species links
these plants to Siberia; the arctic-alpine
and zone 3 and 4 species link them to the
Brooks Range, and the North American
and zone 3 and 4 species link them to
interior Alaska. These species are not
randomly distributed, but are most
common on south slopes, particularly in
the steppe-tundra types. Additionally,

the species-area analyses indicate that at
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relict, and an absence of a link to the
rivers, which would be the only plau-
sible modem point of dispersal, further
supports this concept. These species are
often found together, and the odds of an
assemblage of rare species randomly dis-
persing to the same site are likely less
than the odds of their representing a
vegetation that was once more wide-
spread and is now limited to a few sites
(Murray et al. 1983).

Many of the problems with steppe
vegetation were discussed in Chapter
IV. These will be briefly reviewed here
in order to evaluate all of the evidence
simultaneously. There are actually two
quite different problems. The firstis the
classification of present day arctic and
alpine types that have a steppe-like char-
acter; that is, those that are well-drained
and dominated by grasses and forbs. The
second and more controversial problem
is the hypothesized link between these
modem types and the Pleistocene Ber-
ingian vegetation, If the modem types
are defined by physiognomy and growth
form, which was done here, then there is
no classification problem. It is still use-
ful, however, to demonstrate floristic
and ecological relationships between the
vdrious steppe types, including possible
links between true steppes and steppe
tundras. On the pingos, the primary
ecological links are the occurrence of
these types on sites with the greatest
daily temperature variation (south
slopes), and possibly the greatest annual
variation, making them more gominen-
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links between true steppes and steppe
tundras. On the pingos, the primary
ecological links are the occurrence of
these types on sites with the greatest
daily temperawre variation (south
slopes), and possibly the greatest annual
variation, making them more continen-
tal than other sites (although certainly
still arctic by Koppen's [1936] defini-
tion), and the soils on these sites, which
are very closely related to the Mollisols
of the Great Plains.

It is the link to the past that has been

Pollenis only a crude tool for estimation
of past environments, and unless very
careful work is done, oftenutlizing elec-
tron microscopy, identification to the
species or even the genus level is diffi-
cultorimpossible. The Graminae, which
are an important part of the herb zone
pollen strata believed by many to repre-
sent a steppe type, are a particularly
difficult group. Artemisia, which has
also been very important in these pro-
files, cannot be identified to species level
(Ritchie 1984). This leads to a variety of
possibleinterpretations based on the same
evidence. Nevertheless, it is agreed that
the Pleistocene North Slope vegetation
was very different than it is today. The
climate was probably much drier, and
there was a greater importance of grasses
and herbaceous species present in the
vegetation. There was little or no accu-
mulation of peat during the full glacial
approximately 10,000 to 24,000 BP. Be-
tween about 8,000 and 10,000 BP there
was acatastrophic change, which shows
up in the pollen record as an influx of
birch (Ager 1982; Giterman et al. 1982;

Ritchie and Cwynar 1982; Schweger
1982; and others). This birch influx has
been documented as far north as the

modermn northem coast (Wilson 1984).

The birch began to retreat somewhere

between 7,000 and 4,000 BP, and this is

when the modern vegetation is believed

to have become established.

Ritchie (1984; Ritchie and Cwynar
1982) has been a major proponent of the
idea that the pollen evidence perhaps c@t}'
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The birch began to retreat somewhere
between 7,000 and 4,000 BP, and this is
when the modern vegetation is believed
to have become established.

Ritchie (1984; Ritchie and Cwynar
1982) has been a major proponent of the
idea that the pollen evidence perhaps fits
the concept of fellfield type of vegeta-
tion rather than a steppe. Both sieppe
and fellfield are herbaceous and grass-
dominated, and could be interpreted from
the pollenrecords. Ritchie hascited low
pollen influx rates as other evidence for



(1982), who described the Pleistocene
vegetation as most likely a mosaic, feels
that fellfield types were probably more
common in the northern areas of Ber-
ingia, gradinginto steppesin theinterior.
The pingo plant communities consist of
some types that are very much like al-
pine fellfields, with well-spaced cushion
and mat plants and gravelly soils. Many
of the dominant species in these areas,
such as Oxytropis nigrescens, are arctic-
alpine Beringian endemics. There are
alsosteppe-like communities, which have
much higher coverage by vascular plants
and which are primarily dominated by
grasses. Murray et al. (1983) have made
the important point that “...the abun-
dance of arctic-alpine cryophytes in ...
pollen spectra is not fatal to the idea of a
steppe-like vegetation, ... with the lower-
ing of tree line during coolertimes ... the
mountain and steppe types would
mingle.”

With the present evidence, there is
no way to make a completely firm link
between the pingo vegetation today and
types that would have existed in the past.
Pingos are not completely isolated, and
if we imagine one that has existed for
10,000 years or so, its vegetation
represents an integration of past events
with present climate, environment, and
flora. There is indirect evidence, based
primarily on soils and geomorphology,
that at least some pingos have been in
existence that long or longer (Walker et
al. 1985; also see Chapter 6). Young
(1982) stressed the need for multiple

lines of evidence in dealing with such a
represents an integration of past events

with present climate, environment, and
flora. There is indirect evidence, based
primarily on soils and geomorphology,
that at least some pingos have been in
existence that long or longer (Walker et
al. 1985; also see Chapter 6). Young
(1982) stressed the need for multiple
lines of evidence in dealing with such a
complex problem. Floristic and
ecological evidence is needed from
modern sites that are most likely to
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region that may haveanalogs include the
sand dunes associated with the
Sagavanirktok and Kuparuk river deltas
(Walker 1985a) and the steep banks of
rivers, More careful work is needed,
particularly along therivers, to determine
if they support other steppe types.

The other question considered here
was the more general problem of an
equilibrium in the Arctic. Both the li-
chen and bryophyte species-area curves
have slopes below the level predicted by
MacArthur and Wilson (1967) for main-
land areas, and the vascular species are at
the lower end of the expected range of
values. Thereisaconsistent relationship
between the total size of a flora for a
given taxonomic group and both the slope
and strength of the species-area correla-
tion for that group. Thus, the bryo-
phytes, with the smallest flora on the
pingos, also have the lowest slope and
weakest correlation with pingo size.
These data suggest that the vascular
species are in equilibrium, but that the
bryophytes and lichens have too few
species available for an equilibrium in
the sense of MacArthur and Wilson
(1967). Thisis supported by the position
of most of these species within the plant
communities. They are generally ubiqui-
tous and common in several stand types.
If this is true, then the vascular species
should show a similar trend on a north-
ward gradient in the Arctic, as species
are lost due to their inability to exist at
high latitudes.

While the lowered values of z can be

explained based on a lowered number of
communities. ‘Theyare generally ubiqui-

tous and common in several stand types.
If this is true, then the vascular species
should show a similar trend on a north-
ward gradient in the Arctic, as species
are lost due to their inability to exist at
high ladtudes.

While the lowered values of z can be
explained based on a lowered number of
colonizing species, the reduced strength
of the correlations was not expected.
Habitat variability appears to be impor-
tant in datarminine nuimbhere of snecies.

suitable habitats on pingos for the major-
ity of the regional bryophyte flora. They
are most common in moist and wet tun-
dra. On the pingos, it is likely that
appropriate habitats are not necessarily
well correlated with pingo size, nor are
they particularly well defined by stan-
dard deviation of pH. Total amount of
moisture available may well determine
the number of bryophyte species. Other

equilibrium studies have not considered
cryptogamic species, as they are a minor
component in most environments, and
their taxonomy is difficult. Other stud-
ies that consider cryptogams, preferably
in arctic environments, are needed to
corroborate this interpretation and to
determine if the vascular species show a
similar trend as they diminish in number
to the north.



CHAPTER VI

SUCCESSION

This chapter has two purposes. The
first is to describe a series of four geo-
morphic classesof pingos and to propose
that these represent a time series. The
second purpose is to analyze vegetation
and floristic patterns in relation to these
four classes in light of the three succes-
sion hypotheses outlined in Chapter 1.

Geomorphic Classes

Walker et al. (1985) first described
the broad-based mounds that are abun-
danton the gently rolling thaw-lake plains
surfaces and hypothesized that they were
aformof pingo. Other possible explana-
tions for the origin of these mounds
include erosional surfaces and sand
dunes, but their almost perfectly round
shape in plan view makes both of these
explanations unlikely. They have sandy
gravel soils with up to 90% gravel, which
would be impossible in a dune. The
discovery of an ice core over 21 m thick
(Brockett 1982) in one of these features
is at least partial confirmation of their
correct classification as pingos. There
are three likely explanations for their
difference in shape compared to the steep-
sided types: 1) they are approximately
the same age as the steep-sided pingos,
but either because of some difference in

sediment type or mode of formation,
is at least partial confirmation ot their

correct classification as pingos. There
are three likely explanations for their
difference in shape compared tothe steep-
sided types: 1) they are approximately
the same age as the steep-sided pingos,
but either because of some difference in
sediment type or mode of formation,
they have taken adifferent shape, 2) they
are old steep-sided pingos that have
gained their broad shape from the com-
bined actions of mass-wasting and per-

like the steep-sided pingos. Until thereis
independent evidence based on dating of
sediment or carbon, the exact age of the
broad-based and steep-sided pingos will
remain a mystery. The existing evi-
dence, however, is almost all in support
of the last two hypotheses, that these are
older types, and these two hypotheses
are difficult to separate. If they are in
fact old, their former shape can only be
inferred from existing evidence. If an
intermediate type was found, however,
this would be indirect evidence in sup-
port of the second hypothesis.

The differences between the steep-
sided and broad-based types outlined by
Walker et al, (1985) must first be re-
viewed before any additional evidence
can be presented. They described these
pingos as having gentler slopes and
broader basal diameters, but not greater
or lesser heights than the steep-sided
types. Thus, they also have greater vol-
umes than the steep-sided types. As an
example, we can construct two average
pingos that each have height and diame-
ter equivalent to the regional mean for
that morphological type, and are each
shaped as a perfect spherical sector. The
volume of this average steep-sided pingo,
with a height of 4.1 m and a diameter of
72 m, is 8,400 m?, whereas that of a

broad-based pingo 5.0 mhigh and 242 m
pingos that each have height and diame-

ter equivalent to the regional mean for
that morphological type, and are each
shaped as a perfect spherical sector. The
volume of this average steep-sided pingo,
with a height of 4.1 m and a diameter of
72 m, is 8,400 m?, whereas that of a
broad-based pingo 5.0 m high and 242m
in diameteris 115,000 m®. Thisisovera
thirteen fold increase in volume. Addi-
tionally, broad-based pingos are re-
stricted to older surfaces and are gener-
ally not present in recognizable lake

The greater volume of the broad-
based pingos is not particularly relevant
to the question of their age, although
according to Mackay (1986) it would
take at least several thousand years to
reach this size. Their position on the
landscape, however, is pertinent. The
broad-based pingos are limited to the
gentlyrolling thaw-lake plains landscape
type, while the steep-sided pingos are
found on both thaw-lake plains surfaces.
This essentially rules out hypothesis one
proposed above, that the shape of the
broad-based types is due to a difference
in sediment type. If this were the case
there should be no steep-sided types
within the same geologic and geomor-
phic units as the broad-based types. The
relative densities of pingos on these two
surfaces also indicates a long period of
formation, Walker et al. (1985) calcu-
lated the total pingo density on the flat
thaw-lake plains to be 0.096 « km'2, while
on the gently-rolling thaw-lake plains it
is 0.286 « km?, or nearly three times as
great. Sixty percent of the pingos on the
gently rolling thaw-lake plains are broad-
based.

The modern surface peat layer began
to accumulate on both thaw-lake plains
surfaces approximately 8 ka, based on
radiocarbon dating at the peat-mineral
interface (Everett 1980a; Walker et al.
1981; Schell and Ziemann 1983; Wilson
1984). This 8,000 year date is thought to
represent the beginning of the current
thaw-lake cycle on both surfaces and

alsothelikely date when the Putuligayuk
surfaces approximately & ka, based on

radiocarbon dating at the peat-mineral
interface (Everett 1980a; Walker et al.
1981; Schell and Ziemann 1983; Wilson
1984). This 8,000 year date is thought to
represent the beginning of the current
thaw-lake cycle on both surfaces and
alsothelikely date when the Putuligayuk
River became restricted to its modemn
channel (Walker etal. 1985). The Brooks
Range glaciations, for which the Sa-
gavanirktok, Putuligayuk, and Kuparuk
rivers were outwash channels, were

initiation of pingo formation on the flat
thaw-lake plains (it is likely younger by
several thousand years, because at least
one thaw-lake cycle must be completed
before a pingo can form), and if we
presume that pingos have formed on the
two surfaces at the same rate, then the
estimated age for the oldest pingos on
the gently rolling thaw-lake plains would
be 23,800 years'. Itis very unlikely that
conditions have been so uniform. Con-
ditions during the Duvanny Yar interval
are believed to have been much drier,
with extensive loess and sand deposits
present (Black 1951; Carter 1981, 1983).
There was little or no peat formation, and
there is no evidence for lakes. Thus, it is
unlikely that pingos would have formed
at the same rate during the Duvanny Yar
as they have within the Holocene, if they
formed during this time at all. They
could have persisted, however, as it was
acold interval and would not have led to
melting of the ice cores. Walker et al.
(1985) hypothesized that the broad-based
pingos may have formed during the
Boutellier Interval (65 to 30ka, Hopkins
1982), which was an interglacial period
believed to be warmer and wetter than
the Duvanny Yar, but not as wet as the
Birch Interval 8 to 14 ka (the period
when the pollen record reflects an influx
of Betula pollen).

Walker et al. (1985) alsodescribed a
third type of pingo that they labeled
intermediate. This type has certain char-
acteristics of both the steep-sided and

broad-based forms. They are generally
Birch Interval 8 to 14 ka (the period

when the pollen record reflects an influx
of Betula pollen).

Walker et al. (1985) alsodescribed a
third type of pingo that they labeled
intermediate. This type has certain char-
acteristics of both the steep-sided and
broad-based forms. They are generally
very large pingos with relatively steep
and gravelly upper slopes, and with a

'This is based on the ratio of the densities of
the two types of pingos, multiplied times the
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Figure 89. Four morphological types representing a proposed time sequence.

Descriptions of the stages are in the text.

large colluvial apron around the base.
Like the broad-based pingos, intermedi-
ate types are generally not present within
recognizable lake basins, although in
several instances they are directly on the
edge of a basin, and it is difficult to
evaluate their exact relationship to the

large colluvial apron around the base.
Like the broad-based pingos, intermedi-
ate types are generally not present within
recognizable lake basins, although in
several instances they are directly on the
edge of a basin, and it is difficult to
evaluate their exact relationship to the
basin. Although Walker et al. (1985)
concluded that these did not represent a
valid category, a possible scheme for
development of these pingos is presented
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sized to represent a time-dependent
development sequence (Fig. 89). For
now, these are called morphological
classes rather than age classes. There is
likely overlapin the actual ages between
these categories, because the time re-
quired for a single pingo to progress

sized to represent a time-dependent
development sequence (Fig. 89). For
now, these are called morphological
classes rather than age classes. There is
likely overlap in the actual ages between
these categories, because the time re-
quired for a single pingo to progress
through these stages may vary.

Descriptions of the Stages

Qtase 1  TIn Stage 1 the ninoo 18

Figure 90. A stage I pingo, no. 39.

slopes are gentle (Fig. 90). Surface
sediments are silty organics that accu-
mulated before the lake drained, and
there is minimal or no soil development.
As these sediments are uplifted they
become stretched, and dilation cracks
form on the surface, radiating outward
from the center, although at Prudhoe
Bay these are small and fairly limited in
extent. The silty organics are underlain
by gravels. Plant cover becomes estab-
lished during this phase, but the time
required to achieve complete cover is
unknown. The characteristics used to
identify this stage were gentle slopes,
often obvious dilation cracks (although
these were generally well vegetated), no
extenf. Thé silty ofganics dre underiain
by gravels. Plant cover becomes estab-
lished during this phase, but the time
required to achieve complete cover is
unknown. The characteristics used to
identify this stage were gentle slopes,
often obvious dilation cracks (although
these were generally well vegetated), no
real developmentofice-wedge polygons
inthe surrounding lake basin (strangmoor
may be present), and little evidence of
soil development.

Two pingos were discovered in 1984

photography revealed that the lake
drained sometime between 1949 and
1968 (Fig.91). Theyrepresent amatched
pair that is useful for examination of the
very earliest stages of pingo growth and
formation, as the variability in their
geomorphic and ecological development
can be monitored. The 1949 photograph
(Fig. 92a) shows the lake in June. By
1968 (Fig. 92b) the two pingos are clearly
in place, and one has a clear pattern of
dilation cracks on its surface. In 1979
(Fig. 92¢) the outline of the pingos still
matches, but the dilation cracks are not
as well-defined. Vegetationcoverin the
surrounding lake basin was much more
extensive in 1979 than in 1968, and was
1968 (Fig.Y26) the two pifigos Are Cleatly
in place, and one has a clear pattern of
dilation cracks on its surface. In 1979
(Fig. 92¢) the outline of the pingos still
matches, but the dilation cracks are not
as well-defined. Vegetation coverin the
surrounding lake basin was much more
extensive in 1979 than in 1968, and was
dominated by Eriophorum angustifo-
lium, Puccinellia andersonii, and
Alopecurus alpinus. Examination of
these pingos in 1984 indicated that arctic
ground squirrels had colonized both sites,



Figure 91. One of two pingos thai formedin a drained lake basin after 1949 and prior
to 1968. This photograph was taken in 1984, and shows the south-facing slope. The
pingo is approximately 3 m high and 90 m in diameter.

the squirrels may be important agents in
the amelioration of these features on the
pingo surface.

Plant cover was also limited on the
pingos primarily to the small trough
formed by the surface cracking (Fig. 93).
Species were generally the same as those
presentin the drier areas of the surround-
ing basin (Table 48). Wind erosion is
significant during this extended period
with only minimal vegetation cover.

Stage 2. The next stage is character-
ized by continuing growth of the ice
core. Growth is primarily from the cen-
ter, which causes the slopes to steepen,

presentin the drier areas of the surround-
ing basin (Table 48). Wind erosion is
significant during this extended period
with only minimal vegetation cover.

Stage 2. The next stage is character-
ized by continuing growth of the ice
core. Growth is primarily from the cen-
ter, which causes the slopes to steepen,
up to 45° or more, although generally
ranging from 15° to 30° (Fig. 94). Mass
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zons begin to develop in more stable
areas, but they are limited in extent and
frequently disturbed. Vegetation cover
on the upper slopes may still be incom-
plete, and therefore there is likely to be
continued wind erosion, although at a
lesser level thanin Stage 1. The charac-
teristics used to identify this stage were
steep slopes, evidence of soil develop-
ment initiation (formation of secondary
carbonate accumulations was often an
indicator of this), evidence of mass
wasting, and the presence of fairly well-
defined ice-wedge polygon systems in
the surrounding basin. Stages 1 and 2
both fall within the steep-sided type of

teristics used to identify this stage were
steep slopes, evidence of soil develop-
ment initiation (formation of secondary
carbonate accumulations was often an
indicator of this), evidence of mass
wasting, and the presence of fairly well-
defined ice-wedge polygon systems in
the surrounding basin. Stages 1 and 2
both fall within the steep-sided type of
Walker et al. (1985).

Radiocarbon analysis of organic
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Figure 92 (a). Aerial photograph of a lake in June 1949. This lake, which is about
0.8 km across, drained sometime after 1949 and prior 10 1968. The white material

is ice.

possible age of 6585 + 110 years for this
pingo (Walker et al., unpubl.). This is
reasonable based on the degree of soil
development on this pingo. Further
analysis and dating of mineral sediments
are needed to corroborate this date, but it
is presented here as it may represent the
first reliable radiocarbon date from a
pingo in this region.

possible age of 6585 £ 110 years for this
pingo (Walker et al., unpubl.). This is
reasonable based on the degree of soil
development on this pingo. Further
analysis and dating of mineral sediments
are needed to corroborate this date, but it
is presented here as it may represent the
first reliable radiocarbon date from a
pingo in this region.

Stage 3. In the third stage, the origi-

ing a gravel surface (Fig. 96). The upper
slopes are mostly snow free all winter,
and intense winds act in combination
with the mass wasting to produce this
stage. What is not blown away is rede-
posited as a colluvial apron that extends
around the pingo base. This stage is
equivalent to the intermediate type of
Walker et al (1985)

ing a gravel surface (Fig. 96). The upper
slopes are mostly snow free all winter,
and intense winds act in combination
with the mass wasting to produce this
stage. What is not blown away is rede-
posited as a colluvial apron that extends
around the pingo base. This stage is
equivalent to the intermediate type of
Walker et al. (1985).

An important characteristic of these
pingos that is necessary to make the link



Figure 92 (b). The same basin in 1908, an unknown period of time following
drainage. The two pingos are indicated by arrows. The faint radiating lines on the
pingos are dilation cracks. The lake drained through the breach in the upper right
corner of the photograph.

any other stage. Walker et al. (1985)
reported that the intermediate type was
significantly taller than either the steep-
sided or broad-based type, which did not
have significantly different mean heights.
We can envision a scenario where the
stage 2 (steen-sided) nineos continne to

any other stage. Walker et al. (1985)
reported that the intermediate type was
significantly taller than either the steep-
sided or broad-based type, which did not
have significantly different mean heights,
We can envision a scenario where the
stage 2 (steep-sided) pingos continue to
grow, very slowly, while permafrost
continues to aggrade in the surrounding
basin. Once the gravelly slopesdevelop,
they rcmaln relatively stable. The lake
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between the steep-sided (stage 2) and
broad-based (stage 4) type.

Soil characteristics develop during
this relatively long and stable period.
‘There is development of structure, B
horizons with characteristic accumula-
tions of carbonate. silt. or both. and red

between the steep-sided (stage 2) and
broad-based (stage 4) type.

Soil characteristics develop during
this relatively long and stable period.
‘There is development of structure, B
horizons with characteristic accumula-
tions of carbonate, silt, or both, and red
color due to oxidation. Organics on the
upper surfaces are primarily those left
from the original lake sediments that
have been incorporated into the gravels
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Figure 92 (c). The basin in 1979. The dilation cracks are less evident. here.

this stage may be as much as two meters.
The main characteristics used to identify
this stage were the presence of an exten-
sive colluvial apron around the pingo
base, with a well-defined break in slope
between this feature and the upper slope
area, well-developed soils, a gravel
pavement on the shoulder and upper
backslope areas. and ageregations of ice-
The main characteristics used to identify
this stage were the presence of an exten-
sive colluvial apron around the pingo
base, with a well-defined break in slope
between this feature and the upper slope
area, well-developed soils, a gravel
pavement on the shoulder and upper
backslope areas, and aggregations of ice-
wedge polygons in the surrounding ba-
sin into small pond complexes.

Stage 4. In Stage 4, which s equ1va-
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formed the ice core, and the break be-
tween the colluvial apron and upper
slopes is less noticeable than in Stage 3
(Fig. 97). A layer of in situ organics
forms on the surface, and the decreased
slopes lead to a decrease in surface tem-
perature and further build-up of peat.
These organic horizons begin to form
undermatsof dwarf shrubs suchas Drves
tween the colluvial apron and upper
slopes is less noticeable than in Stage 3
(Fig. 97). A layer of in situ organics
forms on the surface, and the decreased
slopes lead to a decrease in surface tem-
perature and further build-up of peat.
These organic horizons begin to form
under mats of dwarf shrubs such as Dryas
integrifolia and Salix rotundifolia.
Rhytidium rugosum, Thuidium abi-
etinum, and Tomenthypnum nitens colo-
mze these patches further mcreasmg the



Figure 93. Puccinellia andersonii growing alongside dilation cracks ona small pingo

that formed between 1949 and 1968.

Table 48. List of species present on two pingos that formed between 1949 and 1968.
All species were at one site; an asterisk marks those that were at both sites.

Alopecurus alpinus
Arctagrostis latifolia
Braya glabella*
Cerastium beeringianum
Cochlearia officinalis*
Deschampsia caespitosa*
Draba sp.
.Equisetum arvense
Equisetum scirpoides
Festuca baffinensis

Festuca rubra
Melandrium affine

Poa arctica
Polygonum vivparum
Puccinellia andersonii*
Salix ovalifolia
Stellaria longipes
Trisetum spicatum
Bryum sp.

Cochlearia officinalis*
Deschampsia caespitosa*
Draba sp.
_Equisetum arvense
Equisetum scirpoides
Festuca baffinensis

Puccinellia andersonii*
Salix ovalifolia
Stellaria longipes
Trisetum spicatum
Bryum sp.

surrounding gravels, as little as 15-20
cm. The combination of increased soil
organics, decreased depth of thaw, and

colonization by more mesic species. This
type is characterized by the gentle slopes
and gradual change between the collu-

Figure 94. A stage 2 pingo, pingo no. 10.
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Figure 95. A small scarp on a stage 2 pingo caused by a small landslip.




Figure 96. A stage 3 pingo in the Toolik River area (pingo no. 7). This pingo was
called "Toolik Pingo” by Koranda (1970).

Figure 97. A stage 4 pingo in the Kuparuk area (no.24).

surrounding the pingo. Soils are very
well-developed, and have thick A hori-
zons that appear to have formed in situ,
similar to those in Fig. 26.

Vegetation Succession

Three succession hypotheses were
presented in Chapter 1: (1) because the
pingos are in equivalent substrates, envi-
ronmental gradients will be the same on
different pingos, and since vegetation is
highly dependent on environmental
conditions, there will be a change over
time toward a characteristic pingo flora,
(2) because initial community composi-
tion is a function of chance events, the
relationship between species composi-
tion and site characteristics or environ-
mental factors is stronger in older pingos
compared to younger pingos, and (3)
species diversity on cold sites (microsites
1 and 7) will rise more slowly and main-
tain a lower level than will diversity in
warm sites (microsites 2 and 6), which
will rise rapidly and maintain a high
level, because there is a smaller pool of
species capable of colonizing the cold
sites. These hypotheses are all based on
previous work and current ideas and
models of succession. Only the third
hypothesis is specific to arctic regions,
butit would apply in any situation where
the potential pool of colonizers is dimin-
ished. In thiscase there are fewer species
on the cold sites because at this latitude
many species are limited by cold tem-

norativas . and Fazcon none, hictwanre
hypothesis is specific to arctic regions,
but it would apply in any situation where
the potential pool of colonizers is dimin-
ished. In thiscase there are fewer species
on the cold sites because at this latitude
many species are limited by cold tem-
peratures and few or none by warm
temperatures.

Convergence (Hypothesis 1)

This hypothesis was tested by com-
paring the amount of floristic variation
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classes. Floristic variation between two
pingos was measured as the euclidean
distance between them in the ordination
based on the entire pingo flora. Within
each class, mean euclidean distance for
each pingo and all other pingos was
calculated, as was mean euclidean dis-
tance between each pingo and all other
pingos within the same morphological
class. A value for the entire class was
calculated as the mean of all pingos
within that class. If the hypothesis is
correct, then the pingos within morpho-
logical class 4 should have the least
amount of floristic variation. That is, the
averageeuclideandistance between them
should be the least.

The floras of pingos within morpho-
logical class 4 are more similar than
within the first three classes (based on
the Duncan multiple range test, p <.05),
supporting the hypothesis that there is
convergence toward a characteristic
pingo flora (Fig. 98). Over the first three
classes, however, it diverges, and this
divergence is consistent for the vascular
and cryptogam species. The three bar-
graphs on the left side of Figure 98
compare the average cuclidean distance
between all pingos within amorphologi-
cal class and allother pingosin the study,
and on the right hand side, the height of
the bar represents average euclidean
distance between each pingo in a mor-
phological class and all other pingos
within that class. Class 4 shows less

variation than class 1.
e Boohobiha osinmneitapes acwsalrano

and on the right hand side, the height of
the bar represents average euclidean
distance between each pingo in a mor-
phological class and all other pingos
within that class. Class 4 shows less
variation than class 1.

