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WATER BIRDS AND THEIR WETLAND RESOURCIS
IN RELATION TO OIL DEVELOPMENT
AT STORKERSEN POINT, ALASKA

by

Robert 1), Bergman!, Beohert L. Howard?
Kenneth F. Abraham®, and Milton W. Weller

Department of Animal Ecology, Towa Btate University
Lomes, Towa  HOOTT

Abstract

During a S-vear study of the bird sopulations at Storkersen Point on the Alaska Coastal

Plain, 25 of the 72 species observed were recorded as breading. There are fow resident species in
an avifauna dominated by swimming and wading birds. To provide insight into hobitat use
and to devise syelems for protecting key habitals, wetlands were classified on the basis of size,
depth, vegetation, and water chemistry, The resulting eight classes then were related to hird
use,
Todeterming factors influencing differential use of classes of wetlands, and to provide a basis
for understanding the food relationships and problems of pollution of wetlands, invertebrate
populaiions were examined in major {reshwater wetlands. There is o strong relationship be-
tween the presonce of emergent Arcfophila and Carex and high inveriebrate popuiations. Peak
pepulations coincide with peak hatching of shorvebivds and ducks. 1t is concluded from Himited
sampling of bird food habils that invertebraies constituie the major food source for many bird
species on the Coastal Plain,

Heiention of large breeding populations of tundra birds is uncertain with the disturbance and
change that comes with oil development. Foremost problems will be pollution of these wetlands
with il and wetland modification by impoundment or drainage dee to road and pipeline
syslems.