Each of the microsites was analyzed
individually using the ordinations based
on the individual microsites. Each of the
seven microsites shows a different trend
across the four morphological classes
(Fig. 99). Four of the microsites, the
summit, middle snowbank, lower snow-
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decrease in morphological class 4 (based
on the Duncan multiple range test, p <
.05), but none of these mirror the overall
trend fordivergencein classes 1 through
3 followed by convergence in class 4.
The WSW side shows no significant
differences in any class, and the ENE
slope and N slope show some differ-
encesin the first 3 classes, but of arather
low magnitude.

Dependence on Site Factors
(Hypothesis 2)

An assumption of this hypothesis
that has not been explicitly stated in the
literature is that the communities present
during different successional stages are
all controlled by the same complex envi-
ronmental gradients. As demonstrated
in Chapter 4, each of the microsites has
a somewhat different set of environ-
mental gradients associated with it
Individual ordinations were done oneach
of the morphological classes to deter-
mine if the same set of gradients was
associated with the various classes.
Although the variables correlating with
the first ordination axis do differ be-
tween the classes, the first three vari-
ables are the same in all cases, snow,
moisture, and exposure to winds (Table
49). Thus, it appears that this is a valid
assumption in this case. The strength of
the correlations was not significantly
different, and so these data do not sup-
port the hypothesis. Class 1 actually has

the most variables correlated with it, and
aplies are [ne S4Mme 1n dll C4ses, SNow,

moisture, and exposure to winds (Table
49). Thus, it appears that this is a valid
assumption in this case. The strength of
the correlations was not significantly
different, and so these data do not sup-
port the hypothesis. Class 1 actually has
the most variables correlated with it, and
class 4 the least. This is the opposite of
what is expected should the hypothesis
be correct.

Standard bivariate correlations with
the ordmatlon axes are not really ade-

e o Ve Mo PO U T

There are four axes, each of which may
have some ecological significance. Also,
the mere number of variables correlated
with a single axis is only a very crude
estimate of dependence on site factors.
To avoid this problem, canonical corre-
lation analysis was done between the
four ordination axes and all environ-
mental variables simultaneously. This is
a measure of the variation in all of the
dependent variables (ordination scores)
that is explained by the independent
variables (environmental factors) as a
group (Horst 1961). The results of this
analysisindicate that the ve getation pat-
terns within all of the morphological
classes are highly correlated with envi-
ronmental variables (Table 50). Thus,
the hypothesis is not supported by these
data.

Diversity (Hypothesis 3)

The number of species present at
each of the microsites shows no signifi-
cant changes over the four morphologi-
cal classes in any case (Fig. 100). The
north slope and ENE side have the low-
est number of species, and the middle
snowbank area the highest number.
Differences between total species on a
pingo foreach morphological class could
not be tested, because the classes are not
independent of area, and number of
species is closely tied to pingo area.
Application of the Shannon index to
these data also results in no significant

differences am “/%thc four morpholo 1-
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pingoforeach morphological class cou]‘d
not be tested, because the classes are not
independent of area, and number of
species is closely tied to pingo area.
Application of the Shannon index to
these data also results in no significant
differences among the four morphologi-
cal classes for any of the seven mi-
crosites (Fig. 101). Thus, the diversity
within each of the microsites appears to
be equivalent for all morphological
classes.

Table 49. Variables that correlate with the first ordination axis within the individual
morphological class ordinations, listed in order of the relative strength of the
correlation. Variables at the top have p <.001, those below the first line have p <.01,
and those below the second line have p <.05.

Class 1 Class 2 Class 3 Class 4
Snow (-) Snow (-) Exposure (-) Moisture
Moisture (-) Moisture (-) Moisture (-) Snow
Exposure Exposure Snow Exposure (-)
Squirrel Lemming (-) Lemming

Stability Thaw depth Microrelief Stability (-)
Lemming (-) Squirrel Squirrel Lemming
Bird Microrelief (-) Cryoturbation (-)
pH Stability Fox (-)

Fox

Slope

Caribou (-)

Microrelief (-)

Table 50. The first two canonical correlations between ordination axes and
environmental variables.

Canonical Percent of
Morphological Correlation Variance
Class Function Explained Significance
1 | 72 .000
2 46 .000
o] 1 70 NNAN
Canonical Percent of
Morphological Correlation Variance
Class Function Explained Significance
1 I 72 .000
2 46 000
2 1 78 .000
2 37 .008
3 1 90 .000
2 37 .057
4 1 81 .000
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Figure 102. Percentage of restricted species on south slopes within each morpho-
logical class. Chi-square isfrom Kruskal-Wallis test; error bars represent the 95%

confidence interval,

Distribution of Restricted Species

Importance of restricted species on
south slopes is highest in class 3 (Fig.
102). There are some of these species
present even on the class 1 pingos, and
they increase in importance from class 1
to class 3. Class 4, which is the oldest,
has on the average less of these species
than either class 2 or class 3. If the class
4 pingos are in fact older, and if these
species are relict, they have likely sur-
vived through continual recolonization
of new sites, which was proposed in
Chapter V.

Discussion and Conclusions

Given the evidence for convergence
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of new sites, which was proposed in
Chapter V.

Discussion and Conclusions

Given the evidence for convergence
of the pingo floras in class 4, it is logical
to next ask which successional model
best fits this situation. Connell and
Slatyer (1977) summarized the three
primary models of succession that have
appearedin theliterature. The firstmodel
is the facilitation model, which is based

on the idea that modification of the envi-
ronment by early colonizers allows colo-
nization by other species, which may in
turn moedify the environment for still
later stages. The eventual climax com-
munity consists of species that are better
competitors than the early colonizers.
This model s essentially the original one
proposed by Clements (1916), and most
primary succession is related to this
model. Egler (1954) termed this relay
floristics.

The second model has been called
the tolerance model, and in this model
modification of the environment by early
colonizers neitherincreases nor decreases
the ability of other species to colonize

.the site. All species that disperse to the

site are presumed capable of colonizing
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the tolerance model, and in this model
modification of the environment by early
colonizersneitherincreases nor decreases
the ability of other species to colonize

.the site. All species that disperse to the

site are presumed capable of colonizing
it. The species thateventually persistare
those able to tolerate the modified envi-
ronment. The finalmodelisthe inhibition
model, which is similar to the tolerance
model, but in this case early colonizers
modify the environment in such a way
that late-arriving species are inhibited

from invading it. Both the tolerance and
inhibition models have the ultimate out-
come of succession heavily dependent
on what species randomly or otherwise
initially colonize the site, and were called
the initialfloristic composition model by
Egler (1954). Robinson and Dickerson’s
(1987) experiments with phytoplankton
invasion are examples of these last two
models.

The data from this study appear to fit
the facilitation model most closely, as
the evidence for convergence in class 4
indicates that in spite of the large vari-
ation among the class 3 pingos, the ulti-
mate community will be a mesic tundra
similar tomostupland sites on the Coastal
Plain. There is some evidence for facili-
tation processes, in that the deep, or-
ganic-rich soils that eventually form on
these sites are directly related to the
colonization by dwarf shrubs, primarily
Dryas integrifolia. The status of these
classesisuncertain, however, and within
classes 1 to 3 there is a divergence, and
no evidence for facilitation. Until fur-
ther confirmation is obtained that these
morphological stages represent an ac-
tual time sequence, this conclusion will
remain tentative. For now, the conclu-
sion is based on the presumption that the
class 4 pingos did in fact evolve from the
earlier stages.

Is this really facilitation as proposed
in the model, however? Although this is
considered a succession study, itison a
time scale much different from other

enrraccinnal etndiae  whirh oenerally

class4 pingos did in fact evolve from the
earlier stages.

Is this really facilitation as proposed
in the model, however? Although this is
considered a succession study, itison a
time scale much different from other
successional studies, which generally
examine structure within the first several
hundred years. Vegetation changes on
pingos are directly related to geomor-
phic processes, witha time scale thatisin
the thousands or perhaps even tens of
thousands of years. The processes in-

volved in transforming a barren pingo to
a fully vegetated pingo with well-de-
fined plant communities on it, which
takes an unknown amount of time, would
be comparable to most other studies of
succession. On the other hand, this is a
cold-climate system, and arctic plants
are long-lived perennials. Few succes-
sional studies have examined time scales
as long as these, but the outcome of
succession (asinterpreted from data, and
not necessarily in reality) is highly de-
pendent on the time scale examined.
This problem has plagued interpretation
of successional studies and led many
investigators to conclude that the climax
concept is not valid at all, as eventually
there will be a geologic/climatic event
that changes the regional climatic cli-
magx, and that given alongenough period
of time no system is stable. The long
time scale of this study could partially
explain why the second and third hy-
potheses, regarding environmental cor-
relations and diversity, were not sup-
ported by these data. These questions,
particularly the diversity one, deal with
the earliest successional stages. Diver-
sity increases rapidly compared to the
geomorphicchanges thatultimately drive
this system.

The importance of appropriate time
and space scales have not generally been
addressed in most succession studies.
Thereare basically twoschoolsof thought .
that have been recognized, the popula-
tion process school and the community

nrocecce erhnnl Fyamnlec af nannlatinn
The importance of appropriate time

and space scales have not generally been
addressed in most succession studies.
There are basically twoschoolsof thought .
that have been recognized, the popula-
tion process school and the community
process school. Examples of population
process models include Egler (1954),
Margalef (1963, 1968), Connell and
Slatyer (1977), Peet and Christensen
(1980), Tilman (1985, 1986), and Car-
gill and Chapin (1987). Community
process examples include Clements



(1916), Robinson and Dickerson (1987),
and Svoboda and Henry (1987). Thereis
also a third category, however, based on
succession as a geomorphic process.
Geomorphic models may include ele-
ments from all other models, and often
include both linear and cyclic processes.
There are fewer examples of this in the
literature, as it is mainly limited to dy-
namic environments where geomorphic
processescycle onarelatively short time
scale. Examples of geomorphic succes-
sioninclude Billings and Peterson (1980)
and Sterling et al. (1984). Studies re-
lated to effects of chronic animal distur-
bance might also fall in this category
(Price 1971; Fox 1985; Smith and Gard-
ner 1985). Dansereau (1954) noted that
in cold environments, allogenic proc-
esses dominate the control of succes-
sion. Webber (1978) and Billings and
Peterson (1980) demonstrated this on
the Arctic Coastal Plain, particularly in
relation to the thaw-lake cycle. In this
geomorphically dynamic environment,
processes of ice-wedge polygon devel-
opment, thermokarst, cryoturbation, and
other permafrost-related processes pro-
hibit long-term stability as it is under-
stood in most environments. The pingos
are a part of the thaw-lake cycle, but the
processes driving the succession on pin-
gos, development of slopes and soils and
the subsequent mass-wasting of these
slopes and accumulation of peat in soils,
are more analogous to the building and
erosion of mountains than to the ther-
mokarst-related nrocesses an the(Caacta)
processes driving the succession on pin-
gos, development of slopes and soils and
the subsequent mass-wasting of these
slopes and accumulation of peat in soils,
are more analogous to the building and
erosion of mountains than to the ther-
mokarst-related processes on the Coastal
Plain. Nevertheless, the result is again
the dominance of allogenic over auto-
genic controls.

The pingos are an example of a
geomorphically driven system that in-
cludes elements of both the facilitation

the north slopes of the pingos, there is
evidence for the tolerance model. It is
somewhat modified from Connell and
Slatyer’s original model, however, be-
cause in this case not all species are
capable of colonizing these sites. Colo-
nizers on the north slopes will be those
species able to withstand the extreme
conditions at these sites and to persist.
Svoboda and Henry (1987) have stated
that in the High Arctic most environ-
ments fit this tolerance model. This is
the autosuccession of Muller (1952),
where the colonizing species remain as
the climax community. The environ-
mental resistance is much greater than
the driving force of most species. Figure
103 is a generalization of the data from
Figure 100. The warm sites are the south
slopes and summiits; the cold sites are the
north slopes and ENE sides. Therelative
amount of floristic variation in these
cold sites supports the idea that there are
fewer speciescapable of colonizing these
sites, and that change is slow and mini-
mal there. The warm sites, however,
have much higherfloristic variation than
the cold sites at all stages, and a rapid
increase in variation in the earlier stages.
Thus, succession on the warm sites ap-
pears_to follow the facilitation model,
while on the cold sites it follows the
tolerance model. The overall system,
however, is driven geomorphically, and
the drop in variation in the class 4 pingos
is due to the decreased slopes present in
thatstage, which would lead to decreased
geonnd sudace temneratures. . oo s
while on the cold sites it follows the
tolerance model. The overall system,
however, is driven geomorphically, and
the drop in variation in the class 4 pingos
is due to the decreased slopes present in
thatstage, which would lead to decreased
ground surface temperatures.

Relation to the Steppe-Tundra
Question

The data presented in this chapter
further supportthe evidence presented in

warm sies

Cold sites

Floristic Variation

Time ——

Figure 103. Generalization of the data in Fig. 99. "Warm sites’ are the summits and
south slopes; ‘cold sites’ are the north slopes and ENE sides.

Yar period, or even earlier. If this is the
case, then at least some pingos had to be
present in the region during that time,
and there is rather abundant evidence
this was the case. Itis not necessary that
any given pingo has persisted this long,
however. The relict species could have
persisted by continual colonization of
new sites as they became available.
Webber (unpubl.) differentiated regional
and stationary persistence. Populations
can escape habitats that are unstable in
space or time (Wiens 1976; Pickett and
White 1985), provided that other appro-
priate habitats are available and that a
species is able to disperse to and colo-
nize these habitats. A population can
persist regionally through a climatic
change in two ways: (1) by being persis-
tent at a given site (stationary persis-
tence), or (2) by continually escaping
into new sites (regional persistence). In
the first case, the population or commu-
nize ‘nese€ naofiats. T A population ¢an
persist regionally through a climatic
change in two ways: (1) by being persis-
tent at a given site (stationary persis-
tence), or (2) by continually escaping
into new sites (regional persistence). In
the first case, the population or commu-
nity is truly relict. These communities
are perched on the brink of extinction;
they cannot be replaced because they are
dependent on previous climatic condi-
tions for successful colonization. In the
second case, the population or commu-
nity, although it may be limited to spe-

sites that have the appropriate environ-
mental and microclimatic conditions.
These communities are here called
remnant, todistinguish them from a truly
relict communities, as defined above. In
this sense, the pingos may have been a
type of nunatak (Ives 1974) on the coastal
plain.

Examination of the importance of
restricted taxa on the south slopes be-
tween the morphological classes (see
Fig. 102) supports this idea of remnant
species that are regionally but not neces-
sarily locally persistent, Theserestricted
species are primarily arctic-alpine, zone
3 and 4. They are primarily adapted to
warm, alpine-like sites, probably with
fairly minimal snow cover. The class 3
pingos have the best examples of these
habitats. Thus, these species have likely
persisted by continually recolonizing new
habitats as they became available. They
are remnants of a former flora that was
warm, alpine-like sites, probably with
fairly minimal snow cover. The class 3
pingos have the best examples of these
habitats. Thus, these species have likely
persisted by continually recolonizing new
habitats as they became available. They
are remnants of a former flora that was
probably more widespread, but are not
relict in the strict sense of the word.
These data suggest that most of these
species will persist in this region as long
as there are warm, gravelly, snow-free
sites available, thatis,aslongas there are
pingos in the class 2 and 3 staees.



CHAPTER VYII

FINAL DISCUSSION AND CONCLUSIONS

Summary

The vegetation of the northern Alaska
pingos contains several elements unique
to these sites. The region studied here
covered a transect from the Prudhoe Bay
region, with its High Arctic character,
south onto the more central portion of
the Arctic Coastal Plain, and thus incor-
porates elements of the vegetation from
both areas. The pingos, with their warm
south slopes and cold north slopes, often
have mixturesof bothelementsat a single
site.

The abundance of Dryas integrifolia
in pingo vegetation is a link to the Arctic
generally. Each of the three major envi-
ronments on the pingos (cold, snow-free
sites; warm, snow-free sites; and snow-
beds) has a relationship to different re-
gions and environments outside the pin-
gos. The snowbed. sites in particular are
very similarto arctic and alpine snowbed
types throughout much of the Arctic.
The cold, snow-free sites on pingos are
somewhat analogous both to alpine fell-
fields and to gravelly high arctic areas.
The communities on these snow-free
pingo sites, which are dominated by
Dryas integrifolia and Oxytropis nigres-
cens, also occur elsewhere on exposed,
calcareous areas of the Alaskan coastal
fields and to gravelly high arctic areas.
The communities on these snow-free
pingo sites, which are dominated by
Dryas integrifolia and Oxytropis nigres-
cens, also occur elsewhere on exposed,
calcareous areas of the Alaskan coastal
plain. Nevertheless, they are character-
istic of pingos. The south slopes and
summits of pingos havea great variety of
vegetation, including types related to
both alpine and steppe tundra.

The snow and temperature data indi-
cate that the pingos have rather steep
environmental gradients, and the corre-

lations of the ordinations with the vari-
ous environmental variables substanti-
ate these high rates of spatial change.
Differences in regional temperature,
equivalent latitude, snow cover, and
exposure to winds are predominant fac-
tors correlating with vegetation. Within
each microsite, however, there is a dif-
ferent set of factors that is most impor-
tant, including animal activity, stability,
and moisture. Observations of animal
use demonstrate that these are important
habitats for many species of wildlife.

The majority of plant species found
on pingos are circumpolar, zone 2, arc-
tic-alpine, but within the group of 35
species restricted regionally primarily to
pingos there are more zone 3 and 4,
North American-Asian species. Al-
though for the entire flora the pingos do
not seem to function as biogeographic
islands, they do for these restricted spe-
cies. These restricted species appear to
be remnants from a Beringian flora that
was once more widespread and is now
confined mainly to these sites. The re-
stricted speciesdo not show a correlation
with distance to rivers, which would be
logical sites for modern dispersal.

Four morphological classes of pin-
gos were described that represent an

-extension of the twoclasses proposed by

stricted speciesdo not show a correlation
with distance to rivers, which would be
logical sites for modern dispersal.

Four morphological classes of pin-
gos were described that represent an

-extension of the two classes proposed by

Walker et al, (1985). There is indirect
evidence that these can be arranged in a
time sequence. The distribution of the
restricted species between the four mor-
phologicalclasses suggests thatrestricted
species are not relict but are actively
colonizing new sites. There is an in-
crease in their abundance from class 1

(youngest) to class 3 and then a decrease
inclass 4 (oldest). Using these classes as
abasis for a successional study, the pingo
flora becomes increasingly variable over
the first three stages, and then converges
instage 4. There is no detectable change
inspecies diversity in any microsite over
the four stages, and at all stages vegeta-
tion is highly correlated with environ-
ment.

Significance of the Study

This study has significance on two
levels, The first level is simply what the
vegetation of pingos indicates about this
region, and about pingos themselves.
The second level relates to the pingos as
a natural ecological experiment. Be-
cause they are such ideal sites on which
to study development of vegetation and
soils, more generalized ecological hy-
potheses can be developed and tested
with the types of data collected here.
This study tested four hypotheses and
generated several others,

Three factors are most important in
characterizing these pingos and their
vegetation: (1) their steep environmental
gradients, (2) theirsteep, gravelly, south-
facing slopes, and (3) their potential
longevity. There are large numbers of
gradients that can be related to pingo
vegetation, and the various microsites
and plant communities differ in their
relationships to the gradients. Across
much of the coastal plain gradients and
longevity. There are large numbers of
gradients that can be related to pingo
vegetation, and the various microsites
and plant communities differ in their
relationships to the gradients. Across
much of the coastal plain gradients and
vegetation change are subtle, and there
are vast areas with similar, rather mo-
notonous vegetation. The pingos con-
trast sharply with their surroundings, and
alsohave rather dramatic changes within
them, from the fellfield-like north slopes
to the south slopes covered by grasses
and brightly colored flowers. It is this

aspect of the pingo vegetation that has
been most noticed in the past (Koranda
1970, Walker 1985a).

Beyond this diversity of habitats,
however, is another character which sets
the pingos out as distinct, and this is their
steep, gravelly, south-facing slopes.
There are no analogs to these sites else-
where on the coastal plain, and this is
where most of the rare species and
communities are found. The presence of
these warm, well-drained sites, combined
with the potential longevity of the pingos
and a calcareous substrate, as well as
abundant modern loess, sets the pingos
up as the ideal sites on which to look for
remnant vegetation from the Duvanny
Yarand perhapseven earlier imes, when
the regional climate was considered to
be colder and drier, and when substantial
loess deposits (Hopkins 1982) covered
much of the coastal plain, Walker(1985a)
has suggested that the sand dunes pres-
ent in the Prudhoe Bay region today are
a likely analog to the more extensive
dune fields present in northern Alaska
during the Duvanny Yar. The pingos are
likely another analog, probably more
related to sandy and gravelly areas in
uplands.

It is not necessary to show a direct
connection to the Duvanny Yar vegeta-
tion in order for the pingos to be valuable
analogs to this period. It is enough to
show that the conditions on the pingos
today are likely very similar to condi-
tions that were more widespread during
connection to the Duvanny Yar vegeta-
tionin order for the pingos to be valuable
analogs to this period. It is enough to
show that the conditions on the pin;gos
today are likely very similar to condi-
tions that were more widespread during
that period, and then use the pingos to
speculate on what the region might have
looked like at that time. The steppe-
tundra assemblages present on the pin-
gos today are limited to the south slopes.
They may also be found occasionally on
summiits, where they are in close asso-
ciation with animal dens or burrows.



The steppe-like soils, Pergelic Cryobor-
olls, are often also found on north slopes.

Why are these steppe-tundra assem-
blages found on the warmest sites today,
when the general consensus is that the
full glacial climate was colder than at
present? Although the mean annual
temperature probably was colder, these
data suggest that the climate, at least
within the regionof this study, was proba-
bly also more continental. The coast was
further to the north, due to lowered sea
level, sothe regional climate would have
been more continental. A number of
climate models support this idea of in-
creased continentality throughout Ber-
ingia (Sergin and Shcheglova 1976; Barry
1982). Thus, summer temperaturescould
actually have been higher than they are
today. It is summer temperature that
limits plant distribution in the Arctie, not
mean annual temperature (Young 1971).
Barry (1982) stressed the importance of
regional and microclimate variation in
the reconstruction of paleoclimates. The
temperaturedata presented here, although
limited in extent, are some of the only
data available for these effects in north-
e Alaska today, and demonstrate the
magnitude of surface temperature dif-
ferences for sites with equivalent lati-
tudes of 40° and 80°N.

The final aspect that sets the pingos
apart is their potential longevity. This
longevity sets them apart not only from
most of the coastal plain, which is a
dynamic surface thatis continually being
rerences 10r siles Wi SJuivaicin tdu
tudes of 40° and 80°N.

The final aspect that sets the pingos
apart is their potential longevity, This
longevity sets them apart not only from
most of the coastal plain, which is a
dynamic surface thatis continually being
reworked by the thaw-lake cycle, but
also from pingos described from other
areas of the world. The general model of
pingo growth that has been developed in
the literature is based primarily on
Mackay’s (1979 and others) work in the
Tuktoyaktuk Peninsula of northwest

Canada. In this model, the pingo core
eventually melts and collapses, leaving a
circular lake. There are no known ex-
amples of collapsed pingos in the region
covered by this study. On the
Tuktoyaktuk Peninsula, approximately
3.5% of the pingos are collapsed (Stager
1956). The reason for the apparent sta-
bility of the Prudhoe Bay pingos is un-
known, although itis probably related to
avariety of circumstances. Walkeretal.
(1985) atibuted the difference to the
colder temperatures at Prudhoe Bay (as
compared to Tuktoyaktuk) and to the
presence of gravels as the uppermost
sediments at Prudhoe Bay. Another
important difference between these two
areas is that Tuktoyaktuk was glaciated
at some time during the Pleistocene,
whereas none of the areas covered by
this study were (the flat thaw-lake plains
were presumably large floodplains where
pingos could not have formed). The
gently-rolling thaw-lake plains were
probably relatively stable atleast through-
out the latter part of the Pleistocene, and
so there could have been pingos present
in this region throughout this entire pe-
ried. The species now regionally re-
stricted to pingos could have survived by
continually recolonizing new pingos as
they formed. There are probably few
other regions in the arctic that were not
ice-covered and that have had stable
sites that were present throughout this
time.

Tottemadity ewruncing v pasgys wo
they formed. There are probably few
other regions in the arctic that were not
ice-covered and that have had stable
sites that were present throughout this
time.

Future Studies

Additional studies would help to
confirm or deny many of the ideas pre-
sented here. There is a definite need for
firm dates of the pingos. Thisis particu-
larly true for the broad-based group,

which is hypothesized to represent an
old form. Several of the hypotheses
concerning biological equilibria along
north-south gradients could be tested by
examining pingos from other parts of the
world. Pingos could be used to examine
the effects of gradients on vegetation in
other Arctic areas. There are few other
opportunities to make these types of
comparisons with such good control over
otherdifferences, suchassubstrate, There
is also a need for more extensive collec-
tion and analysis of microclimatic data
from these pingos. Just how different 1s
the climate on the south-facing slopes?
Of particular interest would be the an-
nual temperature and moisture regimes
in the present-day steppe assemblages.
A worldwide survey of pingos would
help determine the uniqueness of these
central Arctic Coastal Plain pingos.

Importance to Regional Diversity

“This being the only living world we
are ever likely to know, let us join to
make the most of it.” So stated E.O.
Wilson (1985, p. 705) in a BioScience
article on “The Biological Diversity
Crisis”, in which he made a plea for a
complete cataloging of the world’s spe-
cies. The preservation of biological
diversity has, in recent years, come to
light as an environmental issue of inter-
national importance and consequence,
and has been called “humankind’s most
fundamental problem” (Congressman
CGuis NXalran. auqted, in Wenzel J1QRJD
cies. The preservation of biological
diversity has, in recent years, come to
light as an environmental issue of inter-
national importance and consequence,
and has been called “humankind’s most
fundamental problem” (Congressman
Gus Yalron, quoted in Wenzel [1985)).
This dissertation has been an attempt to
describe and understand the floristic
diversity of one landform that covers
lessthan 0.1% of the regional landscape,
and only a minuscule portion of the
world’s arctic landscapes as a whole.

The faunal diversity of the pingos has
never been studied, and invertebrate
species in particular remain unknown
and uncataloged. Do the pingos have a
particular significance in terms of re-
gional or global diversity?

There are basically two approaches
to managing and maintaining diversity.
One is essentially a single-species, crisis
approach, where attempts are made to
protect sufficient habitat to prevent the
ultimate destruction of some species.
Examples include the grizzly bear in
Yellowstone National Park, the whoop-
ing crane, and the black-footed ferret.
These approaches may take rather stag-
gering amounts of energy and money,
and this approach is impractical over the
long run. As more and more habitat is
destroyed or permanently altered, the
number of crises increases until there
cannot possibly be enough resources to
fight them, and it is now becoming clear
that in many cases we have already
reached this threshold.

The other approach to maintenance
of diversity, which has been more re-
cently heralded, istoisto preserve whole
ecosystems (e.g. Ehrlich and Mooney
1983). Even this approach, however,
has been recognized as often leading to
fragmented pieces that were originally
interconnected and functioned as a unit
(Harris 1984). It is now becoming rec-
ognized that we must really save all of
the pieces; that is, we must look at how

the entire landscape and even the entire
nlahe Binetinne (Nacs 1QR2:. Slabodkio

fragmented pieces that were originally
interconnected and functioned as a unit
(Harris 1984). It is now becoming rec-
ognized that we must really save all of
the pieces; that is, we must look at how
the entire Jandscape and even the entire
globe functions (Noss 1983; Slobodkin
1984). The International Geosphere/
Biosphere Program (IGBP) will be a
majoreffort to examine processes on this
scale (Eddy etal. 1986). Processes at the
level of landscapes have proven difficult
to study using what Naveh (1987) has



called normal science. Much of the
value in preserving landscapes is elu-
sive. The science of biocybernetics
focuses on positive feedback loops be-
tween humans and the landscape (Naveh
1982), with the basic idea that only by
taking care of the landscape can we
continue to benefit from it.

The pingos are an opportunity to put
into practice in the Arctic the knowledge
that has been gained in other areas. The
difference between the crisis-oriented
management approachand the landscape-
level approach is most simply one of
scale. Noss (1983) formalized this as the
maintenance of alpha, beta, and gamma
diversity, asdefined by Whittaker (1972).
Management for alpha diversity concen-
trates on one or a few species, manage-
ment for beta diversity concentrates on
maximum regional diversity, often
through maintenance of early succes-
sional stages, and management for
gamma diversity concentrates on main-
taining large undisturbed areas region-
ally, and on keeping intact interconnec-
tions between habitat patches. How the
pingos relate to overall landscape func-
tion is unknown. With the great diver-
sity of habitats and species present on
pingos, however, it is almost certain that
destruction of pingos will have some
effect on the regional landscape and its
biota.

Geomorphic and ecological events
adesu'uction o' pingos ‘'will nave sorhe
effect on the regional landscape and its
biota.

Geomorphic and ecological events
may be seen as hierarchical; events at the
lowest levels are constrained by those at
higher levels, and time and space scales
tend to be correlated (Delcourt et al.
1983; Urban et al. 1987). There is inter-
action between pingos and the surround-
ing landscape on a daily basis at a small
scale, but the formation of pingos is
dependent on infrequent geomorphic

events (formation and drainage of a lake
deeperthan2 m)(Table 51). The Prudhoe
Bay region is a giant experiment on the
effects of oil field development on the
coastal plain landscape (Walker et al.
1987b). After only fifteen years of de-
velopment, it already appears that sec-
ondary impacts, for which planning
cannot be done (for example flooding
and thermokarst), are in some areas
greater than the primary impacts. The
Prudhoe Bay oil field is small in scope
when compared to the entire Coastal
Plain, but continuing exploration has
turned up many other deposits which
will likely be developed at some time
(see U.S.Fish and Wildlife Service 1987).
The ultimate effect of the fragmentation
of this landscape, by the building of road
networks and pipelines (as investigated
by Meehan [1986]), may only be appar-
ent when it is too late. If the recommen-
dations of Noss (1983) and Harris (1984)
were to be followed, by leaving focal
points such as the pingos intact, and by
maintaining natural corridors between
various landscape elements, impacts to
diversity would likely be lessened.

The northern Alaska pingos repre-
sent an uncommon and unusual natural
resource that should be protected as part
of our national heritage. Their particu-
larly rich floras and faunas, their value as
sources of scientific information about
geomorphic and ecological processes,
oI Our nauonal férirage. 1 neir particu-
larly rich floras and faunas, their value as
sources of scientific information about
geomorphic and ecological processes,
and their unspecified value as part of the
‘natural landscape would each on its own
be reason enough for their protection.
The value of maintaining intact ecosys-
tems is generally not specified in envi-
ronmental assessments, but Barrick
(1983) has demonstrated that the major-
ity of citizens do place some value on
this. Most of the Toolik River study area
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Table. 51. Results of scale of natural disturbance events on pingo formation and
function. Concepts of patch types and landscape elements are from Forman and

Godron (1986).

Event

Frequency (yrs) Scale (m?)

Result

Glacial-climatic 10° - 10¢ 107 - 101 Regional landscape
cycles, glaciation types
Formation of 100 - 108 10¢ - 10w Regional landscape
permafrost elements
Lake drainage 100 - 10¢ 104 - 10¢ Drained lake basins,
pingos
Major colluvial 102- 10 102- 10° Small environmental
events resource patches,
increased habitat
diversity
Col'onizan'on by 10t - 102 10t - 102 Chronic disturbance
squirrels and foxes patches; increased
nutrient input,
increased attraction
to predators
Digging by grizzly 100- 10! 100 - 10 Small disturbance
bears patches
Nesting by small 107 - 100 104 - 100 Movement of
mmﬂs and nutrients and energy
passerines between patches
Nesting by small 101 - 100 101 - 10 Movement of
mamrr_mals and nutrients and energy
passerines between patches
within a pingo
Digging and 102 - 100 10 - 107 Movement of
foraging by nutrients and energy
mamrpals, . between pingos and
perching by birds the landscape matrix
1072



and pingo no. 41 (Kadleroshilik Mound)
have been recommended for national
landmark status (Koranda and Evans
1975; Everett 1983a,b), which would
protect the pingos within these areas
from further destruction. The Canadian
government has taken similar steps
toward protection of the Tuktoyaktuk
vicinity pingos (Parks Canada 1978).
Everett (1983a,b) has recommended that
on these national landmark sites there
should be no structures, permanent or
otherwise, that excavations of any kind
be prohibited, and that there should be no
vehicle access onto the pingos. No ac-
tion has yet been taken on these recom-
mendations. For the pingos within areas
that have already undergone develop-
ment (the Prudhoe Bay and Kuparuk
areas), protection may be much more
difficult to obtain and toenforce. Within
developed areas, vehicle access and the
placement of permanent structures should
be prohibited on all pingos, and tempo-

rary structures, such as survey control
points, should be removed immediately
after use.

Ittakesatleast several thousand years
for a pingo to complete development,
and perhaps longer for it toreach a stage
of maximum biological diversity. The
central Arctic Coastal Plain of Alaska is
an unusual situation which has allowed
some of these pingos to persist, perhaps
from pre-Holocene times. The minimal
remains of a 6,000 year old hunting camp
on a pingo in the Kuparuk study area
(Lobdell 1986) tell us that when people
first ventured into the North American
Arctic, they encountered some of the
pingos that are there today. They have
been landmarks, dry camping sites, and
observation points for countless genera-
tions. Itis this generation’s responsibil-
ity to see that we are not the last people
who had the opportunity of knowing and
experiencing the pingos.
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APPENDIX A

Annotated Species List

The purpose of this appendix is to document all species known to occur on
pingos within the region considered. There are 232 vascular taxa in 218 species,
113 genera, and 32 families, 104 species of lichens, and 59 species of bryophytes.
Recognition of certain subspecies or varieties as valid species is a matter of
definition and will never be concrete. Because Hultén (1968) is the standard
reference for the Alaskan vascular flora, the names used there are most widely
known and accepted. More recent research, however, has often revealed that other
names have precedence. In order to be most consistent with other Alaskan work,
the names used here are those currently in use by the University of Alaska
Herbarium.

Although this was not intended to be a taxonomic study, it did require
considerable work with the plants, as many of these represent new records for the
region, coastal plain, or north slope. Two types of specimens were collected. The
first type, listed as 'Specimens’, were collected for the express purpose of
deposition in an herbarium. The other type, listed as 'Vouchers', were collected as
small samples from individual plots in order to check species identifications in the
laboratory. The number following the dash on a voucher number represents the
pingo number; thus, one can determine what pingos are represented by looking at
these numbers. All specimens and most vouchers have been deposited in either the
University of Colorado or University of Alaska herbaria. These were verified or
identified by either Dr. David Murray of the University of Alaska or by Dr. William
Weber of the University of Colorado. Following each name is a list of the study
areas where that species occurred. The abbreviations used are: PB, Prudhoe Bay;
KP, Kuparuk; KD, Kadleroshilik; TR, Toolik River; All, all areas. This represents
the distribution as documented for pingos only. Some species are more widespread
but limited to moist or wet habitats, and therefore rare on pingos.

The list includes species listed by D.A. Walker (1985) as present on pingos
or on habitats common on pingos, including animal dens, disturbances, dry sites,
and snowbanks. The vascular plant list is probably very nearly complete for the
pingos that were sampled, but is likely missing a few species for each study area,
as not every pingo within an area could be visited. The cryptogam lists are most
certainly incomplete. My inexperience with these groups, particularly with the
bryophytes, limited what I was able to accompllsh The ma]orlty of bryophytcs are

pingos that were sampled but is likely rmssmg a few species for each study area,
as not every pingo within an area could be visited. The cryptogam lists are most
certainly incomplete. My inexperience with these groups, particularly with the
bryophytes, limited what I was able to accomplish. The majority of bryophytes are
found in moist to wet habitats, and therefore a great diversity of these taxa is not
expected on the pingos. A number of lichen species representing range extensions
were verified or identified by Dr. John Thomson of the University of Wisconsin.
In spite of my inexperience with these groups, a number of very major range
extensions were documented for the lichens. There are likely to be others that I did
not recognize. Nomenclature for the cryptogams follows the University of Alaska
Herbarium, except for those species listed by Thomson (1984), in which case his
treatment is followed.
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Vascular Plants

Achillea borealis Bong.
Specimens: 84-142
Vouchers: 1-30
TR

Agropyron boreale (Trucz.) Drobov ssp. alaskanum (Scribn. & Merr.) Melderis
Vouchers: 2-29
TR

Agropyron boreale (Trucz.) Drobov ssp. hyperarcticum (Polunin) Melderis
Specimens: 83-118
Vouchers: 3-3, 3-21, 3-30, 3-31
Al

Alopecurus alpinus Sm. ssp. alpinus
Specimens: 83-54, 83-225, 84-31, 84-65
Vouchers: 4-13, 4-19, 4-21, 4-25, 4-33
PB,KP,KD

Alsinanthe rossii (R, Br.) Love and Love
See Minuartia elegans

Andromeda polifolia L.
New regional record, most coastal locality known.
Specimens: 84-129
Kp

Androsace chamaejasme Host ssp. lehmanniana (Spreng.) Hult.
Specimens: 83-41, 84-36
Vouchers: 5-1, 5-7, 5-8, 5-12, 5-13, 5-15, 5-17, 5-18, 5-20, 5-21, 5-22, 5-
25, 5-26, 5-27, 5-28, 5-29, 5-31, 5-32, 5-33, 5-36, 5-37, 5-39
All

Androsace septentrionalis L.
Specimens: 83-66
Vouchers: 6-1, 6-11, 6-13, 6-15, 6-16, 6-19, 6-21, 6-31, 6-33
All

Anemone drummondii S. Wats.
New coastal plain record.
Specimens: 83-147
Vouchers: 7-7
KD, TR

Anemone parviflora Michx.
Snecimence: R3-117

Anemone drummondii S. Wats.
New coastal plain record.
Specimens: 83-147
Vouchers: 7-7
KD, TR

Anemone parviflora Michx.
Specimens: 83-112
Vouchers: 8-3, 8-11, 8-14, 8-15, 8-20, 8-26, 8-27, 8-29, 8-30, 8-31, §-32, 8-
37
All

Antennaria alpina (L.) Gaertn.
(=Antennaria friesiana (Trautv.) Ekman ssp. alaskana (Malte) Hult.)
Specimens: 83-233, 84-96
Vouchers: 9-11,9-18, 9-33
PB.KP.KD

Antennaria friesiana (Trautv.) Ekman ssp. alaskana (Malte) Hult.
See Antennaria alpina

Antiphylla oppositifolia (L.) Fourr.
See Saxifraga oppositifolia

Arctagrostis latifolia (R. Br.) Griseb. var. arundinacea (Trin.) Griseb.
Fairly common in the southemn areas, but generally not distinguished from A.
latifolia var. latifolia in the relevés.
Specimens: $3-162
KD, TR

Arctagrostis latifolia (R. Br.) Griseb, var. latifolia
Specimens: 83-116
Vouchers: 10-1, 10-6, 10-8, 10-9, 10-10, 10-13, 10-15, 10-16, 10-17, 10-20,
10-21, 10-22, 10-26, 10-27, 10-28, 10-29, 10-30, 10-31, 30-32, 10-33, 10-
%11, 10-35, 10-36, 10-37, 10-38, 10-39

Arctostaphylos rubra (Rehd. & Wilson) Fern.
See Arctous rubra

Arctous rubra (Rehd. & Wilson) Nakai
(=Arctostaphylos rubra (Rehd. & Wilson) Fern.)
Specimens: 83-143, 84-154
Vouchers: 11-7, 11-10, 11-20, 11-29, 11-30, 11-31, 11-32
KP,KD, TR

Armeria maritima (Mill.) Willd. ssp. arctica (Cham.) Hult.
A coastal species common on the sand dunes at Prudhoe Bay, here occurring
inland on a sandy animal den disturbance on Pingo 15. Flower color on this
specimen was pink to purple while those at the coast generally have deep pink
to red flowers.
Specimens: 84-50
TR

Arnica alpina (L.) Olin ssp. angustifolia (M. Vahl) Maguire
Specimens: 83-220, 84-55, 86-41
Vouchers: 12-15, 12-32
KD, TR

Arnica frigida C.A. Mey
Specimens: 83-196, 84-54, 84-66, 86-16
Vouchers: 13-28
KD, TR

Arnica lessingii Greene ssp. lessingii
Specimens: 86-40
KD, TR

Arnica frigida C.A. Mey
Specimens: 83-196, 84-54, 84-66, 86-16
Vouchers: 13-28
KD, TR

Arnica lessingii Greene ssp. lessingii
Specimens: 86-40
KD, TR

Artemisia arctica Less. ssp. arctica
Specimens: 83-81
KP

Artemisia arctica Less. ssp. comata (Rydb.) Hult.
Specimens: 84-106
Vouchers: 14-21, 15-21
KP



Artemisia borealis Pall. .
(=Oligosporus groenlandicus (Hornem.) Love & Love)
Specimens: 83-114, 84-59
Vouchers: 16-15, 16-33
PB,KP,TR

Artemisia glomerata Ledeb.
Specimens: 83-113, 84-56
Vouchers: 17-15
PB,TR

Aster sibiricus L.
Specimens: 83-117, 83-200
PB,TR

Astragalus aboriginum Richards.
Specimens: 84-53, 86-13
Vouchers: 18-15
KD,TR
Astragalus alpinus L.
Sgecimer{)s: 83-130, 84-25, 84-20, 84-104, 84-160b
Vouchers: 19-1, 19-20, 19-26, 19-28, 19-30, 19-33, 19-37, 19-40
Al

Astragalus umbellatus Bunge
Specimens: §3-70, 84-24

Vouchers: 20-1, 20-2, 20-9, 20-10, 20-13, 20-14, 20-15, 20-16, 20-17, 20-
1§),U20-19, 20-20, 20-22, 20-23, 20-24, 20-25, 20-26, 20-27, 20-28, 20-29,
20-30, 20-31, 20-32, 20-33, 20-34, 20-35, 20-36, 20-37, 20-38, 20-39, 20-40

All

Betula nana L. ssp. exilis (Sukatsch.) Hult.
Vouchers: 21-9,21-10
KD, TR

Bistorta plumosa (Small) E. Greene
(=Polygonum bistorta L. ssp. plumosum (Small) Hult.)
Specimens: 83-105, 84-92

Vouchers: 153-10, 153-12, 153-13, 153-16, 153-18, 153-19, 153-23, 153-

24, 153-29, 153-34, 153-35, 153-37, 153-38, 153-40
All

Bistorta vivipara (L.) Gray
(=Polygonum viviparumL.)

- et e am4 o~ ama 1A tedA 1A 104 34 154 1£ IEA 1T 184 10
- . - .

All

Bistorta vivipara (L.) Gray
(=Polygonum viviparum L.)

Vouchers: 154-1, 154-8, 154-10, 154-12, 154-13, 154-16, 154-17, 154-18,
15:—19, 154-20, 154-21, 154-22, 154-23, 154-24, 154-25, 154-26, 154-27,
154-28, 154-29, 154-30, 154-31, 154-32, 154-33, 154-34, 154-35, 154-36,

154-37, 154-38, 154-39, 154-40
All

Boykinia richardsonii (Hook.) Gray
(=Theroforon richardsonii Hook.)
Specimens: 83-139, 83-222, 84-207
Vouchers: 22-13,22-34,22-37,22-38
All
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Braya glabella Richards.
Specimens: 83-136, 84-80
Vouchers: 24-14, 24-17, 24-19, 24-20, 24-38, 25-26
PB,KP,TR

Braya humilis (C.A. Mey) Robins.
New regional record.
Specimens: 84-77, 84-218
Vouchers: 23-7, 23-27, 23-31
KP,KD,TR

Braya purpurascens (R. Br.) Bunge
Specimens: 83-135, 84-14, 84-115
Vouchers: 25-5,25-6,25-12, 25-13, 25-17, 25-36
PB,KP,TR

Bromus pumpellianus Scribn. var. arcticus (Shear) Pors.
Specimens: 83-127, 84-162
PB,TR

Bromus pumpellianus Scribn. var. pumpellianus
Specimens: 83-163
Vouchers: 26-7, 27-1, 27-8, 27-9, 27-10, 27-15, 27-30, 27-37, 28-32
PB,KP, TR

Bupleurum triradiatum Adams ssp. arcticum (Regel) Hult.
Specimens: 83-175
Vouchers: 29-7,29-11, 29-15, 29-32
KD,TR

Calamagrostis purpurascens R. Br. ssp. arctica (Vasey) Hult.
Specimens: 83-164
TR

Calamagrostis purpurascens R. Br. ssp. purpurascens
Specimens: 83-31, 84-176
Vouchers: 30-4, 30-31, 30-32
PB,KP,TR

Caltha palustris L. ssp. arctica (R. Br.) Hult.
Specimens: 84-200, 86-33
KP

Campanula uniflora L.
Specimens: 83-49, 84-5a
Vouchers: 31-10, 31-11, 31-14, 31-17, 31-20, 31-21, 31-22
All

Campanula uniflora L.
Specimens: 83-49, 84-53
Vouchers: 31-10, 31-11, 31-14, 31-17, 31-20, 31-21, 31-22
All

Cardamine digitata Richardson
(=Cardamine hyperborea Q.E. Schultz)
Specimens: §3-58

Vouchers: 32-9, 32-12, 32-16, 32-18, 32-19, 32-20, 32-21, 32-22, 32-23,
32-24, 32-26, 32-29, 32-30, 32-31, 32-32, 32-33, 32-34, 32-35, 32-37, 32-40

All

Cardamine hyperborea O.E. Schulz
See C. digitata

Cardamine pratensis L. ssp. angustifolia (Hook.) O.E. Schulz
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Specimens: 84-201
KP,KD

Carex aquatilis Wahlenb. ssp. aquatilis
Vouchers: 33-19
KP

Carex aquatilis Wahlenb. ssp. stans (Dre;j.) Hult.
Specimens: 84-216
Vouchers: 34-1,34-21, 34-33, 34-38, 34-39
All

Carex bigelowii Torr.34
Specimens: 83-1
Vpouchers: 35-1, 35-2, 35-7, 35-8, 35-9, 35-10, 35-11, 35-13, 35-16, 35-18,
35-19, 35-20, 35-21, 35-22, 35-23, 35-24, 35-25, 35-26, 35-28, 35-29, 35-
31, 35-32, 35-34, 35-35, 35-38, 35-39, 35-40, 38-34
All

Carex capillaris L.
Specimens: 83-152, 84-138, 84-190
Vouchers: 36-9, 36-10, 39-30
PB,KD,TR

linii Boott ) .
Cargfejcﬁg;ﬁdk;ecord for the north slope, previously collected along the Fl}'th River
(D. Murray, written comm.). The preferred hz_abitat is listed by Hultén (1968)
as "[a]lpine slopes, preferably on calcareous soil.”
Specimens: 83-153, 84-140, 84-192
Vouchers: 37-27

Carex glacialis Mack. .
New coastal plain record; generally an alpine plant.
Specimens: 83-150, 84-146, 84-191
Vouchers: 38-7,42-26
TR

Carex krausei Boeck.
Specimens: 84-60, 84-186
TR

Carex marina Dew.
Vouchers: 48-11
KD

Carex maritima Gunn.

ww Specimens: R3-63. 84-107
Vouchers: 48-11
KD

Carex maritima Gunn.
Specimens: 83-63, 84-107
Vouchers: 40-21, 40-23
PB,KP, TR

Carex membranacea Hook.
Specimens: 83-79, 84-69

Vouchers: 41-3, 41-4, 41-8, 41-14, 41-15, 41-16, 41-17, 41-20, 41-23, 41-

24, 41-30, 41-32, 41-34, 41-36, 41-37, 41-38, 41-40
All

Carex misandra R. Br.
Specimens: 83-88, 84-95
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Vouchers: 42-12, 42-17, 42-19, 42-33, 42-38
Al

Carex nardina E. Fries
New regional record; probably confused with Kobresia myosuroides in earlier
studies.
Specimens: 83-122, 84-135, 84-137, 84-180
Vouchers: 43-4, 43-26
PB,XD,TR

Carex obtusata Lilj.
New regional record; widespread but easily overlooked.
Specimens: 83-119, 83-155, 84-116, 84-119
Vouchers: 44-3, 44-7, 44-9, 44-10, 44-13, 44-22, 44-24, 44-30, 46-11
All

Carex petricosa Dew.
New regional record; previously reported from the northern foothills.
Specimens: 83-124, 84-145, 84-179
Vouchers: 37-7, 37-26, 37-29, 37-31, 37-32
TR

Carex rupestris All.
Specimens; 83-91, 84-111
Vouchers: 45-2, 45-3, 45-6, 45-7, 45-12, 45-13, 45-14, 45-15, 45-16, 45-17,
45-18, 45-19, 45-20, 45-22, 45-23, 45-24, 45-25, 45-26, 45-27, 45-29, 45-
‘3;(1)1, 45-31, 45-32, 45-33, 45-36, 45-37, 45-38, 45-39, 45-40, 46-35

Carex scirpoidea Michx.
Specimens: 83-33, 84-11
Vouchers: 46-2, 46-3, 46-7, 46-8, 46-10, 46-13, 46-14, 46-15, 46-16, 46-17,
46-18, 46-19, 46-20, 46-21, 46-22, 46-23, 46-24, 46-25, 46-26, 46-27, 46-
28, 46-29, 46-30, 46-31, 46-32, 46-34, 46-36, 46-37, 46-38, 46-39, 46-40
All

Carex supina Willd. ssp. spaniocarpa (Steud.) Hult.
Vouchers: 47-7
TR

Carex vaginata Tausch.
Specimens: 84-196
TR

Cassiope tetragona (L.) D. Don ssp. tetragona
Specimens: 83-170
Speahgens; gyl 7 40 0 A e e e
TR .

Cassiope tetragona (L.) D. Don ssp. tetragona
Specimens: 83-170
Vouchers: 49-1, 49-7, 49-8, 49-9, 49-10, 49-11, 49-12, 49-13, 49-14, 49-15,
49-16, 49-17, 49-18, 49-19, 49-20, 49-22, 49-23, 49-24, 49-25, 49-26, 49-
27, 49-28, 49-29, 49-30, 49-31, 49-32, 49-33, 49-34, 49-35, 49-36, 49-37,
49-38, 49-40
All

Cerastium beeringianum Cham. & Schlecht. var. beeringianum
Specimens: 83-90, 84-19
Vouchers: 50-1, 50-2, 50-3, 50-8, 50-12, 50-13, 50-14, 50-15, 50-16, 50-17,
50-18, 50-19, 50-20, 50-21, 50-22, 50-23, 50-24, 50-25, 50-28, 50-30, 50-
33, 50-35, 50-36, 50-38, 50-39, 50-40
All
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Cerastium beeringianum Cham. & Schlecht. var. grandifolium _
Listed by Walker (1985) as the more common variety. Not recognized as
distinct from C. beeringianum. var. beeringianum in this study.

Cerastium jenisejense Hult.
Specimens: 83-271
KP

Chamerion latifolium (L.) Holub
See Epilobium latifolium

Chrysanthemum integrifolium Richards.

Dendranthemum integrifolium (Richards.) Tsvelev)

Specimens: 83-76

Vouchers: 51-12, 51-14, 51-15, 51-17, 51-19, 51-20, 51-22, 51-25, 51-27,
51-28, 51-29, 51-30, 51-31, 51-32, 51-34, 51-35, 51-37, 51-38

All

Chrysosplenium tetrandrum (Lund) T. Fries
Specimens: 84-213
KD, TR

Ciliaria funstonii (Small) Weber
See Saxifraga bronchialis ssp. funstonii

Ciliaria tricuspidata (Retz.) Weber
See Saxifraga tricuspidata

Cnidium cnidifolium (Turcz.) Schischk.
New regional record, northernmost collection.
Specimens: 86-17
KD

Cochlearia officianalis L. ssp. arctica (Schlecht.) Hult.
Specimens: 83-249
Vouchers: 52-12
KP

Cystopteris fragilis (L..) Bernh.
Specimens: §3-218
KD

Delphinium brachycentrum Ledeb.
See D. chamissonis

Delphinium chamissonis Pritz.
(D. brachvcentrum Ledeb.)
Delphinium brachycentrum Ledeb.

See D. chamissonis

Delphinium chamissonis Pritz.
(D. brachycentrum Ledeb.)
New coastal plain record.
Specimens: 83-195, 86-14
KD

Dendranthemum integrifolium (Richards.) Tsvelev
See Chrysanthemum integrifolium

Deschampsia caespitosa (L..) Beauv. ssp. caespitosa
Specimens: 84-76, 84-144
KD,TR
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Descurainia sophioides (Fisch.) O.B. Schulz
Specimens: 83-211, 84-168
KD, TR

Dodecatheon frigidum Cham. & Schlecht.
Specimens: 86-39
Vouchers: 53-25
KD,TR

Draba alpina L.
Listed by Walker (1985) as common on pingos, but not found in this study.
Probably confused with D. corymbosa either here or by Walker (1985).

Draba borealis DC.
Specimens: 84-79, 84-108
Vouchers: 55-20, 55-37
TR

Draba cana Adams
Specimens: 84-64
PB,KD

Draba cinerea Adams
Specimens: 83-39, 83-93, 84-4, 84-89, 84-105, 84-122
Vouchers: 56-1, 56-3, 56-8, 56-10, 56-11, 56-13, 56-15, 56-16, 56-17, 56-
20, 56-21, 56-33, 56-36, 56-39, 57-1, 57-2, 57-3, 57-4, 57-5, 57-6, 57-9, 57-
12, 57-13, 57-14, 57-15, 57-19, 57-20, 57-21, 57-22, 57-24, 57-25, 57-33,
57-35, 57-36, 57-37
All

Draba corymbosa R. Br. ex DC.
(=Draba macrocarpa Adams)
Specimens: 84-5, 84-127
Vouchers: 54-5, 54-12, 54-13, 54-14, 54-18, 54-22, 54-23, 54-24, 54-25,
54-36, 54-40, 58-2, 58-6, 58-12, 58-16, 58-17, 58-18, 58-24, 58-26, 58-36,
5A§1-39’ 62-14, 66-1, 66-5, 66-16, 66-18, 66-20, 66-25, 66-33, 66-34, 66-35

Draba fladnizensis Wulf.
New regional record.
Vouchers: 68-26, 59-11
TR

Draba glabella Pursh
Specimens: 83-197, 83-215, 84-64a, 84-79a, 84-163, 84-217

Vouochoero: 55%\.@.‘; £N O €O 18 LN AL A AD N AN rNAAN 71 4 rAa

TR

Draba glabella Pursh
Specimens: 83-197, 83-215, 84-64a, 84-79a, 84-163, 84-217
éogchers: 55-20, 60-1, 60-8, 60-15, 60-25, 60-28, 60-30, 60-32, 61-1, 62-1,
All

Draba lactea Adams
Specimens: 83-68, 84-198
Vouchers: 61-28, 64-16, 65-11, 65-13, 65-16
PB KP,TR

Draba longipes Raup
Specimens: 83-227
KP
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Draba macrocarpa Adams
See D. corymbosa

Draba nivalis Liljebl.
New regional record.
Specimens: 86-2
Vouchers: 63-11, 63-24
KP,KD

Draba subcapitata Simm.
New regional record.
Specimens: 83-52, 84-3
Vouchers: 64-2, 64-4
PB

Dryas integrifolia M. Vahl ssp. integrifolia
Specimens: 83-72
Vouchers: 69-1, 69-7, 69-8, 69-9, 69-10, 69-11, 69-12, 69-13, 69-14, 69-15,
69-16, 69-17, 69-18, 69-19, 69-20, 69-21, 69-22, 69-23, 69-24, 69-25, 69-
26, 69-27, 69-28, 69-29, 69-30, 69-31, 69-32, 69-33, 69-34, 69-35, 69-36,
69-37, 69-38, 69-39, 69-40
All

Dupontia fisheri R. Br. ssp. fisheri
Specimens: 83-258
Vouchers: 201-23
KD

Elymus innovatus Beal
(=Leymus velutinus (Bowden) Love & Love)
Specimens: 83-161, 84-143, 84-52, 84-177
Vouchers: 70-7, 70-15, 70-32
TR

Empetrum hermaphroditum (Lange) Hagerup
(=Empetrum nigrum L. ssp. hermaphroditum (Lange) Bécher)
Specimens: 83-209
Vouchers: 75-10,75-11
KD

Empetrum nigrum L. ssp. hermaphroditum (Lange) Bécher
See E. hermaphroditum

Epilobium davuricum Fisch.
Specimens: 84-73

TR
Epilobium latifolium L.
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See E. hermaphroditum

Epilobium davuricum Fisch.
Specimens: 84-73
TR

Epilobium latifolium L.
(=Chamerion latifolium (L.) Holub)
Specimens: 83-232
Vouchers: 81-11
PB,KD

Equisetum arvense L.
Specimens: 83-35
Vouchers: 72-1, 72-8, 72-14, 72-15, 72-16, 72-21, 72-24, 72-26, 72-27, 72-
28, 72-30, 72-31, 72-34, 72-39
All

Equisetum scirpoides Michx.
(=Hippochaete scirpoides (Michx.) Farwell)
Specimens: 83-87
Vouchers: 73-1, 73-6, 73-8, 73-14, 73-15, 73-16, 73-18, 73-19, 73-20, 73-
22, 73-24, 73-26, 73-29, 73-32, 73-34, 73-38, 73-40
All

Equisetum variegatum Schleich. ssp. variegatum
(=Hippochaete variegata (Schleich.) Bruhin)
Specimens: 83-109
Vouchers: 74-2, 74-14, 74-15, 74-17, 74-19, 74-22, 74-23, 74-26, 74-27,
74-32, 74-34, 74-38, 74-39, 74-40
All

Erigeron eriocephalus J. Vahl
Specimens: 83-57, 84-109, 84-203
Vouchers: 75-3, 75-21, 75-33
PB,KP, TR

Erigeron grandiflorus Hook. ssp. muirii (Gray) Hult.
See Erigeron muirii

Erigeron humilis Graham
Specimens: 84-212, 86-5
Vouchers: 76-33
XP,KD

Erigeron hyperboreus Greene
Specimens; 86-31
Vouchers: 77-11
KD

Erigeron muirii A. Gray
(=Erigeron grandiflorus Hook. ssp. muirii (Gray) Hult.)
New coastal plain record; a north slope endemic listed by Murray (1980) as
threatened.
Specimens: 83-154
TR

Eriophorum angustifolium Honck. ssp. subarcticum (Vassiljev.) Hult.
Specimens: 84-161
KP,KD, TR

Eriophorum angustifolium Honck. ssp. triste (T. Fries) Hult.
See E. triste

Eriophorum scheuchzeri Hoppe var. scheuchzeri
Specimens: 84-72, 84-202
v n

KP,KD,TR

Eriophorum angustifolium Honck. ssp. triste (T. Fries) Hult.
See E. triste

Eriophorum scheuchzeri Hoppe var. scheuchzeri
Specimens: 84-72, 84-202
KP

Eriophorum rriste (T. Fries) Hadac & A. Live
(=Eriophorum angustifolium Honck. ssp. triste (T. Fries) Hult.)
Vouchers: 78-1, 78-4, 78-6, 78-8, 78-14, 78-17, 78-18, 78-19, 78-20, 78-22,
78-29, 78-34, 78-36, 78-37, 78-38
All

Eriophorum vaginatum L.
Vouchers; 79-10, 79-16, 79-22, 79-34
All



Eritrichum aretioides (Cham.) DC.
Specimens: 86-30
KD

Erysimum pallasii (Pursh) Fern.
Specimens: 86-19
KD

Eutrema edwardsii R. Br.
Specimens: 84-114, 84-67, 83-255
Vouchers: 80-13, 80-21
PB,KP,KD

Festuca altaica Trin.
Rare on the coastal plain.
Specimens: 84-165
Vouchers: 27-27,201-29
TR

Festuca baffinensis Polunin
Specimens: 83-30, 83-89, 84-75
Vouchers: 82-9, 82-10, 82-11, 82-12, 82-15, 82-16, 82-17, 82-18, 82-19,
82-21, 82-22, 82-23, 82-24, 82-25, 82-29, 82-33, 82-34, 82-35, 82-39, 82-40
All

Festuca brachyphylla Schult.
Specimens: 83-104, 83-108, 84-98
Vouchers: 88-8, 88-11, 88-12, 88-13, 88-18, 88-20, 88-21, 88-23, 88-24,
88-25, 88-28, 88-32, 88-33, 88-34, 88-35, 88-38, 88-40
All

Festuca rubra L.
Specimens: 83-166, 83-167, 83-56, 84-194, 84-210
Vouchers: 89-25, 89-29, 89-33, 89-37
All

Gastrolychnis affinis (J. Vahl) Tolm. & Kozh.
(=Melandrium affine J. Vahl; Silene involucrata (Cham. & Schlect.) Bocq.)
Specimens: 83-126
Vouchers: 104-1, 104-8, 104-11, 104-12, 104-13, 104-15, 104-16, 104-17,
104-19, 104-20, 104-21, 104-23, 104-24, 104-25, 104-29, 104-30, 104-34,
104-35, 104-36, 104-39, 104-40, 106-10, 106-11, 106-28, 106-39
Al
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Al

Gastrolychnis apetala (L.) Tolm. & Kozh.
(=Melandrium apetalum (L.) Fenzl ssp. arcticum (E. Fries) Hult.; Silene
wahlbergella Chawd. ssp. arcrica (Fr.) Hult.)
Specimens: 83-132
Vouchers: 105-18, 105-25
All

Gentiana propinqua Richards.
See Gentianella propinqua

Gentianella propinqua (Richards.) Gillett.
(=Gentiana propinqua Richards.)
Specimens: 83-168
TR
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Geum glaciale Adams
See Novosieversia glacialis

Hedysarum alpinum L. ssp. americanum (Michx.) Fedtsch.
Specimens: 83-46, 83-138
Vouchers: 90-7, 90-15, 90-26, 90-27, 90-29, 90-30, 90-31, 90-32
PB,TR

Hierochloé alpina (Sw.) Roem. & Schult.
Specimens: 83-181, 84-120
Vouchers: 91-10, 91-11
PB,KP,KD

Hippochaete scirpoides (Michx.) Farwell
See Equisetum scirpoides

Hippochaete variegata (Schleich.) Bruhin
See Equisetum variegatum

Hippuris vulgaris L.
Specimens: 84-214
TR

Hirculus prorepens (Fisch. ex Sternberg) Weber
See Saxifraga hirculus

Huperzia selago (L.) C. Martins ssp. appressa (Desv.) D. Love
(=Lycopodium selago L. ssp. appressum (Desv.) Hult.)
Specimens: 83-212, 84-131, 86-22
KP,KD

Juncus biglumis L.
Specimens: 84-78
Vouchers: 92-8, 92-12, 92-16, 92-18, 92-24, 92-25, 92-32, 92-34, 92-40
All

Kobresia myosuroides (Vill.) Fiori & Paol.
Specimens: 83-34, 84-58, 84-139, 84-170
Vouchers: 43-7, 93-4, 93-7, 93-8, 93-10, 93-11, 93-14, 93-15, 93-19, 93-20,
93-25, 93-26, 93-27, 93-28, 93-29, 93-30, 93-31, 93-32, 93-34, 93-37, 93-39
All

Kobresia sibirica Turcz.
Specimens: 84-70, 84-101, 84-178

wVouchers: 94-8 94-16, 94-23, 94-25, 94-26, 94-31, 94-34, 94-40
Specimens: 84-70, 84-101, 84-178
Vouchers: 94-8, 94-16, 94-23, 9425, 94-26, 94-31, 94-34, 94-40
All

Koenigia islandica L.
Specimens: 86-24
KD

Lagotis glauca Gaertn. ssp. minor (Willd.) Hult.
Specimens: 84-197
Vouchers: 95-13
KP,KD, TR

Ledum decumbens (Ait.) Small
(=L. palustre L. ssp. decumbens (Ait.) Hult.)
Specimens: 83-213, 83-204
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Vouchers: 96-9, 96-10
XD

Ledum palustre L. ssp. decumbens (Ait.) Hult.
See L. decumbens

Lesquerella arctica (Wormsk.) S. Wats.
Specimens: 83-40, 84-10
Vouchers: 97-7, 97-14, 97-17, 97-20, 97-26, 97-32
PB,KD,TR

Leymus velutinus (Bowden) Love & Love
See Elymus innovatus

Lidia arctica (Stev.) Love & Love
See Minuartia arctica

Lloydia serotina (L.) Rchb.
Specimens: 83-80
Vouchers: 98-12, 98-13, 98-14, 98-15, 98-16, 98-17, 98-21, 98-22, 98-23,
98-24, 98-26, 98-27, 98-28, 98-29, 98-32, 98-33, 98-36, 98-37, 98-38, 98-39
All

Lupinus arcticus S. Wats.
Specimens: 83-144, 83-174, 84-102
VYouchers: 99-7, 99-28, 99-29
KP,KD,TR

Luzula arctica Blytt
Specimens; 83-82
Vouchers: 100-3, 100-6, 100-7, 100-8, 100-12, 100-13, 100-16, 100-23,
100-24, 100-25, 100-33, 100-34, 100-35, 100-38, 102-1, 102-8, 102-12,
102-15, 102-17, 102-18, 102-19, 102-20, 102-25, 102-29, 102-40
Al

Luzula arcuara (Wahlenb.) Sw. ssp. unalaschensis (Buchenau) Hult.
Northernmost collection, also known from the Jago River (D. Murray, written
comm.).
Vouchers: 102-9
KD

Luzula confusa Lindeb.
Specimens: 83-253, 84-94
Vouchers: 101-8, 101-9, 101-10, 101-11, 101-12, 101-18, 101-19, 101-20,
101-23, 101-24, 101-25, 101-33, 101-35
All

Specimens: 83-253, 84-94

Vouchers: 101-8, 101-9, 101-10, 101-11, 101-12, 101-18, 101-19, 101-20,
101-23, 101-24, 101-25, 101-33, 101-35

All

Luzula kjellmaniana Miyabe & Kuds
(=L. tundricola Gorodk.)
Specimens: 83-73, 83-180, 84-121, 86-20
Vouchers: 102-24, 102-34, 102-35, 102-38, 103-11, 103-35, 103-37
All

Luzula tundricola Gorodk.
See L. kjellmaniana

Lycopodium selago L. ssp. appressum (Desv.) Hult.
See Huperzia selago ssp. appressa
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Melandrium affine J. Vahl
See Gastrolychnis affinis

Melandrium apetalum (L.) Fenzl ssp. arciicum (E. Fries) Hult.
See Gastrolychnis apetala

Micranthus nelsoniana (D. Don) Small
See Saxifraga nelsoniana

Minuartia arctica (Stev.) Aschers. & Graebn.
(=Lidia arctica (Stev.) Love & Love)
Specimens: 83-50, §4-123
Vouchers: 107-8, 107-9, 107-11, 107-13, 107-14, 107-15, 107-16, 107-17,
107-18, 107-19, 107-22, 107-23, 107-24, 107-26, 107-27, 107-28, 107-29,
107-30, 107-31, 107-32, 107-34, 107-35, 107-36, 107-37, 107-38, 107-40,
108-40, 194-7b
All

Minuartia elegans Cham. & Schlect.
(=Alsinanthe rossii (R. Br.) Love and Love; Minuartia rossii (R. Br.) Graebn.)
Specimens: 83-51
Vouchers: 109-13, 109-18, 109-35
PB,KP

Minuartia rossii (R. Br.) Graebn.
See M. elegans

Minuartia rubella (Wahlenb.) Graebn.
(=Tryphane rubella (Wahlenb.) Reichenbach.)
Specimens: 83-67, 83-92
Vouchers: 110-1, 110-2, 110-7, 110-11, 110-13, 110-14, 110-15, 110-16,
110-17, 110-20, 110-21, 110-22, 110-23, 110-24, 110-25, 110-28, 110-30,
110-33, 110-35, 110-36, 110-38
All

Muscaria sileneflora Sternb.
See Saxifraga caespitosa

Nardosmia frigida (L.) Hook.
See Petasites frigidus

Novosieversia glacialis (Adams) F. Bolle
(=Geum glaciale Adams)
Specimens: 83-184, 86-32
KD

Oligosporus groenlandicus (Hornem.) Love & Love
Eodwirgialrheralin,
Specimens: 83-184, 86-32
KD

Oligosporus groenlandicus (Hornem.) Love & Love
See Artemisia borealis

Orthilia secunda (L.) House ssp. obtusata (Turcz.) Bocher

(=Pyrola secunda L. ssp. obtusata (Turcz.) Hult.)

New regional record; fairly common on pingos but scattered elsewhere.
Specimens: 164-8, 164-9, 164-16, 164-18, 164-19, 164-28, 164-29, 164-30,
164-35, 164-37, 164-38

Vouchers: 84-125

Al

Oxyria digyna (L.) Hill
Specimens: 83-86
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Vouchers: 111-3, 111-9, 111-10, 111-11, 111-13, 111-21, 111-38
PB,KP,KD

Oxytropis arcticaR. Br.
The name is used here in the broadest sense and includes two distinct
morphological types that appear to be ecologically distinct as well. Only
specimen nos. 84-88 and 112-13, from Pingos 7 and 13, represent O. arctica in
the strict sense. These are gravelly alpine-like sites, and these plants have one
to three large blue flowers and distinct "sausage-like processes” (Hultén 1968)
on the stipules. Specimens from other sites have three to eight small flowers,
indistinct or no processes on the stipules, and red peduncles. This second form
is virtually indistinguishable from a white-flowered variety of O. campestris
when in fruit. This type has an extremely caespitose growth form, while the
specimens of O. arctica s.s. are more erect. More work is needed on this group
before the proper names can be determined, and therefore while they have been
placed together in the relevé data, careful work may reveal two or three distinct
species in this complex.
Specimens: 83-42, 83-102, 84-12, 84-57, 84-35, 84-71, 84-83, 84-88, 84-90,
84-100, 84-187, 84-188
Vouchers: 112-7, 112-13, 112-32, 119-15
All

Oxytropis campestris (L.) DC. ssp. gracilis (Nels.) Hult.
Specimens: 84-193
Vouchers: 118-7, 118-14, 118-20, 118-22, 118-24, 118-25, 118-26, 118-27,
118-28, 118-29, 118-30, 118-31, 118-32, 118-33, 118-34, 118-37, 118-39
PB,KP,TR

Oxytropis campestris (L.) DC. ssp. jordalii (Pors.) Hult.
See O. jordalii

Oxytropis campestris (L.) DC. var. varians (Rydb.) Barneby
Vouchers: 113-7,113-28, 113-29
TR

Oxytropis deflexa (Pall.) DC. var. foliolosa (Hook.) Barneby
Specimens: 83-44, 84-113
Vouchers: 115-23, 115-34, 115-38
PB,KP,KD

Oxytropis jordalii Porsild
(=Oxytropis campestris (L.) DC. ssp. jordalii (Pors.) Hult.)
Specimens: 83-148, 84-91, 84-124, 84-160
Vouchers: 114-7, 114-13, 114-15, 114-16, 114-17, 114-20, 114-22, 114-24,
114-25, 114-27, 114-29, 114-30, 114-31, 114-32, 114-37, 114-39, 121-17,
(SOLIropis éampestris (L.) VL. ssp. Jordatu (Pors.) Hult.)
Specimens: 83-148, 84-01, 84-124, 84-160
Vouchers: 114-7, 114-13, 114-15, 114-16, 114-17, 114-20, 114-22, 114-24,
114-25, 114-27, 114-29, 114-30, 114-31, 114-32, 114-37, 114-39, 121-17,
121-39, 122-28
PB,KP,TR

Oxytropis maydelliana Trautv.
Specimens: 83-45, 84-48
Vouchers: 116-3, 116-8, 116-11, 116-14, 116-15, 116-18, 116-19, 116-23,
116-24, 116-25, 116-26, 116-29, 116-30, 116-34, 116-35, 116-37, 116-38
All

Oxytropis nigrescens (Pall.) Fisch. ssp. bryophila (Greene) Hult.
Specimens: 83-43
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Vouchers: 117-2, 117-3, 117-7, 117-8, 117-11, 117-13, 117-14, 117-15,
117-16, 117-17, 117-18, 117-19, 117-22, 117-23, 117-26, 117-31, 117-33,
113&17-34, 117-35, 117-36, 117-38, 117-39

Oxytropis nigrescens (Pall.) Fisch. ssp. pygmaea Hult.
Specimens: 84-189
TR

Papaver hultenii Knaben var. hultenii
D. Murray (pers. comm.) considers P. hultenii as doubtfully distinct from P.
lapponicum. On Kadleroshilik Pingo (no. 41), there was a pink-flowered type
(see below) which was distinct from P. lapponicum in its capsule shape as well.
Only one yellow-flowered specimen was considered to be closer to the P.
hultenii type than to P. lapponicum.
Specimens: 84-18
PB

Papaver hultenii Knaben var. salmonicolor Hult.
See comments under P. h. var. hultenii above.
Specimens: 86-4
KD

Papaver lapponicum (Tolm.) Nordh. ssp. occidentale (Lundstr.) Knaben
Specimens: 84-34
Vouchers: 125-11, 125-13, 125-14, 125-16, 125-18, 125-19, 125-20, 125-
21, 125-23, 125-24, 125-25, 125-33, 125-35, 125-36, 125-38, 125-40, 126-
}\11’ 126-17, 126-18, 126-21, 126-24

Papaver lapponicum (Tolm.) Nordh. ssp. porsildii Knaben
Specimens: 83-231
KD

Papaver macounii Greene var. discolor Hult.
Specimens: 83-69, 84-8, 84-173, 84-204
Vouchers: 124-9, 124-10, 124-11, 124-17, 124-20, 124-23, 124-25, 124-30,
124-31, 124-37, 124-38, 124-39, 124-40, 126-11, 127-1, 127-4, 127-11,
127-12, 127-14, 127-15, 127-16, 127-17, 127-18, 127-19, 127-20, 127-21,
127-22, 127-23, 127-24, 127-25, 127-26, 127-27, 127-28, 127-29, 127-30,
11317-32, 127-33, 127-34, 127-35, 127-36, 127-37, 127-38, 127-39, 127-40

Parnassia kotzebuei Cham. & Schlecht.

Specimens: 83-224, 84-172
Xﬁn{‘hprc' 17R.27

Parnassia kotzebuei Cham. & Schlecht.
Specimens: 83-224, 84-172
Vouchers: 128-37
KD, TR

Parrya nudicaulis (L.) Regel
Specimens: 83-131, 84-9, 84-27
Vouchers: 129-1, 129-4, 129-6, 129-10, 129-14, 129-15, 129-16, 129-17,
129-18, 129-19, 129-20, 129-21, 129-22, 129-23, 129-24, 129-25, 129-27,
129-28, 129-29, 129-30, 129-31, 129-32, 129-34, 129-36, 129-37, 129-38,
129-40
All

Pedicularis capitata Adams
Specimens: 83-111, 84-29
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Vouchers: 130-1, 130-5, 130-8, 130-9, 130-10, 130-11, 130-13, 130-14,
130-15, 130-16, 130-17, 130-19, 130-20, 130-21, 130-22, 130-23, 130-24,
130-25, 130-26, 130-27, 130-28, 130-29, 130-30, 130-31, 130-32, 130-33,
130-34, 130-35, 130-36, 130-37, 130-38, 130-39

All

Pedicularis kanei Durand ssp. kanei
See P. lanata

Pedicularis lanata Cham. & Schlecht.
(=Pedicularis kanei Durand)
Specimens: 83-182, 84-1, 84-28
Vouchers: 113-19b, 131-5, 131-8, 131-12, 131-13, 131-14, 131-15, 131-16,
131-17, 131-18, 131-19, 131-20, 131-21, 131-22, 131-23, 131-24, 131-25,
131-28, 131-30, 131-33, 131-34, 131-35, 131-36, 131-37, 131-38, 131-39,
131-40, 133-5
All

Pedicularis langsdorffi Fisch. ssp. arctica (R. Br.) Pennell
Vouchers: 132-11
KP,KD

Pedicularis sudetica (Willd.) Hult.
Specimens: 83-75, 83-228
Vouchers: 133-5, 133-7, 133-12, 133-19, 133-21, 133-23, 133-25, 133-27,
133-32, 133-39
Al

Pedicularis verticillata L.
TR

Pentaphylloides floribunda (Pursh) Love & Love
(=Potentilla fruticosa L.)
Specimens: 84-166
Vouchers: 155-29 TR

Petasites frigidus (L.) Franch.
(=Nardosmia frigida (L.) Hook.)
Specimens: 84-2
Vouchers: 135-1, 135-9, 135-11, 135-19, 135-21, 135-37, 135-39
All

Phippsia algida (Soland.) R. Br.
Specimens: 83-254, 83-270, 86-26, 86-37
KP KD

Phlox sibirica L. ssp. sibirica
Specimens: 83-160, 84-181
Vouchers: 136-7
KD, TR

Poa alpigena (E. Fries) Lindm.
(=P. rigens Hartm.)
Specimens: 83-64, 83-77, 83-125, 84-74
Vouchers: 138-1, 138-3, 138-6, 138-8, 138-10, 138-12, 138-13, 138-15,
138-20, 138-21, 138-23, 138-24, 138-32, 138-33, 140-6, 140-13, 140-15
Al
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Poa arctica R. Br. ssp. arctica
Specimens: 83-74, 83-129
Vouchers: 138- 11 138-14, 138-16, 138-19, 138-22, 138-25a, 138-31, 139-
20, 139-21, 139- 22 139- 23 141-1, 141-3, 141-7, 141- 8, 141- 12, 141-18,
141- 19, 141- 21, 141- 25, 141-28, 141-29, 141- 30, 141-33, 141-34, 141-35,
Xllll -36, 141-37, 141-38, 141-40, 144-9

Poa glauca M. Vahl
Specimens: 83-32, 83-167a, 83-217, 84-195, 86-9, 86-23
Vouchers: 138- 25b 139-13, 139- 14 139-15, 140-33, 141-16, 141-17, 141-
28b, 141-29b, 142-3, 143-3, 143-7, 143-8, 143-9, 143-10, 143-11, 143- 17,
143-20, 143- 25 143- 26, 143-29, 143 30, 143- 32 144-3, 144- 36 145-1,
11;]115 -3, 145-4, 147-20, 148- 10, 149-20

Poa lanata Scribn. & Merr.
Specimens: §3-165
Vouchers: 141-9, 141-11, 144-7, 144-11, 144-18, 144-33
KP KD, TR

Poa malacantha Kom.
Specimens: 83-78, 83-252
PB,KP

Poa pratensis L.
Vouchers: 146-6, 146-8
Al

Poa rigens Hartm.
See P. alpigena

Polemonium acutiflorum Willd.
Specimens: 83-146, 83-179, 83-185, 83-210, 84-211

Vouchers: 151-10, 151-30, 151-33, 151- 34, 141-37, 141-40
KP,KD,TR

Polemonium boreale Adams
Specimens: 83-59, 84-26
chlmchcrs: 152-8, 152-9, 152-13, 152-14, 152-15, 152-18, 152-20, 152-22

Polygonum bistorta L. ssp. plumosum (Small) Hult,
See Bistorta plumosa

Polygonum viviparum L.
See Bistorta vivipara

Potentilla biflora Willd.
Specimens: 86-1
KD

Potentilla fruticosa L.
See Pentaphylloides floribunda

Potentilla hookerigna Lehm. ssp. chamissonis (Hult.) Hult.
Specimens: 83-121, 83-151, 84-99
KD
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Potentilla hookeriana Lehm. ssp. hookeriana var. hookeriana
Specimens: 83-29, 86-8, 84-23, 84-61, 84-87, 84-171, 84-182
Vouchers: 156-8, 156-9, 156-11, 156-15, 156-19, 156-20, 156-21, 156-28,
156-30, 162-9, 162-33
All

Potentilla hyparctica Malte
Vouchers: 157-12 157-18 157-24 157-25, 161-11
PB,KP,KD

Potentilla nivea L.
New coastal plain record.
Specimens: 83-201
KD

Potentilla pulchella R. Br. .

As defined here, this species includes a morphological type that is densely
caespitose, with very small leaves and mat-like growth habit, and at first glance
it appears to be a distinct species (listed under specimens nos. as "small type").
Its ecology is very close to more typical forms of P. pulchella, as it is generally
limited to coastal sites. It has not yet been determined if it should be given
status as a new species, a new variety or subspecies of P. pulchella, or if it is
simply an ecotype of P. pulchella.

Specimens: 83-53, 83-61, 84-15, 84-97, 84-112, 84-219; small type: 83-107,
84-110, 84-134

Vouchers: 158-12, 158-16, 158-21, 158-22

PB,KP

Potentilla uniflora Ledeb.

There was considerable confusion surrounding this species in this study. The
two most common Potentillas encountered were P. hookeriana and P. uniflora.
P. hookeriana generally has two or more small flowers and a branched
inflorescence, while P. uniflora has one or occasionally two larger flowers with
an orange center. There was a distinct form present on the pingos that is most
similar to P. beringensis Yurtsev, a Beringian species characterized by having
marcescent chestnut stipules (as opposed to dark brown in typical P. uniflora)
and a caespitose growth form. Typical P. uniflora was also found. The P.
beringensis type may represent a hybrid or ecotype rather than a distinct
species. This type was usually listed in field notes as P. uniflora, but was
probably also called P. hookeriana on occasion. It is listed here under P.
umﬂora um:ll Lhere is sufficient evidence to separate it as a distinct species.

vvvvvv v vTis mitecey AaGeva tes sadane arveoy ooia 3 vrrg ety cres o
probably also called P. hookeriana on occasion. It is listed here under P.
uniflora until there is sufficient evidence to separate it as a distinct species.
Specimens: 83-62, 83-120, 83-230, 84-21, 84-33, 84-86, 86-7

Vouchers: 159-1, 159-3, 159-9, 159-11, 159-13, 159-14, 159-15, 159-17,
159-22, 159-36, 160-11

Primula borealis Duby
KP

Puccinellia andersonii Swallen
Specimens: 83-251
PB,KP

Puccinellia angustata (R. Br.) Rand & Redf.
Vouchers: 137-12
PB,KP
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Puisatilla patens (L.) Mill. subsp. multifida (Pritz.) Zamels
New coastal plain record.
Specimens: 86-15
KD

Pyrola asarifolia Michx. var. purpurea (Bunge) Fern.
New regional record; rare on the north slope.
Specimens: 83-173, 84-169
KD, TR

Pyrola grandiflora Radius
Specimens: 83-198, 84-126
Vouchers: 163-9, 163-10, 163-20, 163-25, 163-26, 163-28, 163-29, 163-30,
164-34
KP,KD, TR

Pyrola secunda L. ssp. obtusata (Turcz.) Hult.
See Orthilia secunda ssp. obtusata

Ranunculus hyperboreus Rottb, ssp. hyperboreus
Specimens: 86-3, 86-34
KP,KD

Ranunculus nivalis L.
Specimens: 83-110, 86-35
Vouchers: 165-11, 165-13
PB,KP,KD

Ranunculus pedatifidus Sm. ssp. affinis (R. Br.) Hult.
Specimens: 83-38, 8§3-219, 84-17, 84-103
Vouchers: 166-3, 166-12, 166-13, 166-14, 166-15, 166-16, 166-17, 166-18,
166-19, 166-20, 166-21, 166-22, 166-23, 166-24, 166-25, 166-33, 166-34,
166-36, 166-38, 166-40
All

Ranunculus pygmaeus Wahlenb. ssp. pygmaeus
New regional record.
Specimens: 83-269, 86-28, 86-36
KP,KD

Rhododendron lapponicum (L.) Wahlenb.
Specimens: 83-141
Vouchers: 167-26, 167-27, 167-28, 167-29, 167-30, 167-31, 167-37
TR
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Vouchers: 167-26, 167-27, 167-28, 167-29, 167-30, 167-31, 167-37
TR

Rubus chamaemorus L.
Specimens: 84-130
KP

Rumex arcticus Trautv.
Specimens: 84-68
TR

Sagina intermedia Fenzl

Listed by Walker (1985) as infrequent on river gravels and pingos, but not
recognized on pingos in this study.

Salix arbusculoides Anderss.
Specimens: 84-174
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Vouchers: 168-10
KD, TR

Salix arctica Pall. arctica
Specimens: 84-6, 84-63
Vouchers: 169-21, 169-22, 169-24, 169-25, 169-26, 169-27, 169-40
Al

Salix brachycarpa Nutt. ssp. niphoclada (Rydb.) Argus
(=S. niphoclada Rydb.)
Specimens: 83-226, 84-81, 84-151, 84-155
Vouchers: 170-8, 170-9, 170-10, 170-27, 170-28, 170-31, 170-32
PB,KD,TR

Salix fuscescens Anderss.
Vouchers: 172-34
KP

Salix glauca L.
Specimens: 83-156, 83-207, 84-62, 84-148, 84-149, 84-152, 84-157, 84-
158, 84-159, 84-167, 84-184, 84-197a
Vouchers: 170-20, 170-29, 170-30, 170-37, 173-7, 173-10, 173-11, 173-21,
173-25, 173-26, 173-27, 173-28, 173-29, 173-30, 173-31, 173-32, 173-33,
173-34, 173-37, 173-39 .
All

Salix hastata L.
Specimens: 83-206
Vouchers: 171-10
KD

Salix lanata L. ssp. richardsonii (Hook.) A. Skortz.
Specimens: 84-150, 84-156
Vouchers: 174-15, 174-20, 174-28, 174-29, 174-30, 174-32, 174-37
KD, TR

Salix niphoclada Rydb.
See S. brachycarpa ssp. niphoclada

Salix ovalifolia Trautv. var. ovalifolia
Specimens: 83-256, 84-82
Vouchers: 175-11, 175-21, 175-36
KP,KD

Salix phlebophylla Anderss.
Specimens: 83-183
Vouchers: 176-8, 176-9, 176-11, 176-16, 176-22, 176-24
PB,KP,KD

Vouchers: 175-11, 175-21, 175-36
KP,KD

Salix phlebophylla Anderss.
Specimens: 83-183
Vouchers: 176-8, 176-9, 176-11, 176-16, 176-22, 176-24
PB,KP,KD

Salix planifolia Pursh ssp. pulchra (Cham.) Argus .
(=S. pulchra Cham.)
Specimens: 83-205
Vouchers: 177-9, 177-10, 177-11, 177-21, 177-32, 177-37
KP,KD,TR

Salix polaris Wahlenb.
Uncertain determination; not previously reported from the north slope.
Specimens: 83-229
XPp

Salix pulchra Cham.
See S. planifolia ssp. pulchra

Salix reticulata L. ssp. reticulata
Specimens: 83-37, 84-7
Vouchers: 11-23, 178-1, 178-7, 178-9, 178-10, 178-11, 178-13, 178-14,
178-15, 178-16, 178-17, 178-18, 178-19, 178-20, 178-21, 178-22, 178-23,
178-24, 178-25, 178-26, 178-27, 178-28, 178-29, 178-30, 178-31, 178-32,
178-33, 178-34, 178-35, 178-36, 178-37, 178-38, 178-39, 178-40
Al

Salix rotundifolia Trautv. ssp. rotundifolia
Specimens: 83-36
Vouchers: 179-1, 179-4, 179-8, 179-9, 179-11, 179-12, 179-13, 179-14,
179-15, 179-16, 179-17, 179-18, 179-19, 179-20, 179-21, 179-22, 179-23,
179-24, 179-25, 179-31, 179-33, 179-34, 179-35, 179-36, 179-37, 179-38,
179-39, 179-40
All

Saussurea angustifolia (Willd.) DC.
Specimens: 83-142
Vouchers: 181-1, 181-8, 181-9, 181-10, 181-11, 181-14, 181-15, 181-16,
181-18, 181-19, 181-21, 181-23, 181-24, 181-26, 181-27, 181-28, 181-29,
181-30, 181-31, 181-32, 181-37, 181-38, 181-39, 181-40
All

Saxifraga bronchialis L. ssp. funstonii (Small) Hult.
(=Ciliaria funstonii (Small) Weber)
Specimens: 83-203, 86-12
Vouchers: 189-9
All

Saxifraga caespitosa L.
(=Muscaria sileneflora Sternb.)
Specimens: 83-106, 84-30, 84-199
Vouchers: 182-12, 182-16, 182-18, 182-19, 182-20, 182-24, 182-25, 182-
33, 182-35, 182-38
PB,KD

Saxifraga cernua L.
Specimens: 83-176, 83-250, 84-132
Vouchers: 183-§, 183-12, 183-18, 183-24, 183-25, 183-40
All

Saxifraga davurica Willd. ssp. grandipetala (Engler & Irmsch.) Hult.
Specimens: §6-27
KD

Specimens: 83-176, 83-250, 84-132
Vouchers: 183-8, 183-12, 183-18, 183-24, 183-25, 183-40
All

Saxifraga davurica Willd. ssp. grandipetala (Engler & Irmsch.) Hult.
Specimens: §6-27
KD

Saxifraga hieracifolia Waldst. & Kit,
Specimens: 83-177
Vouchers: 184-8, 184-12, 184-19, 184-20, 184-21, 184-23, 184-25, 184-35
All

Saxifraga hirculus L.
(=Hirculus prorepens (Fisch. ex Sternberg) Weber)
Specimens: 83-133
Vouchers: 185-10, 185-16, 185-18, 185-19, 185-21, 185-33, 185-35
All



Saxifraga nelsoniana D. Don

(=Micranthus nelsoniana (D. Don) Small; Saxifraga puncrata L. ssp.

nelsoniana (D. Don) Hult.)

Specimens: 83-178

Vouchers: 187-8, 187-9, 187-10, 187-33
All

Saxifraga nivalis L.
New regional record; only a few localities on the north slope.
Specimens: 84-32
PB

Saxifraga oppositifolia L. ssp. oppositifolia
(=Antiphylla oppositifolia (L.) Fourr.)
Specimens: 84-85
Vouchers: 186-1, 186-7, 186-12, 186-13, 186-14, 186-15, 186-16, 186-17,
186-18, 186-19, 186-20, 186-21, 186-22, 186-23, 186-24, 186-25, 186-26,
186-27, 186-29, 186-30, 186-31, 186-32, 186-33, 186-34, 186-35, 186-36,
186-37, 186-38, 186-39, 186-40
All

Saxifraga punctata L. ssp. nelsoniana (D. Don) Hult.
See S. nelsoniana

Saxifraga reflexa Hook.
New coastal plain record; an alpine plant.
Specimens: 86-10
KD

Saxifraga rivularis L. var. rivularis
Specimens: 83-268, 86-29, 86-38
KP,KD,TR

Saxifraga tricuspidata Rottb.
(=Ciliaria tricuspidata (Retz.) Weber)
Specimens: 83-202, 84-117
Vouchers: 188-9, 188-11
PB,KD

Selaginella sibirica (Milde) Heiron.
Specimens: 83-234
Vouchers: 190-11
KD

Senecio atropurpureus (Ledeb.) Fedtsch. ssp. frigidus (Richards.) Hult.
(=Tephroseris atropurpureus (Ledeb.) Love & Love)
Specimens: 23 21.
Vouchers: 190-11
KD

Senecio atropurpureus (Ledeb.) Fedtsch. ssp. frigidus (Richards.) Hult.
(=Tephroseris atropurpureus (Ledeb.) Love & Love)
Specimens: 83-71
Vouchers: 191-1, 191-8, 191-10, 191-12, 191-15, 191-16, 191-17, 91-18,
191-19, 191-20, 191-21, 191-22, 191-23, 191-24, 191-25, 191-26, 191-28,
191-29, 191-30, 191-32, 191-33, 191-34, 191-35, 191-36, 191-37, 191-38,
191-39, 191-40
All

Senecio congestus (R. Br.) DC.
KD

N2A

Senecio hyperborealis Greenm.
Specimens: 86-11
KD

Senecio lugens Richards.
Specimens: 83-47, 84-51, 86-18
PB,DK, TR

Senecio resedifolius Less.
Specimens; 83-115, 83-149, 84-141, 84-16
Vouchers: 192-3, 192-7, 192-11, 192-14, 192-15, 192-24, 192-26, 192-27,
192-28, 192-32, 192-39
All

Silene acaulis L.
Specimens: 83-85
Vouchers: 193-7, 193-8, 193-11, 193-12, 193-13, 193-14, 193-15, 193-16,
193-17, 193-18, 193-19, 193-20, 193-22, 193-23, 193-24, 193-26, 193-27,
193-28, 193-29, 193-30, 193-31, 193-32, 193-33, 193-34, 193-35, 193-37,
193-38, 193-39, 193-40
All

Silene involucrata (Cham. & Schlect.) Bocq.
See Gastrolychnis affinis

Silene wahlbergella Chawd. ssp. arctica (Fr.) Hult.
See Gastrolychnis apetala

Solidago multiradiata Ait. var. multiradiata
Specimens: 84-164
TR

Stellaria laeta Richards.
Listed as frequent on pingos by D.A. Walker (1985), who did not list Stellaria
longipes at all. This is undoubtedly the same species recognized as S. longipes
in the present study.

Stellaria longipes Goldie
Specimens: 83-145, 83-216, 84-93
Vouchers: 194-7, 194-8, 194-9, 194-10, 194-11, 194-12, 194-13, 194-14,
194-15, 194-16, 194-17, 194-18, 194-19, 194-20, 194-21, 194-23, 194-24,
194-25, 194-29, 194-30, 194-31, 194-32, 194-33, 194-34, 194-35, 194-36,
194-37, 194-38, 194-39, 194-40
All

Stellaria umbellata Turcz.
Specimens: 86-25
m"") AL ALY As MUy A D WA A L ey A
194-37, 194-38, 194-39, 194-40
All

Stellaria umbellata Turcz.
Specimens: 86-25
KD

Taraxacum ceratophorum (Ledeb.) DC.
Specimens: 86-6
Vouchers: 195-3, 195-20, 195-39
PB,KP, KD

Taraxacum phymatocarpum J. Vahl
Specimens: 84-13

Vouchers: 195-17, 196-5, 196-12, 196-13, 196-14, 196-17, 196-22, 196-36
All
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Tephroseris atropurpureus (Ledeb.) Love & Love
See Senecio atropurpureus

Thalictrum alpinum L.
Specimens: 84-183
Vouchers: 197-7, 197-26, 197-37
TR

Theroforon richardsonii Hook.
See Boykinia richardsonii

Tofieldia coccinea Richards.
New regional record; common in the foothills.
Specimens: 83-158
Vouchers: 198-7, 198-26, 198-28, 198-29, 198-31, 198-37
KD, TR

Tofieldia pusilla (Michx.) Pers.
Specimens: 83-159, 84-136
Vouchers: 199-7, 199-26, 199-30, 199-31, 199-32
KD,TR

Trisetum spicatum (L.) Richter
Specimens: 83-55, 83-65, 84-22
Vouchers: 200-3, 200-8, 200-11, 200-13, 200-14, 200-15, 200-17, 200-19,
1(1)10-20, 200-21, 200-22, 200-25, 200-33, 200-36, 200-37

Tryphane rubella (Wahlenb.) Reichenbach.
See Minuartia rubella

Vaccinium gaultherioides Bigelow
See Vaccinium uliginosum ssp. microphyllum

Vaccinium uliginosum L. ssp. microphyllum Lange
(=Vaccinium gaultherioides Bigelow)
Specimens: 83-140
Vouchers: 202-8, 202-9, 202-10, 202-11, 202-24, 202-26, 202-27, 202-28,
12\(1)12-29, 202-30, 202-31, 202-32, 202-34, 202-37

Vaccinium vitis-idaea L. ssp. minus (Lodd.) Hult.
Specimens: 83-172, 84-128
Vouchers: 203-9
KD

L84

“Vouchers: 203-9"
KD

Valeriana capitata Pall.
Specimens: 83-60, 83-223
PB,KD

Zygadenus elegans Pursh
New regional record, scattered localities on the northern coastal plain.
Specimens: 84-208
Vouchers: 204-37
TR
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Lichens

Alectoria nigricans (Ach.) Nyl
Vouchers: 300-1, 300-2, 300-3, 300-4, 300-5, 300-6, 300-7, 300-8, 300-9,
300-10, 300-11, 300-12, 300-13, 300-14, 300-15, 300-16, 300-17, 300-18,
300-19, 300-20, 300-21, 300-23, 300-24, 300-25, 300-26, 300-27, 300-28,
300-29, 300-30, 300-31, 300-32, 300-33, 300-34, 300-35, 300-36, 300-38,
300-40, 300-41, 303-7, 303-26, 303-32, 303-35, 303-38
All

Alectoria ochroleuca (Hoffm.) Mass.
Vouchers: 301-7, 301-8, 301-13, 301-16, 301-18, 301-19, 301-24, 301-26,
301-27, 301-30, 301-31, 301-32, 301-35, 301-41
Al

Asahinea chrysantha (Tuck.) W.L. & C.F. Culb.
Vouchers; 302-7, 302-13, 302-15, 302-16, 302-18, 302-23, 302-24, 302-26,
302-28, 302-38, 302-40, 302-41
All

Buellia punctata (Hoffm.) Mass.
Vouchers: 387-8, 387-12, 387-13, 387-16, 387-18, 387-19, 387-20, 387-21,
387-23, 387-24, 387-26, 387-29, 387-30, 387-31, 387-32, 387-34, 387-35,
387-38, 387-39, 387-40, 387-40
All

Caloplaca cinammonea (Th. Fr.) Oliv.
Vouchers: 304-18
PB

Caloplaca holocarpa (Hoffm.) Wade
Vouchers: 305-1, 305-2, 305-3, 305-4, 305-6, 305-10, 305-12, 305-13, 305-
14, 305-15, 305-16, 305-18, 305-19, 305-20, 305-22, 305-23, 305-24, 305-
25, 305-26, 305-29, 305-30, 305-31, 305-32, 305-33, 305-34, 305-35, 30s-
36, 305-38, 305-39, 305-40
All

Caloplaca stillicidiorum (Vahl) Lynge
Vouchers: 306-1, 306-4, 306-8, 306-10, 306-11, 306-12, 306-13, 306-15,
306-16, 306-17, 306-20, 306-23, 306-25, 306-26, 306-31, 306-33, 306-34,
306-37, 306-38, 306-39, 306-41
All

306287, 06, 306739, 306-41
All

Caloplaca tiroliensis Zahlbr,
Vouchers: 307-2, 307-11, 307-12, 307-14, 307-16, 307-18, 307-20, 307-22,
307-23, 307-25, 307-33, 307-36
PB,KP,TR

Caloplaca tornoénsis Magn.
Not previously recorded in this area; specimens were not expertly verified.
Vouchers: 388-1, 388-11, 388-35
PB,KP,TR

Cetraria andrejevii Oksn.
Not previously recorded in this area; specimens were not expertly verified.
Vouchers: 308-19, 308-40
KP
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Cetraria cucullata (Bell.) Ach.
Vouchers: 309-1, 309-2, 309-3, 309-4, 309-5, 309-6, 309-7, 309-8, 309-9,
309-10, 309-11, 309-12, 309-13, 309-14, 309-15, 309-16, 309-17, 309-18,
309-19, 309-20, 309-21, 309-22, 309-23, 309-24, 309-25, 309-26, 309-27,
309-28, 309-29, 309-30, 309-31, 309-32, 309-33, 309-34, 309-35, 309-36,
309-37, 309-38, 309-39, 309-40, 309-41
All

Cetraria delisei (Bory ex Schaer.) Th. Fr.
Vouchers: 310-1, 310-2, 310-3, 310-5, 310-8, 310-12, 310-13, 310-16, 310-
19, 310-23, 310-24, 310-32, 310-34, 310-36, 310-38, 310-39
All

Cerraria fastigiata (Del. ex Nyl. in Norrl.) Kirnef.
Not previously recorded in this area; specimens were not expertly verified.
Vouchers: 311-8,311-20, 311-41
KP,KD

Cetraria islandica (L.) Ach. ssp. crispiformis (Rds.) Kdrnef.
Not previously recorded in this area; specimens were not expertly verified.
Vouchers: 312-8, 312-25, 312-28, 312-30, 312-34, 312-35, 312-38, 312-40,
312-41
KP.KD,TR

Cetraria islandica (L.) Ach. ssp.
Vouchers: 313-1, 313-2, 313-3, 313-4, 313-5, 313-6, 313-7, 313-8, 313-9,
313-10, 313-11, 313-12, 313-13, 313-14, 313-15, 313-16, 313-17, 313-18,
313-19, 313-20, 313-21, 313-22, 313-23, 313-24, 313-25, 313-26, 313-27,
313-28, 313-29, 313-30, 313-31, 313-32, 313-33, 313-34, 313-35, 313-36,
313-37, 313-38, 313-39, 313-40, 313-41
All

Cetraria aevigata Rass.

Not previously recorded in this area; specimens were not expertly verified.
Vouchers: 314-2, 314-8, 314-9, 314-11, 314-12, 314-16, 314-18, 314-19,
314-21, 314-22, 314-24, 314-30, 314-34, 314-35, 314-37, 314-38, 314-40,
314-41 All

Cetraria nivalis (1.) Ach.
Vouchers: 315-1, 315-2, 315-3, 315-4, 315-5, 315-6, 315-7, 315-8, 315-9,
315-10, 315-11, 315-12, 315-13, 315-14, 315-15, 315-16, 315-17, 315-18,
315-19, 315-20, 315-21, 315-22, 315-23, 315-24, 315-25, 315-25, 315-27,
315-28, 315-29, 315-30, 315-31, 315-32, 315-33, 315-34, 315-35, 315-36,
315-37, 315-38, 315-39, 315-40, 315-41
All

Cotvogadsilesii Ache ., o ae =) v ae o) w o I .
315-10, 315-11, 315-12, 315 13 315- 14 315 15 315 16 315- 17 315- 18
315-19, 315-20, 315-21, 315-22, 315-23, 315-24, 315-25, 315-25, 315-27,
315-28, 315—29, 315-30, 315-31, 315-32, 315-33, 315-34, 315-35, 315-36,
315-37, 315-38, 315-39, 315-40, 315-41
All

Cetraria tilesii Ach.
Vouchers: 316-3, 316-4, 316-5, 316-7, 316-14, 316-15, 316-26, 316-27,
316-29, 316-30, 316-31, 316-32
PB, TR

Cladonia acuminata (Ach.) Nortl.
Not previously recorded in this area; specimens were-not expertly verified.
Vouchers: 317-9, 317-10
KD

Cladonia amaurocraea (Flvrke) Schaer.
Vouchers: 318-8, 318-25, 328-9
KP,KD

Cladonia arbuscula (Wallr.) Rabenh.
Not previously recorded in this area; specimens were not expertly verified.
Vouchers: 319-19, 319-24
XP

Cladonia chlorophaea (Flvrke) Spreng.
Not previously recorded in this area but collected from Pt. Barrow and common
in the northern foothills; specimens were not expertly verified.
Vouchers: 320-8, 320-9, 320-10, 320-11, 320-18, 320-21, 320-24, 320-25,
320-26, 320-28, 320-29, 320-30, 320-31, 320-32, 320-33, 320-34, 320-35,
320-37, 320-41
All

Cladonia ecmocyna Leight.
Not previously recorded in this area but known from other coastal plain regions;
specimens were not expertly verified.
Vouchers: 321-8, 321-9, 321-10, 321-11, 321-12, 321-13, 321-16, 321-18,
321-19, 321-20, 321-28, 321-29, 321-30, 321-33, 321-41
All

Cladonia fimbriata (L.) Fr.
Not previously recorded in this area but occurs in the northern foothills;
specimens were not expertly verified.
Vouchers: 322-9, 322-10, 322-23, 322-25, 322-26, 322-27, 322-28, 322-32,
322-37, 322-39, 322-41
XP,KD, TR

Cladonia gracilis (L.) Willd.
Vouchers: 323-8, 323-9, 323-10, 323-11, 323-24, 323-29, 323-32, 323-34,
323-35, 323-37, 323-40, 323-41
KP.KD,TR

Cladonia phyllophora Hoffm.
Vouchers: 324-29
TR

Cladonia pocillum (Ach.) O. Rich.
Vouchers: 325-1, 325-2, 325-3, 325-4, 325-6, 325-7, 325-8, 325-9, 325-10,
325-11, 325-12, 325-13, 325-14, 325-15, 325-16, 325-17, 325-18, 325-19,
325-20, 325-21, 325-22, 325-23, 325-25, 325-26, 325-27, 325-28, 325-29,
325-31, 325-32, 325-33, 325-35, 325-36, 325-37, 325-38, 325-39, 325-41
All

Cludoriu pucidarm (hal) S maon,
Vouchers: 325-1, 325-2, 325-3, 325-4, 325-6, 325-7, 325-8, 325-9, 325-10,
325-11, 325-12, 325-13, 325-14, 325-15, 325-16, 325-17, 325-18, 325-19,
325-20, 325-21, 325-22, 325-23, 325-25, 325-26, 325-27, 325-28, 325-29,
325-31, 325-32, 325-33, 325-35, 325-36, 325-37, 325-38, 325-39, 325-41
All

Cladonia pyxidata (L.) Hoffm.
Vouchers: 326-2, 326-6, 326-7, 326-9, 326-10, 326-11, 326-12, 326-18,
326-19, 326-21, 326-23, 326-24, 326-25, 326-28, 326-31, 326-32, 326-34,
326-37, 326-39, 326-40, 326-41
All

Cladonia rangiferina (L.) Wigg.
Vouchers: 327-9
KD



Cladonia verticillata (Hoffm.) Schaer.
Not previously recorded in this area, has been found in the foothills region to
the south; specimens were not expertly verified.
Vouchers: 329-10, 329-11
KD

Collema bachmanianum (Fink) Degel.
Vouchers: 330-1, 330-2, 300-3, 330-4, 330-5, 330-8, 330-10, 330-13, 330-
14, 330-16, 330-17, 330-20, 330-21, 330-22, 330-23, 330-31, 330-33, 330-
34, 330-35, 330-36, 330-38, 330-41
All

Collema undulata Laur. ex Flot.
Not previously recorded in this area; specimens were not expertly verified.
Vouchers: 331-9, 331-15, 331-20, 331-26, 331-40, 331-41
KP,KD,TR

Coriscium viride (Ach.) Vain.
Not previously recorded in this area but known from Pt. Barrow; specimens
were not expertly
Vouchers: 333-3, 333-6, 333-7, 333-9, 333-11, 333-13, 333-14, 333-15,
333-26, 333-27, 333-41
All

Cornicularia divergens Ach.
Vouchers: 334-1, 334-2, 334-3, 334-6, 334-7, 334-8, 334-9, 334-11, 344-13,
334-38, 334-39, 334-40, 334-41
All

Dactylina arctica (Hook.) Nyl.
Vouchers: 335-1, 335-2, 335-5, 335-6, 335-8, 335-9, 335-10, 335-11, 335-
12, 335-13, 335-14, 335-15, 335-16, 335-17, 335-18, 335-19, 335-20, 335-
21, 335-22, 335-23, 335-24, 335-25, 335-26, 335-27, 335-28, 335-29, 335-
30, 335-31, 335-32, 335-33, 335-34, 335-35, 335-36, 335-37, 335-38, 335-
39, 335-40, 335-41
All

Dactylina beringica Bird & Thoms.

Not previously recorded in this area; specimens were not expertly verified.
Vouchers: 336-3, 336-4, 336-5, 336-7, 336-8, 336-13, 336-14, 336-15, 336-
17, 336-19, 336-20, 336-21, 336-23, 336-24, 336-26, 336-27, 336-29, 336-
30, 336-31, 336-32, 336-34, 336-36, 336-37, 336-38, 336-39, 336-40, 336-
41

30, 336-31, 336-32, 336-34, 336-36, 336-37, 336-38, 336-39, 336-40, 336-
41

All

Dactylina ramulosa (Hook.) Tuck.
Vouchers: 337-5, 337-8, 337-14, 337-15, 337-16, 337-19, 337-20, 337-23,
337-24, 337-30, 337-33, 337-34, 337-35, 337-38, 337-40, 33741
All

Evernia perfragilis Llano
Vouchers: 339-1, 339-2, 339-3, 339-4, 339-5, 339-6, 339-7, 339-12, 339-13,
339-14, 339-15, 339-17, 339-19, 339-20, 339-33, 339-35, 339-36
All

Fistulariella almquistii (Vain.) Bowler & Rundel
(=Ramalina almquistii Vain,)

240

Vouchers: 340-1, 340-2, 340-3, 340-4, 340-5, 340-6, 340-7, 340-8, 340-9,
340-11, 340-13, 340-14, 340-15, 340-16, 340-17, 340-18, 340-19, 340-20,
340-21, 340-22, 340-23, 340-24, 340-25, 340-26, 340-27, 340-28, 340-29,
340-30, 340-31, 340-32, 340-33, 340-34, 340-35, 340-36, 340-37, 340-38,
340-39, 340-40, 340-41

All

Fistulariella roesleri (Hochst. ex Schaer.) Bowler & Rundel
Not previously recorded north of the Brooks Range.. Det. by J.W. Thomson.
Vouchers: 377-10 377-30
KD, TR

Fulgensia bracteata (Hoffm) Raes.
Vouchers: 341-2, 341-4, 341-6, 341-10, 341-12, 341-13, 341-14, 341-16,
341-17, 341-20, 341-22, 341-36, 341-38, 341-39
PB,KP,KD

Gyalecta foveolaris (Ach.) Schaer.
Vouchers: 404-4, 404-24
PB,KP

Hypogymnia physodes (L.) W. Wats.
Vouchers: 342-13, 342-25
KP

Hypogymnia subobscura (Vain.) Poelt
Vouchers: 343-1, 343-2, 343.-3, 343-4, 343-5, 343-6, 343-7, 343-8, 343-9,
343-11, 343-12, 343-13, 343-14, 343-15, 343-16, 343-17, 343-18, 343-19,
343-20, 343-21, 343-22, 343-23, 343-24, 343-25, 343-26, 343-27, 343-28,
343-29, 343-30, 343-31, 343-32, 343-34, 343-35, 343-36, 343-37, 343-38,
343-39, 343-40, 343-41
All

Lecanora behringii Nyl.
Vouchers: 344-9, 344-10, 344-15, 344-17, 344-19, 344-25, 344-29, 344-32,
344-35, 344-37, 344-38, 344-40
All

Lecanora epibryon (Ach.) Ach.
Vouchers: 345-1, 345-2, 345-3, 345-4, 345-5, 345-6, 345-7, 345-8, 345-9,
345-10, 345-11, 345-12, 345-13, 345-14, 345-15, 345-16, 345-17, 345-18,
345-19, 345-20, 345-21, 345-22, 345-23, 345-24, 345-25, 345-26, 345-27,
345-28, 345-29, 345-30, 345-31, 345-32, 345-33, 345-34, 345-35, 345-36,
345- 37 345-38, 345 39, 345 -40, 345 -41 . e

345-28, 345-29, 34530, 345-31, 345-32, 345-33, 345-34, 345-35. 345-36,
345-37, 345-38, 345-39, 345-40, 345.41
All

Lecanora luteovernalis Brodo
Not previously recorded in this area, degree of range extension is uncertain.
Det. by J.W. Thomson.
Vouchers: 346-1, 346-3, 346-4, 346-6, 346-7, 346-8, 346-12, 346-13, 346-
14, 346-15, 346-16, 346-18, 346-19, 346-20, 346-22, 346-23, 346-24, 346-
25, 346-26, 346-27, 346-29, 346-30, 346-31, 346-32, 346-34, 346-35, 346-
36, 346-37, 346-38, 346-39, 346-40
All

Lecanora verrucosa Ach.
Vouchers: 390-2, 390-3, 390-8, 390-12, 390-13, 390-18, 390-20, 390-21,
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390-22, 390-33, 390-35, 390-36, 390-37, 390-39
PB,KP,KD

Lecidea assimilata Nyl.
VYouchers: 391-3, 391-5, 391-7, 391-12, 391-13, 391-14, 391-16, 391-17,
391-18, 391-20, 391-21, 391-22, 391-23, 391-24, 391-25, 391-27, 391-28,
391-29, 391-32, 391-33, 391-35, 391-36, 391-37, 391-38, 391-39, 391-41
All

Lecidea ramulosa Th. Fr.
Vouchers: 392-3, 392-5, 392-6, 392-13, 392-14, 392-16, 392-18, 392-23,
392-35, 392-40
PB,KP

Lecidea uliginosa (Schrad.) Ach.
Not previously recorded in this area but has been collected at Pt. Barrow;
specimens were not expertly verified.
Vouchers: 393-13, 393-18
PB,KP,KD

Lecidea vernalis (L.) Ach.
Listed as occasional on dry tundra by Walker (1985) but not recorded in this
study. Probably confused with Lecanora luteovernalis Brodo by both authors.

Lepraria membranacea (Dicks.) Vain.
Vouchers: 347-7, 347-13, 347-15, 347-25, 347-26, 347-30, 347-31
KP,TR

Leptogium lichenoides (L.) Zahlbr.
Not previously recorded in this area but collected in northern foothills;
specimens were not expertly verified.
Vouchers: 348-20, 348-25, 348-27, 348-28, 348-36, 348-41
All

Leptogium sinuatum (Huds.) Mass.
Vouchers: 349-4, 349-13, 349-14, 349-17, 349-18, 349-19, 349-20, 349-21,
349-22, 349-24, 349-30, 349-31, 349-33, 349-34, 349-36, 349-37, 349-40,
349-41
All

Lobaria linita (Ach.) Rabenh.
Not previously recorded in this area but known from a number of other coastal
plain locations. Specimens were not expertly verified.
Vouchers: 408-1, 408-25, 408-41
PB,KP,KD

plain locations. Specimens were not expertly verified.
Vouchers: 408-1, 408-25, 408-41
PB,KP,KD

Masonhalea richardsonii (Hook.) Kdmef.
(=Cetraria richardsonii Hook.) )
Vouchers: 350-1, 350-2, 350-3, 350-4, 350-6, 350-7, 350-8, 350-9, 350-11,
350-12, 350-13, 350-14, 350-15, 350-16, 350-18, 350-19, 350-20, 350-21,
350-22, 350-23, 350-24, 350-25, 350-26, 350-28, 350-29, 350-30, 350-31,
350-32, 350-33, 350-34, 350-35, 350-36, 350-37, 350-38, 350-39, 350-40,
350-41
All

Nephroma arctica
Vouchers: 351-9
KD

242

Nephroma expallidum
Vouchers: 352-8, 352-9, 352-11, 352-185, 352-25, 352-31, 352-35, 352-40,
352-41
All

Ochrolechia frigida (Sw.) Lynge
Vouchers: 353-1, 353-2, 353-3, 353-4, 353-6, 353-7, 353-8, 353-9, 356-10,
353-12, 353-13, 353-14, 353-15, 353-16, 353-18, 353-19, 353-20, 353-21,
353-23, 353-24, 353-25, 353-28, 353-29, 353-30, 353-31, 353-32, 353-33,
353-34, 353-35, 353-38, 353-39, 353-40, 353-41
All

Ochrolechia upsaliensis (L.) Mass.
Vouchers: 354-1, 354-2, 354-3, 354-7, 354-8, 354-10, 354-11, 354-13, 354-
14, 354-15, 354-17, 354-18, 354-19, 354-20, 354-21, 354-23, 354-24, 354-
26, 354-27, 354-28, 354-29, 354-30, 354-31, 354-32, 354-33, 354-34, 354-
35, 354-36, 354-37, 354-38, 354-40, 354-41
All

Pannaria pezizoides (Web.) Trev.
Not previously recorded in this area but known from Pt. Barrow and other
coastal plain locations. Specimens were not expertly verified.
Vouchers: 355-10, 355-11, 355-12, 355-18, 355-19, 355-35
PB,KP,KD

Parmelia alpicola Th. Fr.
Vouchers: 409-41
KD

Parmelia omphalodes (L.) Ach.
Vouchers: 356-1, 356-2, 356-7, 356-9, 356-11, 356-13, 356-18, 356-19,
356-23, 356-24, 356-25, 356-34, 356-35, 356-38, 356-40, 356-41
All

Pelrigera aphthosa (L.) Willd.
Vouchers: 357-1, 357-3, 357-5, 357-7, 357-8, 357-9, 357-10, 357-11, 357-
13, 357-14, 357-16, 357-18, 357-19, 357-20, 357-21, 357-22, 357-24, 357-
25, 357-27, 357-28, 357-29, 357-30, 357-32, 357-34, 357-35, 357-38, 357-
40, 357-41
All

Peltigera canina (L.) Willd.
Vouchers: 358-1, 358-2, 358-3, 358-4, 358-5, 358-6, 358-8, 358-9, 358-10,
358-11, 358-12, 358-13, 358-14, 358-15, 358-18, 358-19, 358-20, 358-21,

rett?g%gan’}ﬁg(ld) qufﬁa?: 28Q.7A 282.70 128Q2_2N 28Q_21 282.29 282.277°
Vouchers: 358-1, 358-2, 358-3, 358-4, 358-5, 358-6, 358-8, 358-9, 358-10,
358-11, 358-12, 358-13, 358-14, 358-15, 358-18, 358-19, 358-20, 358-21,
358-22, 358-24, 358-25, 358-26, 358-29, 358-30, 358-31, 358-32, 358-33,
3318—34, 358-35, 358-36, 358-37, 358-38, 358-40, 358-41

Peltigera canina (L.) Willd. £. sorediata Schaer.
(=Peltigera spuria (Ach.) DC.)
Vouchers: 360-9, 360-10, 360-11, 360-14, 360-28, 360-40, 360-41
All

Peltigera canina var. rufescens (Weis.) Mudd
(=Peltigera rufescens (Weis.) Humb.)
Vouchers: 359-1, 359-3, 359-5, 359-7, 359-8, 359-9, 359-10, 359-11, 359-
13, 359-16, 359-21, 359-23, 359-24, 359-26, 359-28, 359-29, 359-33, 359-
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37, 359-39, 359-40
All

Peltigera lepidophora (Nyl.) Vain.
Not previously recorded in the Prudhoe Bay region but known from Franklin
Bluffs in the Kadleroshilik area. Specimens were not expertly identified.
Vouchers: 362-5, 362-8, 362-9, 362-11, 362-12, 362-13, 362-18, 362-20,
362-21, 362-24
PB,KP,KD

Peltigera malacea (Ach.) Funck
Vouchers: 363-1, 363-2, 363-6, 363-8, 363-9, 363-10, 363-11, 363-13, 363-
17, 363-21, 363-23, 363-25, 363-26, 363-28, 363-31, 363-36, 363-37, 363-
41
PB

Peltigera membranacea (Ach.) Nyl.
Not previously recorded in this area; specimens were not expertly verified.
Vouchers: 364-2, 364-10, 364-14
PB,KD

Peltigera polydactyla (Neck.) Hoffm.
Vouchers: 365-8, 365-14
PB,KD

Peltigera scabrosa Th. Fr.
Not previously recorded in the Prudhoe Bay region but known from other
coastal plain locations including Franklin Bluffs; specimens were not expertly
verified.
Vouchers: 366-13, 366-28, 366-40
KP,TR

Peltigera venosa (L.) Baumg,.
Vouchers: 367-8, 367-41
KD

Pertusaria bryontha (Ach.) Nyl.
Not previously recorded at Prudhoe Bay but known to occur at Franklin Bluffs;
specimens were not expertly verified.
Vouchers: 405-8, 405-9, 405-40
KP,KD

Pertusaria coriacea (Th. Fr.) Th. Fr. var. obducens (Nyl.) Vain.
Not previously recorded in this area; specimens were not expertly verified.
Vouchers: 406-15

Pertusaria coriacea (Th. Fr.) Th. Fr. var. obducens (Nyl.) Vain.
Not previously recorded in this area; specimens were not expertly verified.
Vouchers: 406-15
TR

Pertusaria dactylina (Ach.) Nyl.
Vouchers: 369-8, 369-9, 369-19, 369-21, 369-22, 369-24, 369-25, 369-26,
369-29, 369-35, 369-41
All

Pertusaria glomerata (Ach.) Schaer.
Not previously recorded on the North Slope, but Thomson (1979) stated that it
was known from the Aleutian Islands and Northwest Territories and "...fully
expected there [on the North Slope]..." Identification verified by J.W.
Thomson.
Vouchers: 394-10
KD
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Pertusaria pangyra (Ach.) Mass.
Vouchers: 353-11, 371-13, 371-15, 371-18, 371-24, 371-26, 371-30, 371-
31, 371-32, 371-34, 371-41
All

Pertusaria subobducens Nyl.
Vouchers: 373-1, 373-2, 373-3, 373-4, 373-5, 373-6, 373-7, 373-8, 373-9,
373-10, 373-11, 373-13, 373-14, 373-15, 373-17, 373-18, 373-23, 373-24,
213-29, 373-30, 373-31, 373-24

Phaeophyscia constipata Norrl. & Nyl.
Not previously recorded north of the Brooks Range. This is only the third
locality for this species in Alaska, which Thomson (1984) listed as very rare.
Det. by J.W. Thomson.
Vouchers: 395-11
KD

Physcia aipolia (Humb.) Fiirnrohr
Vouchers: 396-10, 396-28, 396-30
KD, TR

Physconia muscigena (Ach.) Poelt
Vouchers: 375-1, 375-2, 375-3, 375-4, 375-5, 375-6, 375-7, 375-8, 375-9,
375-10, 375-10a, 375-11, 375-12, 375-13, 375-14, 375-15, 375-16, 375-17,
375-18, 375-20, 375-21, 375-22, 375-23, 375-24, 375-25, 375-26, 375-21,
375-28, 375-29, 375-30, 375-32, 375-33, 375-34, 375-35, 375-36, 375-37,
375-38, 375-39, 375-40
All

Polyblastia sendtneri Kremph.
Vouchers: 370-18, 370-23, 370-30
PB,KP

Psoroma hypnorum (Vahl) S. Gray
Vouchers: 376-9, 376-10, 376-11, 376-18, 376-22, 376-25
PB,KP,KD

Rinodina mniaraea (Ach.) Korb.
Vouchers: 407-29
TR

Rinodina roscida (Somm.) Arn.
Vouchers: 353-1b, 397-1, 397-4, 397-5, 397-6, 397-14, 397-17, 397-18,
397-21, 397-22, 397-27, 397-30, 397-32, 397-33, 397-34, 397-35, 397-36,

Rinodina roscida (Somm.) Arn.
Vouchers: 353-1b, 397-1, 397-4, 397-5, 397-6, 397-14, 397-17, 397-18,
397-21, 397-22, 397-27, 397-30, 397-32, 397-33, 397-34, 397-35, 397-36,
397-37, 397-38, 397-39, 397-40
PB,KP, TR

Rinodina turfacea (Wahlenb.) Korb.
Vouchers: 353-1c, 393-11, 398-2, 398-8, 398-9, 398-11, 398-13, 398-15,
398-16, 398-18, 398-19, 398-21, 398-23, 398-24, 398-25, 398-34, 398-35,
398-37, 398-38, 398-40, 398-41
All

Solorina bispora Nyl.
Not previously recorded at Prudhoe Bay but known from Franklin Bluffs;
specimens were not expertly verified.

245



Vouchers: 378-2, 378-3, 378-6, 378-7, 378-10, 378-11, 378-13, 378-15,
378-16, 378-25, 378-28, 378-31, 378-32, 378-34, 378-39, 378-41
All

Solorina octospora (Am.) Am.
Not previously recorded in this area; specimens were not expertly verified.
Vouchers: 379-11
KD

Solorina saccata (L.) Ach.
Vouchers: 380-1, 380-2, 380-3, 380-5, 380-8, 380-9, 380-13, 380-14, 380-
15, 380-17, 380-19, 380-20, 380-21, 380-23, 380-24, 380-25, 380-26, 380-
27, 380-28, 380-29, 380-30, 380-31, 380-32, 380-33, 380-34, 380-35, 380-
36, 380-37, 380-38, 380-40, 380-41
All

Solorina spongiosa (Sm.) Anzi
Vouchers: 381-1, 381-2, 381-4, 381-5, 381-6, 381-7, 381-8, 381-9, 381-11,
381-12, 381-13, 381-14, 381-15, 381-17, 381-19, 381-21, 381-24, 381-27,
381-35, 381-38
All

Sphaerophorus globosus (Huds.) Vain.
Vouchers: 382-8, 382-9, 382-25, 382-41
KP,KD, TR

Stereocaulon alpinum Laur.
Vouchers: 383-1, 383-2, 383-3, 383-4, 383-5, 383-6, 383-7, 383-8, 383-9,
383-11, 383-12, 383-13, 383-14, 383-15, 383-16, 383-17, 383-18, 383-19,
383-20, 383-21, 383-22, 383-23, 383-24, 383-25, 383-26, 383-27, 383-29,
383-31, 383-32, 383-34, 383-35, 383-36, 383-37, 383-38, 383-40, 383-41
All

Stereocaulon paschale (L.) Hoffm.
Not previously recorded in this area but known from several other coastal plain
localities; specimens were not expertly verified.
Vouchers: 384-22
PB

Stereocaulon rivulorum Magn.
Vouchers: 399-5
PB

Stereocaulon tomentosum E. Fries
Not previously recorded at Prudhoe Bay but known to occur at Franklin Bluffs;

ro

Stereocaulon tomentosum E. Fries
Not previously recorded at Prudhoe Bay but known to occur at Franklin Bluffs;
specimens were not expertly verified.
Vouchers: 385-9, 385-10, 385-11, 385-20
KP,KD

Thamnolia subuliformis (Ehrh.) W. Culb.
Not distinguished from T. vermicularis (Sw.) Ach. ex Schaer. in this study.
Vouchers: 412-1, 412-2, 412-3, 412-4, 412-5, 412-6, 412-7, 412-8, 412-9,
412-10, 412-11, 412-12, 412-13, 412-14, 412-15, 412-16, 412-17, 412-18,
412-19, 412-20, 412-21, 412-22, 412-23, 412-24, 412-25, 412-26, 412-217,
412-28, 412-29, 412-30, 412-31, 412-32, 412-33, 412-34, 412-35, 412-36,
412-37, 412-38, 412-39, 412-40, 412-41
Al

246

Toninia caerulonigricans (Lightf.) Th. Fr.
Not previously recorded in this area; specimens were not expertly verified.
Vouchers: 400-4, 400-6, 400-12, 400-14, 400-15, 400-20, 400-33, 400-35,
400-36, 400-39
All

Toninia lobulata (Somm.) Lynge
Vouchers: 401-3, 401-7, 401-13, 401-14, 401-15, 401-17, 401-21, 401-25,
401-26, 401-35, 401-36, 401-37, 401-38, 401-39 -
PB,KP,TR

Umbilicaria spp.
Vouchers: 411-41
KD

Xanthoparmelia separata (Th. Fr.) Hale
Vouchers: 410-41
KD

Xanthoria candelaria (L.y Am,
Vouchers: 386-10
KD, TR

Bryophytes

Anastrophllum minutum (Schreb.) Schust.
Vouchers: 501-1, 501-2, 501-3, 501-4, 501-5, 501-8, 501-9, 501-10, 501-11,
501-14, 501-16, 501-17, 501-18, 501-19, 501-20, 501-21, 501-22, 501-23,
501-24, 501-25, 501-29, 501-32, 501-35, 501-38, 501-39, 501-40, 501-41
All

Aneura pinguis (L.) Dum.
Vouchers: 502-5, 502-16, 502-17
PB,KP

Aulacomnium acuminatum (Lindb. & Amell) Kindb.
Vouchers: 503-1, 503-2, 503-8, 503-9, 503-10, 503-11, 503-18, 503-20,
503-21, 503-23, 503-25, 503-26, 503-28, 503-29, 503-30, 503-31, 503-32,
503-34, 503-37, 503-38, 503-39, 503-40
All

Aulacomnium palustre (Hedw.) Schwaegr.
Vouchers: 504-1, 504-10, 504-14, 504-15, 504-19, 504-41
All

Aulacomnium palustre (Hedw.) Schwaegr.
Vouchers: 504-1, 504-10, 504-14, 504-15, 504-19, 504-41
All

Aulacomnium rurgidum (Wahlenb.) Schwaegr.
Vouchers: 505-2, 505-8, 505-9, 505-10, 505-11, 505-18, 505-24, 505-25,
505-28, 505-32, 505-33, 505-35, 505-40, 505-41
All

Blepharastoma trichophyllum (L.) Dum.
Vouchers: 506-10, 506-12, 506-13, 506-15, 506-16, 506-17, 506-19, 506-
23, 506-25, 506-26, 506-27, 506-30, 506-32, 506-33, 506-37, 506-38, 506-
40, 506-41
All
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Brachytheciaceae
Vouchers: 510-1, 510-2, 510-3, 510-4, 510-5, 510-6, 510-7, 510-8, 510-9,
510-10, 510-11, 510-12, 510-13, 510-15, 510-17, 510-18, 510-19, 510-21,
510-22, 510-23, 510-24, 510-25, 510-26, 510-27, 510-29, 510-30, 510-31,
Z}IO-BZ, 510-33, 510-34, 510-35, 510-37, 510-39, 510-40

Bryaceae
Vouchers: 507-1, 507-2, 507-3, 507-4, 507-5, 507-6, 507-7, 507-8, 507-9,
507-10, 507-11, 507-12, 507-13, 507-14, 507-15, 507-16, 507-17, 507-18,
507-19, 507-20, 507-21, 507-22, 507-23, 507-24, 507-25, 507-26, 507-27,
507-28, 507-29, 507-30, 507-31, 507-32, 507-33, 507-34, 507-35, 507-36,
507-37, 507-38, 507-39, 507-40, 507-41
All

Bryum wrightii Sull. and Lesq.
Specimens: 83-128
PB

Caliliergon richardsonii (Mitt.) Kinkdb. ex Warnst.
Vouchers: 508-23, 508-29, 508-31, 508-41
KP,KD, TR

Campylium stellatum (Hedw.) C. Jens.
Vouchers: 509-1, 509-5, 509-10, 509-14, 509-19, 509-24, 509-25, 509-28,
509-29, 509-30, 509-31, 509-32, 509-33, 509-34, 509-35, 509-37, 509-39,
509-40, 509-41
All

Cirriphyllum cirrosum (Schwaegr. ex Schultes) Grout
Usually recorded as Brachytheciaceae.
Vouchers: 510-41
XD

Cratoneuron arcticum Steere
Listed by Walker as frequent in dry tundra but not recorded in this study.

Dicranaceae
Vouchers: 511-3, 511-11, 511-14-2, 511-14-3, 511-14-6, 511-19, 511-21,
511-23, 511-24, 511-26, 511-30, 511-31, 511-35, 511-37
All

Dicranella crispa (Hedw.) Schimp.
Vouchers: 512-1,512-2, 512-4
PB

Dicranella crispa (Hedw.) Schimp.
Vouchers: 512-1, 512-2, 512-4
PB

Dicranum angustum Lindb.
Vouchers: 513-1, 513-2, 513-9, 513-10, 513-11, 513-12, 513-13, 513-15,
513-16, 513-18, 513-19, 513-20, 513-23, 513-24, 513-25, 513-28, 513-32,
2}13-33, 513-34, 513-35, 513-38, 513-41

Dicranum elongatum Schleich. ex Schaewgr.
Vouchers: 514-1, 514-2, 514-3, 514-6, 514-7, 514-8, 514-9, 514-10, 514-11,
514-12, 514-13, 514-14, 514-15, 514-16, 514-17, 514-18, 514-19, 514-20,
514-21, 514-22, 514-23, 514-24, 514-25, 514-27, 514-28, 514-29, 514-30,
514-31, 514-32, 514-33, 514-34, 514-35, 514-36, 514-37, 514-38, 514-39,

248

514-40, 514-41
All

Distichium capillaceum (Hedw.) B.S.G.
Vouchers: 516-1, 516-2, 516-3, 516-4, 516-5, 516-6, 516-7, 516-8, 516-9,
516-10, 516-11, 516-12, 516-13, 516-14, 515-15, 516-16, 516-17, 516-18,
516-19, 516-20, 516-21, 516-22, 516-23, 516-24, 516-25, 516-26, 516-28,
516-29, 516-30, 516-31, 516-32, 516-33, 516-34, 516-35, 516-36, 516-37,
516-38, 516-39, 516-40, 516-41
All

Distichium inclinatum (Hedw.) B.S.G.
Vouchers: 517-1, 517-2, 517-3, 517-5, 517-6, 517-7, 517-8, 517-10, 517-11,
517-12, 517-13, 517-14, 517-15, 517-16, 517-22, 517-23, 517-25, 517-26,
517-27, 517-28, 517-30, 517-31, 517-32, 517-33, 517-34, 517-35, 517-36,
:317-38, 517-41

Ditrichum flexicaule (Schaewgr.) Hampe
Vouchers: 518-1, 518-2, 518-3, 518-4, 518-5, 518-6, 518-7, 518-8, 518-9,
518-10, 518-11, 518-12, 518-13, 518-14, 518-15, 518-16, 518-17, 518-18,
518-19, 518-20, 518-21, 518-22, 518-23, 518-24, 518-25, 518-26, 518-27,
518-28, 518-29, 518-30, 518-31, 518-32, 518-33, 518-34, 518-35, 518-36,
518-37, 518-38, 518-39, 518-40, 518-41
All

Drepanocladus revolvens (Sw.) Warnst.
Vouchers: 519-13, 519-19, 519-41
KP,KD

Drepanocladus uncinatus (Hedw.) Warnst.
Vouchers: 520-1, 520-2, 520-3, 520-4, 520-5, 520-6, 520-7, 520-8, 520-9,
520-10, 520-11, 520-12, 520-13, 520-14, 520-15, 520-16, 520-17, 520-18,
520-20, 520-21, 520-22, 520-23, 520-24, 520-25, 520-28, 520-29, 520-30,
520-31, 520-32, 520-33, 520-34, 520-35, 520-36, 520-37, 520-38, 520-39,
520-40, 520-41
All

Encalypia alpina Sm.
Vouchers: 521-2, 521-6, 521-10, 521-11, 521-12, 521-17, 521-18, 521-19,
521-25, 521-27, 521-31, 521-32, 521-33, 521-36, 521-39, 521-41
All

Encalypta mutica Hag.
Vouchers: 522-3, 522-4, 522-13, 522-22, 522-23, 522-24, 522-34
DZL1=23, DL1-L1y DL1-51, DL1-3L, DLL-53, DL1-30, DLI1-3Y, DLl-41
All

Encalypta mutica Hag.
Vouchers: 522-3, 522-4, 522-13, 522-22, 522-23, 522-24, 522-34
PB,KP

Encalypra procera Bruch
Listed by Walker (1985) as frequent in dry tundra but not recorded in this
study.

Encalypta rhabdocarpa Schwaegr.
Vouchers: 523-1, 523-2, 523-3, 523-4, 523-5, 523-6, 523-7, 523-8, 523-9,
523-10, 523-11, 523-12, 523-13, 523-14, 523-15, 523-16, 523-17, 523-18,
523-19, 523-20, 523-23, 523-24, 523-26, 523-27, 523-28, 523-29, 523-30,
523-31, 523-32, 523-33, 523-34, 523-35, 523-36, 523-37, 523-38, 523-39,
523-41
Al
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Eurynchium pulchellum (Hedw.) Jenn.
Vouchers: 524-1, 524-2, 524-3, 524-4, 524-5, 524-6, 524-7, 524-8, 524-9,
524-10, 524-11, 524-12, 524-13, 524-14, 524-15, 524-16, 524-17, 524-18,
524-19, 524-20, 524-21, 524-22, 524-23, 524-24, 524-25, 524-26, 524-27,
524-28, 524-29, 524-30, 524-31, 524-32, 524-33, 524-35, 524-36, 524-37,
524-39, 524-40, 524-41
All

Funaria arctica (Berggr.) Kindb.
Listed by Walker (1985) as occasional in several habitats commonly present on
pingos, but not recorded in this study.

Hylocomium splendens (Hedw.) B.S.G. var. obtusifolium (Geh.) Par.
Vouchers: 525-1, 525-2, 525-3, 525-8, 525-10, 525-13, 525-16, 525-18,
525-19, 525-20, 525-22, 525-23, 525-24, 525-25, 525-26, 525-28, 525-29,
525-30, 525-31, 525-32, 525-33, 525-34, 525-35, 525-37, 525-38, 525-40,
525-41
All

Hypnum bambergeri Schimp.
Vouchers: 526-7
TR

Hypnum cupressiforme Hedw.
Vouchers: 527-3, 527-4, 527-5, 527-6, 527-7, 527-13, 527-14, 527-15, 527-
17, 527-18, 527-19, 527-22, 527-23, 527-24, 527-25, 527-26, 527-28, 527-
30, 527-31, 527-32, 527-34, 527-36, 527-37, 527-38, 527-40
PB,KP, TR

Hypnum procerrimum Mol.
Vouchers: 528-1 528-2, 528-4, 528-5, 528-6, 528-8, 528-10, 528-11, 528-
12, 528-14, 528-15, 525-17, 528-19, 528-20, 528-22, 528-23, 528-25, 528-
27, 528-28, 528-30, 528-31, 528-32, 528-33, 528-34, 528-36, 528-37, 528-
38, 528-39, 528-40, 528-41
All

Hypnum revolutum (Mitt.) Lindb.
Vouchers: 529-2, 529-3, 529-7, 529-12, 529-16, 529-18, 519-22, 529-29
PB,KP,TR

Leptobryum pyriforme (Hedw.) Wils.
Listed by Walker (1985) as common in several habitats that are often present on
pingos, but not recorded in this study.

Marchantia alpesms Nees

——p T e PO AN EACA L, S e

Listed by Walker (1985) as common in several habitats that are often present on
pingos, but not recorded in this study.

Marchantia alpestris Nees
Vouchers: 530-13, 530-26, 513-37
KP, TR

Marchantia polymorpha L.
Vouchers: 531-13
KP

Mnium blynii B.S.G.
Vouchers: 533-9, 533-10, 533-11, 533-13, 533-14, 533-15, 533-17, 533-18,
533-21, 533-24, 533-25, 533-27, 533-29, 533-30, 533-33, 533-34, 533-35,
533-37, 533-40, 533-41
All
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Mnium thomsonii Schimp.
Vouchers: 534-9, 534-11, 534-15, 534-16, 534-19, 534-23, 534-25, 534-26,
534-30, 534-32, 534-37, 534-41
KP,KD,TR

Plagiochila arctica Bryhn & Kaal.
Vouchers: 535-3, 535-5, 535-8, 535-10, 535-11, 535-12, 535-13, 535-14,
535-15, 535-16, 535-17, 535-18, 535-19, 535-20, 535-21, 535-22, 535-23,
535-24, 535-25, 535-26, 535-27, 535-29, 535-30, 535-31, 535-32, 535-33,
535-34, 535-35, 535-36, 535-37, 535-38, 535-40, 535-41
All

Polytrichastrum alpinum (Hedw.) G.L. Smith
Vouchers: 536-1, 536-2, 536-3, 536-5, 536-6, 536-8, 536-9, 536-10, 536-11,
536-12, 536-13, 536-14, 536-16, 536-18, 536-19, 536-20, 536-23, 536-24,
536-25, 536-31, 536-32, 536-33, 536-34, 536-35, 536-38, 536-39, 536-40,
536-41
All

Polytrichum commune Hedw. var. nigrescens Warnst.
Vouchers: 537-23, 537-34, 537-38, 537-40
KP

Polytrichum juniperinum Hedw.
Vouchers: 538-9, 538-10, 538-11, 538-15, 538-18, 538-24, 538-30, 538-35,
538-41
All

Polytrichum piliferum Hedw.
Vouchers: 554-41
KD

Pdlidium ciliare (Web.) Hampe
Vouchers: 539-2, 539-8, 539-9, 539-11, 539-16, 539-18, 539-19, 539-20,
539-23, 539-24, 539 25, 539 30, 539- 33 539-34, 539-35, 539-38, 539-40,
539-41
All

Rhacomitrium lanuginosum (Hedw.) Brid.
Vouchers: 540-8, 540-18, 540-19, 540-23, 540-24, 540-34, 540-35, 540-41
PB,KP,KD

Rhizomnium andrewsianum Steere
Vouchers: 555-41
KD

Rhizomnium andrewsianum Steere
Vouchers: 555-41
KD

Rhytidium rugosum (Hedw.) Kindb.
Vouchers: 541-1, 541-2, 541-3, 541-4, 541-5, 541-6, 541-7, 541-8, 541-9,
541-10, 541-11, 541- 12, 541-13, 541- 14 541-15, 541-16, 541-17, 541-18,
541-19, 541- 20 541-21, 541- 22 541-23, 541-24, 541-25, 541-26, 541-27,
541-28, 541-29, 541- 30 541-31, 541-32, 541-33, 541-34, 541-35, 541-36,
541-37, 541-38, 541-39, 541-40, 541-41
All

Sphagnum warnstorfii Russ.
Specimens: 83-208
KD
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Splachnum vasculosum Hedw.
Vouchers: 543-22, 543-26, 543-28
PB,TR

Tetraplodon miniodes (Hedw.) B.S.G.
Vouchers: 544-3, 544-4, 544-5, 544-8, 544-9, 544-11, 544-12, 544-16, 544-
21, 544-22, 544-25, 544-26, 544-28, 544-30, 544-32, 544-34
All

Thuidium abietinum (Hedw.) B.S.G.
Vouchers: 546-1, 546-2, 546-3, 546-4, 546-5, 546-6, 546-7, 546-9, 546-11,
546-12, 546-13, 546-14, 546-15, 546-17, 546-18, 546-19, 546-20, 546-21,
546-22, 546-23, 546-24, 546-25, 546-26, 546-27, 546-28, 546-29, 546-30,
546-31, 546-32, 546-33, 546-34, 546-35, 546-36, 546-37, 546-38, 546-39,
546-40, 546-41
All

Timmia austriaca Hedw.
Vouchers: 547-1, 547-2, 547-3, 547-5, 547-6, 547-7, 547-8, 547-9, 547-10,
547-11, 547-12, 547-15, 547-16, 547-17, 547-18, 547-19, 547-20, 547-21,
547-22, 547-23, 547-24, 547-25, 547-26, 547-28, 547-31, 547-32, 547-33,
547-34, 547-35, 547-36, 547-37, 547-40, 547-41
All

Timmia megapolitanica Hedw.
Vouchers: 548-11
KD

Timmia norvegica Zett.
Listed by Walker (1985) from snowbank of Pingo 6, but not recorded in this
study.

Tomenthypnum nitens (Hedw.) Loeske
Vouchers: 549-1, 549-2, 549-3, 549-4, 549-5, 549-6, 549-7, 549-8, 549-9,
549-10, 549-11, 549-13, 549-14, 549-15, 549-16, 549-17, 549-18, 549-19,
549-20, 549-21, 549-22, 549-23, 549-24, 549-25, 549-26, 549-27, 549-28,
549-29, 549-30, 549-31, 549-32, 549-33, 549-34, 549-35, 549-36, 549-37,
549-38, 549-39, 549-40, 549-41
All

Tortella arcrica (Am.) Crundw. and Nyh.
Listed by Walker (1985) as frequent on dry tundra, but not recorded in this
study. Probably confused with T. fragilis in one or both studies.

Tortella fragilis (Drumm.) Limpr.
Vouchers: 515-1, 515-3, 515-18, 515-22, 515-25, 515-27, 515-28, 515-29,
.. 213-30,515:31, 515 32, 515-34, 515-37, 515-38, 515-40, 515-41
Listed by Walker (1985) as frequem on dry tundra, but not recorded in this
study. Probably confused with T. fragilis in one or both studies.

Tortella fragilis (Orumm.) Limpr.
Vouchers: 515-1, 515-3, 515-18, 515-22, 515-25, 515-27, 515-28, 515-29,
515-30, 515-31, 515-32, 515-34, 515-37, 515-38, 515-40, 515-41
All

Tortula mucronifolia Schwaegr.
Vouchers: 550-7, 550-15, 550-22, 550-28
PB,TR

Tortula ruralis (Hedw.) Gaertn., Meyer & Scherb.
Vouchers: 551-1, 551-2, 551-3, 551-4, 551-5, 551-6, 551-7, 551-8, 551-9,
551-10, 551-11, 551-12, 551-13, 551-14, 551-15, 551-16, 551-17, 551-18,
551-19, 551-20, 551-21, 551-22, 551-23, 551-24, 551-25, 551-26, 551-27,
551-28, 551-29, 551-30, 551-31, 551-32, 551-33, 551-34, 551-35, 551-36,
551-37, 551-38, 551-39, 551-40, 551-41
All

APPENDIX B

CLASSIFICATION SUMMARY TABLES

The classification summary tables are in the back pocket of this volume.
They are divided up by group, with Group Dryas integrifolia - Lecanora epibryon
in Appendix B1, Group Dryas integrifolia - Tortula ruralis in Appendix B2, and
Group Dryas integrifolia - Tomenthypnum nitens in Appendix B3. The two-part
plot numbers consist of the pingo number and the microsite number, with a dash in
between. See Chapter III or Appendix C3 for an explanation of the microsite
numbers. Boxes are drawn around the differentiating and associated species for
each group, stand type, and facies.



0 0 0 7T 'l 8¢9 v L9 [4 I 9 69 8L 8L £ 1 4 8¢
0 0 0 ¢ ¢ 89 177 0L 4 1 14 Ll 0L i1 0zI (4 [4 14 Lz
0 01 01 ¢ £ 89 €T 69 (4 I €1 SIT 001 I[1 0ot 4 I 14 9
0l 0 0 Sl LT 8’1 W S99 (4 I s 86 oy 3 (124 1 I [4 ST
sl 0 0 (¢ ¥ S61 6y 19 [/ [4 0¢ §81  SET 3T S'¢l £ (4 (4 144
0 (V4 0 01 14 (991 £ 89 4 1 L oz Sy 1 Sy 4 1 T £z
s 0T 0 8’1 8't (44! £ TL € I ¢ 801 8¢ ) 8¢ I I 1 (44
0 0 0 4 ¥ §0T LT 69 (4 1 ¢ 99 Sy ) Sy I I [4 |44
01 0 0 ¢ L 0'81 £ 69 [4 I 8 901 §9 X S9 [4 I [4 0z
0 0 0 r 6 zel 65" ¥'9 [4 I 6 w09 1 09 ¢ 1 (4 61
0T oy 0 1 6'¢ €8 9 8¢ [4 (4 ¢ Qo1 09 I 09 14 T [4 81
0l 0C 0 ¢ 6 Sel [0 & I 1 ¢ ¥8 Sy 3 Sy I I [ L1
0¢ 0T 0 0’1 r 861 ¥s 09 (4 (4 0T o1z &L 1T St 14 [4 [4 91
0c (13 0 (3> 8 79¢ 8" TIL I I 0'¢ 691  0LI I 0Ll [4 I 14 St
0T St 0 s 6 8yl 60 T°L I I 14 8s 09 ¢ 09 1 1 1 14!
0'C (U 0 (N4 €T L1 e 99 Z [4 ¥9 SIE  §91 1€  S91 £ 4 (4 £l
0T 01 0T Tl 8L 8 I 7L z I 81 SL1 08 L1 08 I I (4 (4!
0’1 0 0 9t s 1’67 8 LY (4 1 01l $6 SIL 5 ST (4 I £ It
0 0 0 0¢ (4 1944 o S (4 1 6's €Iz 00€ 1T 00¢ 1 I £ ()
0 0 0 1’9 (4 ()4 ¢ Y 4 I 9¢ 791 087931 08 £ 1 £ 6
01 0 0 001 L L1z 199 99 2 I 8T 891 oSt 31 0'S1 [4 1 € 8
02 0 0 6 It V9 sy TL [4 1 s 00T 0823 08 £ I 14 L
0?7 §e 0 6t 8 6'01 ST° €L 1 [4 9T 81 0zl 31 (1xA ! € (4 I 9
oy 0 0 (44 (43 g€ 8" TL I I s €9 oL 9 oL 1 1 I 1S
0¢ 0 0 el 'l L9 1T 1L I I £ €S 09 ¢ 09 (4 1 1 4
0C 0c 0 LT ¢ | A 177 69 I I (X Il SEl bl Sel [4 1 [ ¢
9 0 0t UL 1S £'8 LT oL 1 1 S PL §S L 1Y (4 1 I [4
01 0 0 YL 8 ¥'8 9t" S99 1 1 L ¥8 SL 8 SL Z 1 1 I
‘qInasyy "SIy o QIMSIq 19a11 o3uid giseod o Hd Hd v&mk menrbr (ey) (ur) (ur) u) (ury sse[D Nu&.ﬁ 1V oduiy
SuqQa(]  IIMYIA uole 1S9IB9U 0] 1S2IBdU 01 2dURISK] ‘('S uteira],  adeospue] oIy Iaourelq 1yl3rprerq 1yStey  [eordoj Aprag
-ABOXY  Q0URISK]  QoUBISI(] [euorday -oydiopy

‘so3urd 2u0-£1103 2Y1 10] 103 oY) J0J eiep reoiojoydiow 10 9qeL

..278

APPENDIX C
DATA

Number of species data for each sample plot..........cccccocvveenn...... 269

Number of species data for the 41 pingos...........ccvvvveeeeerennn.... 257
Environmental data for each sample plot.......ccoievivicnnennnn.nn... 259

Morphological data for the 41 pingos......ccococcocveeueunnn.
Disturbance scalars for each sample plot.

C1
c2
C3
C4
Cs

255

254



v 14 11 14 € 01 1 0 € 1t 9 TE §T 8 0 L ov T 9 9 ST 147 1L 8T
14 S 6 £ € L 1 [4 1 14 vy € ¥T 8 0 £ 2% (44 14 4 61 9T 65 LT
S ¥ vi 4 [4 6 1 1 € LE ¥ 8¢ 8T 01 1 01 6v 0T ot 01 €7 9¢ 08 9T
€ € o1 v 1 14 1 0 0 [44 0 0T ot 81 1 € 94 17 1 1 [4% or 89 ST
£ 14 11 v 1 S 1 0 0 184 ¢ 61 87 07 0 S a4 (44 € € 6T 24 0oL Ve
[4 4 8 14 1 4 1 0 [4 6C 1 91 9T 21 1 S 1€ 81 1 1 1€ 6¢ 155 €T
£ £ 8 S 1 € 1 0 0 1¢ 0 ¥l 6T Tl [4 £ 39 S1 1 1 9z 8C 5% (44
€ € 01 4 1 4 1 0 1 9¢ T #1 ¢e §I [4 S LE 61 0 0 61 LE €9 (4
1 19 £l € 1 € 1 0 1 (44 0 TT €€ S1 (4 14 [44 T 1 1 17 8¢ 0L 0T
1 14 L v 1 S 1 0 0 [A> 1 81 ¥ 71 1 9 23 ¥1 1 1 1¢ v sS 61
[4 4 L 4 [4 £ 1 0 0 39 T Tt 9T Ll 1 € st L1 1 1 g 54 9s 81
[4 £ o1 14 1 4 [4 0 1 9T 0 €1 8T Tl [4 [4 1€ 81 1 1 €© X% £ L1
1 14 8 S 1 € 1 0 0 8¢ 1 S1 6T 91 1 14 8¢ 81 [4 [4 ST 123 19 91
S v £l L £ 6 1 1 [4 ve T 6¢ T¢ 11 1 9 6v €T [4 [4 9T 24 6L S1
€ € A S [4 S 1 0 0 87 0 61 6T 11 1 € 22 17 1 1 (44 LE 65 148
14 9 8 S 1 [4 1 0 0 LY 1 Tt Lty vl 1 1 6¢ x4 € € 1€ 14 V9 €1
€ [4 S S 1 14 [4 0 0 8¢ 0 ¢ ¢se 1T S € [4> 0T 0 0 ré 1€ 09 48
€ S 4 6 9 01 1 1 1 24 v SE 1P ¢l 4 6 sS 87 9 9 £e Ly 6 1T
14 9 9 S 0 8 0 1 4 1v € 6T 8 Tl 0 8 v 0T € £ 0t 8t [43 01
14 S 8 9 € 8 0 1 [4 144 § €€ Te 11 0 6 14 T 9 9 6T Ly 18 6
[4 S L L [4 L 1 0 T - ov S TC T ¢l 0 9 194 17 € € 114 Big (43 8
9 9 ¥1 8 4 (4 1 [4 £ L €1 68 1€ 01 0 8 [39 (43 St S T 9¢ €6 L
1 € 6 S [4 [4 1 0 1 ve T 91 67 Tl [4 14 [43 0T 0 0 1z ot 86 9
[4 € L 2 1 € 1 0 [4 T 0 T LT 6 1 0 (X% 148 0 0 £T (4% 14 S
[4 € el S 1 € 1 1 1 £t 1 81 ¥¢ 01 0 14 (44 Ll T [4 61 8T €9 14
|3 14 6 4 0 S 1 0 € 8¢ 1 81 ¢t 61 0 € 124 Ll € € 6T 12> L9 €
[4 (4 L S 1 1 1 0 1 9T 0 0l £ ¢t 1 [4 LT 91 1 1 LT 9¢ 9 [4
[4 € 9 Y 1 S 1 0 1 9¢ 0 91 1¢ ¢l 1 14 1 1z 0 4] sT 29 09 1

mg ®ISY YN ueid o BIsy VN VNM WN rTod ¢ ¢ 7 1 181 [ea10g suidiy onory  seedy seroadg  seroadg  sewedg sewsadg ofulg

-BISY
-BISY -BISY -ulldg -9pug  -WN -umany -SBO)) ONOIY -ONoIy parolnsa  pa1olnsay 21AydoAig usysI| IB[NOSBA
“VNM
“WN VN
S3UTY SMATIFOH

*so3utd suo-£107 3y 103 £1039180 oUSUIO} Yoo pue A105918D SIUOUOXE) IOfEW Yok ret yora ut saroads Jo sequuny 7D 2qeL

'S "$9[e0s 20URQIISIP 10] [T JoldeyD) 305y

"BY UT 3TE SIOUEISIP [TV ¢

"$3p00 10§ [1] YandeyD) 99g,,

*$9p09 10§ 111 JadeyD) 23§,

“paseq-pear - ¢ ‘popis-doag - [

12AR] MOOL -  *NIIYSQIPETTIYSOIPEY - ¢ yruedny] - g Aeg soypryd - [,
ST ST 0 g ¥'s 00T 26 8¢S 4 (4 9°Se 819 Q1819 OIS £ I £ 84
01 01 0 T 14 8'¢S1 (VA 4°) Z Z [ pee 0°¢£E (89 14 1 (4 or
01 0'C 0 Z1 (4 S'L1 ve TI'L (4 I S 16 Sv.6 % 4 1 4 (4 6¢
01 (94 0 I 4 891 8T 99 4 1 €1 9€1 0°8€1 08 1 4 4 8¢
01 01 0 4 01 0'L9 LS 99 I 1 ze L6l ovl6l (034¢ Z 1 14 LE
01 01 0 T L SL ol TL 1 1 g 123 §ss §s 1 1 1 9¢
0 0T 0 8 v 8°C1 Ss S9 (4 (4 Lz 661 0'1i61 (1R 81 14 < Z 93
S'I $T 0 01 T 0°s1 1€ L9 (4 (4 (A €91 €¢Il Y 14 [ 4 143
(U84 (134 0 T LT 6’1 9" 99 z 1 L 96 916 S'9 I I C £e
0 0 0 S 't 1°¢9 £ 0L Z 1 14 09 §CIo 1Y € I 14 (43
0 0 0 £ ¥ 099 0SE 69 4 1 S 99 069 06 < 1 ¥ 1€
0 0 0 61 't £°¢9 e L9 [ 1 ¥ 6S Y Y 1 1 14 0¢
0 0 0 €1 9 €99 €& L9 (4 1 L €8 L8 SL (4 1 14 62

"(Papn[ouod) ‘T AqeL

257

256



oL ¢ Sl 0 0t oS oy 00T ST 'v9 ST L4 A e o1 £ |2 74
¥L ¢ o1 0 0t (94 (14 00¢ 0T 00L 01 0 01 0 0 4 | 2 X4
69 T Al (110)4 §'T 01 0T 00¢ 0y TIL 0T 0L 0C 0L 6 1 vy 7T
89 9 € 00t 0t 0T (4 00¢ 0¢ L'vL 0¢ St 0'e 9vE Ve L [ ¢4
69 T 0 0 0'e (104 (V2% (741 (4 oLy 0t 6L1 (X4 6L1 £C 9 £ 0C
L 01 € 0 0t (VY (U4 194 0l (A 0's 89C oS 89T 91 S £ 6l
69 01 St 0 0t 09 (14 08 0l 78S 0y T (184 T Pl 14 ¢ 8l
'L @ (4 os 0e 'S (184 001 (101 y'1s 0 01z 07 01z 174 € € LI
e 1 0 0 0T (104 St 001 0T 00L 01 0 0l 0 0 (4 £ 91
99 T [ 0 0¢ 01 0C 00T (184 'St 0T (44 0C (44 (£ 1 £ Sl
L L 3 0ov 0t SC 0 00T 8¢ LstL T re [y 144 9 L [N
69 L 4t 07 oy oy 8'C 00T 0¢ 1'8% 0T 90T 0¢C 90T X4 9 z ¢t
oL ¢ 9 0 1 0's Sy 6v ST L9 (104 174 (VR4 1274 L S [
99 ¢ 0¢ 0 0t 09 (184 8¢ 01 S09 0'e 0T 0'¢ 0T 01 ¥ T 11
69 ¢ ST 0's 0¢ Sy (104 ¥S 1 8¢S 0T (44 0T ¥ZT L1 ¢ Z ot
69 ¢ 9 0C 0¢ 0c 0e 00T e 0oL 01 0 01 0 0 4 7 6
69 9 C 0t 0T 01 0C 00T (14 €L 0T 14 0'C 14 Z 1 Z 8
¥9 T (1§ 009 0t T 0c L 8¢ 0't8 0¢ (4 0¢ < £l L I ¢
€9 T C 0 ¢ oy e 00T [ T'8s 0T 891 0T 891 Zl 9 I 9
89 ¢ 1)¢ 0 01 09 0°¢ X4 01 6'89 oS (L4 [N (V4 [4 S I s
09 ¢ ST 0 0T oS 0y 0t 0l 6'6S e 62T St 67T €1 4 | S 4
e ¢ 0¢ (1Y T 09 0y LE Sl 8'6S 0 05T 0T 0sT Ll € I ¢
L9 1 9 0 0c §T 0y XY 0t 0oL 01 0 01 0 0 [4 1z
§9 T £ 0 0T 01 0¢ 00T oy 0°SL 0c 6% 0cC 6% A 1 I 1
p1Hd
mﬁo& L N_AEQV i 1&% oﬁb.:_nﬂw guomem(  goImSION bAEQV coEmoaxm mﬁmoE puonisod mAmoE uontsog mAm%v NAmoE 1ous oduid 10[d
o -Imokn) mey], juoreambyg odojs odofs  odojg
-0
‘s101d srdures po[re1ap g6 U1 10§ EIEP £67 Y1 J0] BIRp [EJUSWUONAUL '€D) 3[QE]
e — .

L 8 €1 1 L ST 1 1 14 <9 01 9% LS 0T 1 v1 LL 187 S1 It ST 8¢ 99 £l 87
0 S L € 0 € I 0 0 0t 0 €¢I €T €1 0 S 8T 91 0 91 0 8T (47 (14 or
4 £ 9 v 1 14 (4 0 1 8 1 Ll #T 11 [4 v [ £ 91 1 91 1 114 1€ €S 6L
1 14 L 14 (4 S 1 0 1 9¢ T 6l sT <1 T 9 S¢ 81 1 81 1 ST 8¢ 19 8¢
s 9 z1 S [4 6 1 [4 T LE S €€ 0¢ €I (4 L 8y Ve 9 v 9 LT € 18 Lt
4 € 8 4 I € 0 0 0 174 T 01 ¢ 11 0 1 8T 91 0 91 0 61 €€ 94 9¢
0 4 L v 0 v 1 0 0 67 I 71 1z ¢t 0 v 87 LT I L1 1 8¢ 124 {14 43
[ v 6 4 4 v 1 0 I ve I 61 92 &1 4 9 Se 8 z 61 4 6T 8¢ 19 ve
S 1 S S 1 S 4 0 0 oY I 91 ¢¢ 81 9 € 187 0T 1 114 I LT 0ot oL £e
€ € Z1 € [4 8 T 1 1 8T T 0€ 1T 6 0 4 LE 1z € 1z € 0¢ ve 9 rAS
€ 14 6 v 1 9 I 1 14 1z T € T L o] 4 (4% 81 14 81 4 LT 2% ¥S 1¢
14 v Zl 4 4 9 1 1 [4 8T € 0e 02 6 0 9 8¢ 81 € 8T € 6T 4 9 0t
14 14 o1 14 z L I 1 v 8T S 8 Tt o1 0 L SE €T 9 €T 9 1z €€ <9 62

(PapOIOUOD) 7D J[qEL,



EE——————— e e e SR

O ANANN—~NONONANN NN NN A ONNANANN =N NS0

—

~

Nmmmooy_\vvmmoo\ommwrm

NQANMNQOOANNOLVONN O
- A= NN —— —

N O
N

Lz

=
A
—

=
"
—

o
o000 OT OO0 TODOOOOOO

—

oS

0t
St
0e
07
0¢
0¢
Sy
07
0e

0C

oS
09

(0%

1%

(94

oy

00¢
001
001

002
9
6¢

8T
[§3
6T

002
4%
£t
33
89
¥L
6¢
8¢
(43
8t
17
(94
w
002

[44
002
(43
002

00T

oy
L'89

L'69
8'8L
069
(4%
978
oey
989
L'19
8°89
069

0¢

0'e
01

0t
oS

66 °S 66 0 8 €1 16
0s€€ 0S¢ L L €1 06
0T '€ 0T 9 9 €1 68
96 '€ 96 ST e €1 L8
887 88 91 £ €1 98
0 1 0 0 4 €1 68
1S T 1s o1 1 €1 18
8€E'T 8¢ 6 L AR
S9T'E 91 S 9 AR
09 S 09 S S 71 18
SP ¢ Sy o1 4 1 08
0 1 0 0 (4 Tl 6L
0T T 0C 9 1 T o8L
ovtT ove ST L L
861'C 861 ST 9 1 9L
€90y £92 91 S s
TEHE TEE s¢ v 1w —
W Wl 8 € T €L pd
01 0 0 4 1z
01ve 1191 94 1 11 1L
CLTT SLT (&4 9 01 0oL
s 054 ¥ 9 o1 69
6L Y 6.7 St v 01 89
P6U€ 62 91 4 o1 L9
169°€ 15€ o1 € 01 9
01 0 0 4 ol $9
16)C 16 8 1 o1
12;C 1T 0z L 6 €9
877 81 9 9 6 9
6LYE 6LT 6 e 6 19
16)°€ 16 61 € 6 09
6L7E 6LT 8 S 6 65
01 0 0 4 6 8S
"(penumuod) gD 9[qEL
891 89 0g 1 6 LS
€1 €1 6 L 8 9
1VANA T1LT 01 9 8 1S9
€08'S €0¢€ e S 8 ¥
S6°€ S6T o1 4 g8 €S
10§°C T0¢ S € 8 5
0t 0 0 4 8 IS
RNT 921 L 1 8 05
65T 65£€ 6 L L 6
100°€ 100 9 9 L 8
Ve e L1 b L Ly
e C R 2 T 01 e L 9
$6T'T $ST Al € L Sp
01 0 0 4 L v
SErT 93 o1 1 L £
(AR T S L 9 (44
L8YE L8T L 9 9 Iy m
¥8'S ¥8C [4 S 9 oF ~
80y 8T ST 4 9 6¢
6L'E 617 L € 9 8¢
01 0 0 4 9 i€
9)7 9 4 1 9 9¢
669'€ 665 66 L S s¢
SPYE Syl 1 9 S ¥
78)'S 78 4 S S €€
€ 43 91 4 S €
LLYT LLT L € S
01 0 0 4 S 0f
e (42 ¥l 1 S 62
9p)E 9 0z L r
95T $91 81 9 v Lz
142404 1244 4 S 14 9T
LSy€ LST 1 ¥ v st

(ponupuod) ‘€D d[qeL



~mmmmmN-—-mmmmmnl\mN\o
—

—

NN~ MOMNNN NN

—

NN\DC\IV\N\D\O’NN\DV\WN&OOOOMMF‘MI\NMMMMMNFMK\OO

OOoOOoOWVOoOo

o o9

o9
N

o

0'S1
001
00s
0°S1

[=} (=} o
Moo MNNOOOOOVNNOOONOOSSOOVIOONODONO

—

o o9
— [S1 a1

]

o9
«

2

e =

cooooaeaQQ

2999

N

coQ

nogoQ
5 < N — =

> ococoo

cooooaag

WD en ™ = NGO F — = WO O

cocoaawn
N = = OO T

o99ang

<
=

agunoocownaes
<tV TN NTNVNT N NnM

ogogoagnag
W VIt oo

noocooQ
TV AT

Qnno

N no
wt oo

oy
0s
x4
(43
(&)
7%
£e
ST
0g

4!
122
£
0t
574

(43
8C
9¢
33
61
Ly
002
9t
9¢
(43
ov
[44
LE
Ly

81

8¢
oL
81

89
[A2
9¢
8¢
¥
00Z
PL
tL
8
8¢

00T
0s

001

001
9T

9
£9

o1t

8¢
0s
00T
08
S6

0oL
6'1L
9vL
1'S9
969
9°89

0oL
8°89

y9
¥oL
¥'L9
¥'69
0oL
¥'69
0°sL
059
189
§'s¢
£es
0oL
9°SL
ovL
143
0L
8'pL
S'L9
0oL
TSL
L

6'89

£'89
L'e9
0oL
v'L9
6°6L
079
8'69
1L
S'89
0oL
LoL
0°SL
0'¥9
v'89
6'S9
¥'89
0oL
00L
8Ty
0'L8
8y
8'69
S'79
evs
0oL
eLL
6°LL
0es
099
£'19
0'6S
0oL
8'L9

§T
0¢
(a4
oc
§T
01

011
0S1

S11
See
681
0LT
062
68T

SL

coe
081
1]74
$9T
0vz

S8
091

091
0LT
09z
01z

oy
0z
081

ove
01z

08

AT NN S NAOANANNN—NOVNANN— AT NANNN =N

0z

ove
S6l
092
974
00T

ort
09¢
691
SL
oL
SLT

06

09¢
081
002
00¢
s6l1

0t

SS1
Sy
0s
[S%7

¥4

%43
orl
0z1

o1l
0S1

ST
see
681
0LT
06T
$8¢

SL

cee
081
ove
$9T
0¥z

$8
091

091
0Le
092
012

oy
0z
081
0T
ove
01z

08

€ LSI
€z 961
7T SSI
7 vsl
7T 51
T TSl
7T 181
¢ 0SI
7T 61
17 8yl
1z Lyl
| KA 41
| YA 4 ¢
1z w1
1T vl
17 Il
0z 17l
orl
0z 6Ll
0z 8tl
0z Ltl
0z 9tl
0z Stl
61 el
61 gt
61 Ttl
61 T¢l
61 Ot
61 6C1
61 8Tl
81 LTI
81 9Tl
81 ¢TI

ON\DEMOQ'MNV\WNO

NNV T OO
—— N

—
m@[\-—t(\lmvII\OI\'-‘NMVWOB#NMQ‘WW[\—NH\Q‘V\\OI\'—'N
[=]
(]

N~NOVOX

“(penunuod) “€D JIqeL

81 ¥
81 €Tl
81 7
81 121
LT 02l
LT 611
L1 811
LT LTI
L1 911
L1 SIIT
LT Il
91 €Il
91 ZII
91 111
91 011
91 601
801
91 LO1
ST 901
ST <01
S #01
ST €01
ST 201
ST 101
ST 001
ST 66

1 86

P L6

1 96

PL S6

vl 6

1 €6

PL 76

—

—

I\OOQ'OM(‘:MOWV\OVXI\MDOOV\OI\Q'

ONMWP-O\V\OI\\Omﬁ

—— — N - —— —_

NN TNOE NN TNONO NN NNTNO—=N T
O
—

<
—

"(ponunuos) ‘gD IqeL

263

262



—e = NN N~
— o — —

NN NN NN
——

—

NnMNme M=t~ —namnt~aon
—

N~ NN
— -

AN~
— - —

—~ Qe —
—goony

—

— -

NN LTOAN™ROMNONNN—MNO NN~

8 0 0¢ 01 0¢ $8 oy 00L (UN 0 01 0 0 [4 g€e €T
01 001 0T 134 (V4 6¢ S v'L9 0t ozl 0t 0zt £ 6 e
€1 001 0T 0T oe 6¢ 0'¢ 8TL 0t S0¢ 0t S0¢ ol L e 1T
8 oS 0T oy 0¢ Ly 0T 89 0T 091 07 091 4 9 € 0T
S 0 1 194 0s 124 'l 1'89 oS ST 0'S 374 [4 S € 61T
0T 0 0T 0T oy 23 0t 908 0e 0se  0'¢ (U3 [ 14 7t 8IT
0z 0 0t 0T 0'¢ £e 07 £'es 0C 0se 0T 0se ST £ e LT
91 0 oy o1 0¢ 6t oy 0’69 01 0 01 0 0 [4 e 91T
6 001 0T 0T e 09 0¢ 6’18 0t S 0'e S £l L Ie SIT
€1 0 0T oy e L 0T §9s 0'¢ 091 0¢ 091 el 9 £ #1T
01 0 0T $9 %Y 24 01 1'89 oy /AN a4 Syt (4 1 e ¢1T
0T 0 (U4 09 ov (44 o1 Vo 0¢ 0Lz 0¢ 0LT st L4 1€ TIT
Tl 0's 0¢ %4 Se S9 0c 869 0t 06T 0t 06T (4t £ I 112
19 0 oy 01 o't 9¢ oy 0’69 01 0 01 0 0 [4 Ie 01T
9 001 0'e 01 0t (39 oy 01IL 0T €9 07T S9 6 1 1€ 60T
01 0's 0C 0T 0¢ 8¢ 0e eIl 0e olE 0¢ oL¢ 4 L oc 807
Sl 0 0T oy (Va4 9v 0T 59 0t 091 0'¢ 091 4 9 0f LT
L 0 01 $9 (39 or o1 8'L9 (V4 S¢T 0¥ SeT [4 S 0€ 90T
ST 0 0T 09 (W% Le 01 1°69 0t 08 0¢ 08 L 14 oe  S0T
Sl 0¢ 0c 194 oy 6T 0T 6L T 13 4 St S £ 0e ¥T
19 0 0t 01 0¢ LE oy 069 01 0 01 0 0 [4 0t €07
S1 0’ 0T 01 0¢ 9¢ oy Tyl 0T ST 07T 174 9 1 0¢ 0T
St 0 0c 01 13 oy ot 0'9L 0T sZe 0T sze 0l L 6T 10¢
4! 0 0¢ 0t (U4 or 0T 19§ 0T 0Ll 0T 0Ll el 9 6T 00T
L 0 01 9 (V03 8y o1 89 0s 0sz 0§ 0sT (4 S 67 661
ST 0 01 09 (Y 8¢ 0’1 6'0L 0'¢ 09 0¢ 09 Ll 4 6T 861
0T 0 01 Sy oy 122 Sl £'S9 07 001 07 001 (1)1 £ 6C L6l
0z 0 0T 0l 0¢ 14 oy 0'69 01 0 01 0 0 [ 6T 961
8 0 0e 01 0t ve (V4 0L ST 00t S°1 00t ¢ L 8T S6l
ST 0 0'¢ oy ot 8y 0T 9'1$ 07 orl 07 (48 0T 9 8T w6l
L1 0 0T 0L 0'S 9¢ 01 1’69 (U39 ST 0'¢ SLT £ S 8C ¢ol
4 0 ot 09 Sy 9¢ 0’1 Ts9 0t 66T 0'¢ 1SY4 6 ¥ 8T 6l
4 0 0t Sy oy 1€ 1 199 194 §9T ST 9T 01 € 8T 161

“(penunuod) ‘€D SqEL

0z

0 01 01 0¢ £t (U4 069 01 0 0’1 0 0 (4
o1 .o o..N 01 0t Se oy 6'TL 0T s¢ 07 133 S 1 NM MMM
01 0°¢ o.m 0t (U4 00T 0¢ 6°LL 0T 0z 01 0T 01 L Lz 881
el 0 0¢ oS (U4 14 1 [83Y 0¢ o1 0¢ (VA 4! 9 L L8l
9 0 o.m 09 se 44 o1 Ts9 0's 0sT  0'S 0sT 8 S L 981
[4! 0 o.m 09 oy St 01 9’19 0'¢ (AR 0gT (1)1 ¥ LT $81
S1 0 01 01 0c 134 o'y 0'69 01 0 01 0 0 [4 Lz 81
01 0 o.~ 01 0¢ 00T oy £9L 0'¢ ope 0t opt 8 L 97 ¢81
01 0¢ 02 (4 0¢ 09 0? Ty 0T 00T 07T 00T S 9 9T T8I
ST 0 01 0’s 09 ve 01 £'89 oS 09z 0¢ 09T € 1 9 181
0z 0 o.~ 09 oy 09 01 €79 0t 097 0t 09¢ st L4 9z 081
(4! 0 o.~ 0¢ oy 09 1 £'69 0e 09z 0¢ 09T 01 € 9 6Ll
St 0 o.N 01 0¢ 9s oy 069 01 0 0’1 0 0 [4 9T 8L1
9 0 01 01 0'¢ 29 oy £'69 0T St 07 SL 01 1 9T LLI
8 0 o.ﬁ 01 0'e (44 (V4 6'¢tL 0T 0S¢ 0T 0s¢ ¥ L ST 9Ll
01 0 o.— (N4 o'y or 0T 0°L9 T 0L1 ST 0L1 3 9 §T Sl
01 0 o.~ %Y 0 8T 01 789 oS o1z 0O¢ 01T [4 S ST vl
ST 0 01 09 oy (43 01 LeL S Sy §¢ 1974 9 14 ST tLl
[ 0 o.~ oS (U4 (44 01 £'69 0e oge 0¢ 0£T 1 € ST Tl
0t 0 oy 01 0t (44 oy 00L 01 0 0’1 0 0 [4 ST 1L
01 00t 0T 01 0¢ 0S (U4 6'CL 0T o1 07 01 £ 1 sz oLl
8 oSt 0¢ 01 0t 00T o'y 6L 0T o1 0T 01 £ L ¥C 691
[4 0 o.~ §T 0¢ SY 07 (45’ 0T 00z 07 00T S 9 ¥o 891
4 0 01 0L 0's St 01 069 0's S61 0 S61 1 S ¥Z 191
01 0 0l 09 oy 94 01 099 0t ozz 0t (1744 S 4 ¥ 991
66 0¢ 0T 194 oy ob 1 LS9 0T 0£T 0T 0£T 9 € ¥z 91
¥ 0 0’1 01 0t s9 oy 00L 0’1 0 0’1 0 0 [4 v v
£ 0 01 o,ﬁ 0¢ 09 oy S°L9 0T Tl 0T §e1 14 1 ¥o €91
8 0 o.~ o.H 0¢ 09 oy 0€L 0T 09¢ 0T 09¢ £ L € 1
01 0 o.N 0t oy 123 $T 0°s9 o¢ SLT 0t SL1 S 9 £ 191
8 0 0c m.o 0's 0s 01 9'¥9 oS 01z 0% 01¢ 9 < £ 091
(174 0 o.m 09 oy 09 01 £'8S ot oge 0¢ 0€T s1 ¥ €T 651
01 00T 0T 0t (V% (43 0T TLe 0T oge 07T 0£T 4 ¢ £ 8s1

‘(penunuoo) €D AqeL



: ’ ’ ’ ’ ) boT ovt 8 14 It 68
) 0’1 oy oy 00T 0t TLL 0 ove”
WM MM WM o.m 0T 0¢ ') 00¢ ST 0 ow Mw WMMM WMM m” \w. “ w WWM
s 66 [ 0 0t 09 os 00T s ) " ) s o
) ] ’ I 6'89 0§ [AY%Y [4Y4 £
6S 66 o1 0 01 08 oL 00T o ) e e s 5 H e
: 0 0l 08 08 00T 0’1 0oL ) i
mw MM Mw 0 0¢ oL s 00T 0L 9’15 4 owu.v 0sT bw M MW MMNQN
cE o %0 s o womogoe o§ o8 L pE
ST ST 0T 00T 3 ) i .
saop o bopon o oBom o4 mon B omoh ol g
’ 0t 09 Sy 00T g 3 : ;
mw MM MM o.mﬁ 0¢ 0'S ov 00T 0z 809 0t \.vu.m (444 W~ M ww MMM
oL 66 0T 0 (159 0¢ oy 002 0¢ 0'0L 01 0 " ob o ¢ s
re ¢ 66 0c 01 0T oy w ) . ) o o . 5 o oo
) " 1 oy oy [AY Sl TL9 $T K4
WW W M OM M.— 09 09 9¢ 0l I'69 0's §V3's 1974 [4 w Mw MMM
2iof . Bomo o oB B onowomo g BE
€9 ¢ 8 0¢ 0l 0¢ oy Ly 0z ) ) ) ¢ £ o ut
; ) ) ) (U4 0'0L 0’1 01 0
€9 11 €1 0 oy 0’1 [ 4 1€ . ’ ot 80y % 0 ¢ o
’ ¢ 0’1 ol ov €€ 4 1'0L ) ’
MM Mﬂ W M.A: 01 0’1 0¢ 0t 0P 98 0'e on@. 0S¢ Nw % MM m%
69 ¢l 8 001 0t ov e 62 sl v'09 0 oow.ﬁ 091 ’ : Pl
§s & 3 : o1 o5 or 4 o1 / WM MM MMWM MMM £l £ 68 99C
89 €1 81 0 01 09 ov 8¢ & . 0T S 0 : : o e
’ 0 oy 01 0'¢ 33 oy 0'0L . ’
iy ofom B 4o g o8 @ Bobmon il BE
69 T 8 oSl 0T 01 0t 09 ) . : ’ 5 o
" ) ) ) 1'89 0T 09)¢ 091 [4
g9 1 o 00t 0c 0T 0 €L 0 . : . 9 5o
) ) ) 1 L'89 v S65°y $6 9
99 ¢ 6 0 01 0L 09 09 o : i : . 3 o
) ’ ) §L9 o€ 090°¢ 09 4
9 ¢ 01 0 0’1 09 (004 (4> £1 ] . ) ’ P
y ’ ) i 989 0T V0T S¥e €
69 ¢ 6 oS 01 0T 0¢ 0s 53 ) g ooz : R : e ooy
’ 0 (Urd 01 0¢ (0 0y 0oL ) )
MW M M 00 0¢ 0t 0¢ 09 (V)74 £L9 07 000 001 8 I 8¢ LST

“(ponupuod) €D 3qeL

06 T 01 0 0¢ 0L 0's 123 Sl 0'68 $'e 09¢°¢ 09¢ 0z L4 LE 95T
L ¢ 9 08 0T 01 0¢ ¥t oy 1'8L ST 1334 1323 I L LE  SST
L9 ¢ 01 0 0l 0y 0'e 6t 07 6'1L 0T 009 00¢ 4 9 LE  ¥ST
re ¢ S 0 0T SL 0's 8¢ 01 9°L9 oy SLAY SLT 01 S Lt €57
¥ ¢ 9 0 01 0’9 (V4 6t o1 0L 0'¢ 062'¢ 062 9 14 Ly TSt
69 ¢ 6 0 o1 0y o'y 84 0C L'89 0T 082C 08¢ 6 £ Le 1St
s 8 4 0 (U4 01 0¢ 9¢ 0v 069 01 01 0 0 4 L 0ST
rL t Y oSt 0¢ 0’1 S'e 9 0y 6'vL ST 01T o1 s L 9t 61¢
L ¢ 8 o¢ 01 o' 0'¢ St 0z 879 0T 012C 01T 8 9 9t 8¥C
'L 01 8 0 01 oL 0s Ly ST ¢1L o'y oLy 0L L S 9¢ LT
oL S A 0 01 0s Sy 0t 0C £'69 0t 092t 09¢ ¢ 4 9t 9T
rLe ¢ 9 0s 0T 0's 0y (43 0T L'89 0T 08T 08 (A £ 9¢ ST
L ¢ 9 0 (U84 01 0¢ £ oy 0oL 01 0 1 0 0 T 9t T
e L 9 001 0T 01 0'¢ 134 (14 £'0L 0T 08 1T 08 S I 9t €T
oL 9 14 00T 0'¢ 01 0¢ 00T (U4 0vL 0T 099C 09¢ 4 L S€ e
oL T S 001 0T 0'¢ S'E 29 0T '¥9 0T 061°T 061 9 9 s€ T
8s ¢ ST 0 01 0'9 o'y 0t I 0'0L 0’1 0 1 0 0 S S€ 01T
09 ¢ () 0 01 09 (134 8¢ 0 989 0e [S Y 1394 v 14 SE 6T
$9 ¢ 01 0s 01 0y S'E 9$ 0T 1L §T 00€'T 00t £ £ St 8¢T
$9 1 6 0 0T 0’1 0e 9L oy 0°0L 01 0 1 0 0 [4 §¢ LET
s L 8 001 01 0T 0¢ SL oy §°69 0c 0Z1'T 0zt 1 1 §€ 9¢T
L9 1 9 0 01 0T 0'c s9 0t STL 0T 0€ET 0ce £ L Pe  SE€T
69 ¢ 4 0'S1 0T oy 0y 0L ¢l 0°L9 194 081°C 081 € 9 [ 4 ¥4
09 01 L 0 01 0L S's oy Sl 8'89 0’s Y489 Y4 (4 19 4 X ¥4
L9 € ol 0 01 (99 oty (43 0T $'99 s'e (A) 012 L4 4 vt TeT
69 ¢ 6 0's 01 oy (14 8¢ 0T 1'89 0T 00TT 00T [4 £ P 1€T
89 ¢ 0l 0 oy 01 oe 09 oy 0°0L 01 0 1 0 0 [4 vt 0€T
89 1 L 0 01 01 0¢ 184 0y L'69 0T $6 T $6 [4 1 L4144
re ¢ L 01 0e 0'¢ 0y 001 0t Lel 19 ore'e vt 14 L £t 87T
L ¢ 8 0 01 0e 0¢ 8¢ 0T 'e9 0T SPIT Syl 8 9 £ LT
89 ¢ 01 0 01 oL oS 12 01 (A2 oy (YA 4 0£T 8 S £ 9
€S 8 ST 0 0’1 (59 (U4 [43 0T 6'89 0e SL ¢ SL 4! L4 £E STT
oL L 8 0°s 01 0'e 0y 9 0t 8'6L ST 0€€T oee 0z £ €8 1T

‘(penunuod) gD 9yqeY,

267

266



7 0 z (4 o 1 0 0 1 6 0 T oI ¢ 0 0 €l v 149! 4 P10 L 6 LT 0f
1 T T 1 0 T 0 0 0 4 0 ¢ S ¥ 1 0 8 4 08’ 4 08’ 0 or w11 6T
1 1 4 1 0 o 1 0o o0 14 0 T § ¢ 0 0 01 0 96’ 0 96' 0 8 Lt o1 %
0 0 v T 0 1 0 0 0 S 0 € ¢ T 0 0 ol 4 0’1 (4 gl 1 9 1 A ST 4
1 r4 S 14 T 1 1 I | o1 0 oI II ¢ 0 € L1 9 81l 9 8I'T 0 L 9T 97
4 € 14 € 0 0 1 0 I 6 0 ¢ IL ¢ 0 1 14! 8 €11 8 €T 1 13 SN § SR > A 14
0 4 £ 4 0 0 0 0o 1 6 0 9 6 T 0 1 11 S 133 9 €8’ 0 8 A SA R4
4 0 € 1 Tz 0 0 0 L 1T ¥ 8 ¢€ 0 1 €1 z 01 z [/ S} €1 6 91 €T
0 0 € 1 I o0 0 0 o 4 0 T § ¢ 0 0 L 4 16 4 16 0 8 o 6 ez
0 0 (4 (4 0o 1 0 0 0 S 0 I § ¥ 0 0 L 13 Tl £ L0 €1 T o1 1T
1 4 (4 7 0 I 0 0 1 11 I 9 €11 0 0 L 14 6€'1 4 61 T 01 Ss1 1T 0T
0 0 £ 1 0 0 0 0o 0 €1 0 v 9 L 0 € 6 S o S or 0 [0 Lr 61
0 1 S 1 0 o0 1 0o 0 S 0 v § v 0 0 L 9 76" 9 6 0 €1 81 €1 8I
1 4 voT 0 T 0 0 0 L 0 9 o1 ¢ 0 0 11 L €L L €L 0 €1 T 81 LI
1 0 € (4 0 € 0 0 1 4! 0 9 ¢I ¢ 0 0 81 9 88" 9 88’ 0 91 L ¥ 91
0 1 T 1 0 0 0 0o 0 € 0 0 ¥ ¢ 0 0 4 € S8 € 143 0 L | A AR |
0 1 1 1 0 0 1 0 0 14 0o 1 v € 0 0 L 1 w 1 0w 0 8 v 8 ¥l
I 0 4 (4 0 0 0 0 1 6 0 € 9 9 0 0 11 14 ve 4 8 1 6 91  §I €I
0 4 v € 0 0 0 0 o0 o1 0 S 6 ¢ 0 1 6 6 (481 6 (A% SV [A SN S O 4
0 1 14 3 0 0 0 0 I 9 0 v 8 ¢ 0 0 8 L 06’ L 06 0 [ SENVA SRS SR b
0 1 4 1 0 1 0 0 0 L 0T 9 v 0 0 11 1 69’ 1 69’ 0 ST #1 Tl ol
0 1 I (4 0 1 0 0 0 1 0 1 6 9 1 0 ol 9 €8 9 €8 1 6 Lt 91 6
0 I 1 1 0 1 0 0 0 o1 0 0 ¢ L 1 0 6 4 o'l 4 orT 1 4 Lt 18
0 T 1 (4 T 0 1 0 0 9 0 ¢ ¥ 9 0 0 8 < 00’1 9 001l 0 14 61 €1 L
0 I 1 1 1 T 0 0 1 € 0 9 T T 0 1 €1 9 L6 9 L& 0 L v 0T 9
I 4 14 € 1 0 0 0 (Al 0 8 01 9 0 € 11 0T 901 01 %01 0 8 or v s
0 T € € 0 0 0o 0 o0 8 o vy 8 v 0 1 S o1 86 01 86 0 ol €l 91 ¥
0 r4 T € 0 1 0 0 o0 S 0 z 8 ¢ 0 0 9 L vL L v 0 I 6l €l €
1 0 4 T 0 T 0 0 0 L1 0 S ¥ § 1 1 91 9 86’ 9 86" 0 9 8 (AR
0 0 T T 0o 1 0 0 0 1 0 € 9 L 0 0 €1 € (A1 € A% ] 9 91 91 1
mg o ey YN ueld omw eisy YNH VNM VN red  p ¢z 1 e [easog suidly OMOTy (XOpU[ [y omoIy (xepul pewu a14yd wayor] Rn 1014
BISY -RISY -RISY -uuag -opuy -YN -wunomn) -SB0D) -ONOIY  -ONOIY Alls ry Auis -1s9y -ofug -OSBA
“YNA VN -YN -I2AlQ -IaAl(]

‘s101d oydures pafreIdp €67 A JO Yoes umnm KI0F1ed SUSLIONY Yoes ul pue £1032180 SMUOUOXE] YOBI UI SINOXE] Yora Ul $a10ads Jo saquinN '#)) 91qEL,

P e - — — R T—— il

fidenbeAr) onediog onsiy - 11 adanbe4) oregiag - g1 adarqumAs) sna8iog oryoed - ¢ ader
OB - 9 ‘[jonbekr) one8Iad - § {0I0qoAID) JraSiag drauny - ¢ [[1010q0AI1Y) d1jedIa - €

“BuIsSTW = 66 WIIOAL) oINPT 103USYLIOAS
qQuInAr) of[a815 - 8 daryooA1) od - g Gdaryookin 3819 - £ 4doryooAin) onadiag
T1010q0A1Y) 3198194 J10[R)) - 7 ‘1813 o108 - 7 ‘[1010qoAx) o1j98194 J1yoed - I¢

Buissjw = 6p1
D onagred - ¢ asudesokr) oadiag - Zt

Buisstw = 6671
‘Buisstw = 0614
“Bursst = g6 sor "BUISSTUI = ¢ ‘son[eA YeTess 10] I11 1vdey) S0

‘Burssiul = 66 i< “Futssiw = g6 ‘senpea Teress 10j [y mdeyd Sg

“BuIsSIW = g isc “BUISSIUI = 6§ ‘San[LA TeTeds 10§ ] 1dey) 25y
"1o1e318 99 A=UI INg ‘Wd () 1SBI] 18 S1BdTpUT WHISEI] 1€ NBIPUL WD Q] Jo Sn[ea ‘Buissiui = gz L

“Burssiut = 66 ‘s "Suissiw = ¢ !sonfea Jepess 10] I11 *3deyny %Sg
“Buissiu = 666¢
*adoysaot - ¢ ‘odofsi00j - ¢ ‘2dos3y0es100] - ¢ tadojsyoeq - ¢ ‘Iopmoys - Z wwns - I
‘Bussiu = g6¢c

‘Buissiur = 667

- 6 *Yueqmous 1waueuirad 10 Jutk[-ore] Axoa - g odofs N - ¢, :2dofs § - 9 HYURQMOUS WONOQ - § ‘UBGMOUS S[PPIW - 7 *3PIS MSAPIU - { 13PIS MSM - € “JIUWWNS - Z Opis mZmH w:”w
mw MM mw 0081 o”oa o“ao o”@a 00T 066 0'666 S 81 Se 81 66 9 6 €67
A 5 w o.m o.c o.m 00T m..ﬁ Sep e L61 e L61 Lz 4 Iv 26T
AR ) 5 o.m o.v m.m 002 o.m oy 0¢e €81 o€ £81 9T 9 Iy 162
0 0 %3 00T 0¢ Tss 0T L91 0T L9l Si 9 Iv 06T

(P3pA[OU0) €7y 2qEL



Table C4. (continued).

O == OO0 " OO0 NO— A OQCOOC 00 OO~ O~ —OO
NN~ OO OCOMNMNANNOON~ANNON—~N—MMONNN—~NNNO ~—OS N

MO TOO~ANNON A= 1NN TONNONOINTITNONNNOOTO NG
OO NN = ANNN A~ ANANN—~—~ NN~ NN~ ANOT O~ NN
CO~OOQLOLOOOOOOO—~CONOCO~NOO ~00UOO0O~00O0CO
COO0CO0O0C ~—~0O00OCOCOMNANNO=QONONONONNONTN—~—~NMNm
COOOCOCOOOOLOLOOLO O Mo rOFO = ~00DO0OoOOOO

COOCOOOO0OOOLORLULO~rO00O0OLCOOOCOCOOOOOOO

-t QOO 00O OO0 O~ NOOODOOLPOCO N OO0~~~ —~00Q00

ATV ONANXINAANXANNRATOVNO0ANTAROAIANNOOTNOTONO
— — — - — - - — ——

OPOO0OOCO ~COOQOONOCOITNO ~O OO0 ~CON—~O—~O O —

V\D\DNN-'——<VWV#‘QOOO-—-WNNO\DNW-—-VWIAOOMIAOO—VQ!\\DQO

10 1
10

O =N OVNNNWVMOUOYEEAYN AN NNITAANNOVON
— - — - — — = — — —

O TNANNAONNTANNONNNNONNOVOVAOANTNNO NN O NN N

4

CO0CO~—O0Q00O0O0OOOOOODOOOOCOOOOOOOOOOOOO
CO00COCOC~O0OMNNOOQLOOLO~—O ~O0N=rOoONO~NTOON~—~!N

NOONATHXONRNAANT T T OGTO —~N™N uovm\o\om-—m»o.—vch-—
—— o — — - — —— - —— —— ——

—
N
VRANANONEVOTO T TOANOTOONOOTMUANO TN~~~ N~

—_— —_ - — -

VOANANONEVOTO~ITITANOTMNONOOITMNANOTN— —~I~VI N~
—— - — ——

NOVNNXVEANNATANAN—TOVOVONORNNNVON LV N
8 VAN RSO R 'o.-—:—-:-—:(\!-:c\l.-—:z\!o;o.—-s‘ —gom\qxqs—-:—'
— — — — - ot T ot e T et - — o — — - — o —

COoO0O0OOOOCOOCO TN AN VOOOrO~OO~OON~O~OO—

ANV N = VO TONOOARAAANAODO T~ 0 WNMUNANT—=~OVOTOCOVOD

——— =1 —— - — —— — —— — et — —_— — N

SEON IR NnINE SRS INRLANRR 2RIFLVES
v v 0 o0 (=]

R RN NN RN YRR RNeRRR N2 RRY 2R IR Y

— M VWO ND —~NM NWOSORND —~NM NWOMSW0ONO N ol -3 e

270

Table C4. (continued).

oNNo—«oom—~~(\lcoo—c<\|—~m~O~Oooooo.~_<-—.~o.~~-cool

V-4—-'NON—-<—4N—-<OO—-<OOO-<—'MMON—<-'O-—1-—N--OOMNNN-

m~mN~mvt~\o~chﬂ-NNAmmv-—vm-—mmn\omwmmcﬂmhm—'

e NN N N NOMMMM O~ NM NN D

OOOOOO—‘#NOOO-—‘OO-—‘QOQF"—‘OOQOOO—'#O-—‘OQO——‘—'O

N-«m(\lmvv--d\lo———N——<——NO-—-OO-—OOOOVOO-—U—O-—VN-—'ON

ooo_°°OOOONo._._NN.—Q.-.—..“—-—ooo—--—ooo-—o-—--—-oo

OO-—‘OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

OOO-—40000ﬁ-—‘OOOOOOOOOOOOOOOOOOOOOOOOOOO

FRONNANFTO NN~ NN
— — — —

—
— —

OOmO-—*OO—‘mOOOOOOOO-—'OOOOOOOOOOOOOOOOOOO

ooo.—oov-—unooonn—-«—m-—-NmNmmmmNNvawl\l\Nmonaogowo
—_ — —
NOO\OWMVl\l\Vm'ﬁ——1-—#0(’1?(’1“00"(‘1OMNV—‘I\O\DWOOOOW\D
—— ———
VN-"hNNM\DNMWI\OOWI\VMV\VI\VM\ON\DMVNlh'hmﬁ"nvmo

MMMOGVON~OOOONOOOOOOOOG-—'OOO—'MOOOOOOMO

] o MO TNOQONYYO
QUAmAYoNonANNnR®AYNEERIRNERAE TR

12

9
14
19
11
12
10
18
16

—
—

-—-V—*I\MO\O\\Dm-—‘VV\DO\NOI\—*I\V\D\D\o—*—-<mlhoo::ﬂ

11
8
7
3
4

10

12

-—-uon\mvool-—~<r—-'l\mo~c\\ouo.-1vv~oo~<~10|\——nxv»oow———-uvwmao:ol
— —— -

0 N
0

o
+ 0

o~
©0

D 00
28R
-

1.35
1. 17
1.12

1.
1.13

— %
E:IIZ\ :?o;oo.
—_—

OON-—'-—'OO—-<MOOOOOOOOP-'OOO-'O—-'OOOOO—-‘OOO-—'-—-OO

HOMWOAMUVNANQMNANWV AN

oY MO RRt NN geanNBARRAILTRAR ANRER =
00 00 ) — N O — N — - QN
88322322;22252‘&22:2‘228‘2 TR =J2IZZRIARS
T T T,

PO RAO S NMTN V0RO ol ¢ S 2
%%E:ﬁflﬁ.\.\.\.\I\mwwwgwwwwwmmmmgmm mgggg_‘

271



13

14

16

11

85
.85

1.18

1.04

22
4
11
7

11
13
18

106 26
107
108
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Table C4. (continued).
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Table C4. (concluded).
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Table C4. (concluded).
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1Shannon-Weiner diversity index, see Chapter I1I = Chapter I1I for details.
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Table C5. (continued).

Table C5. (continued).
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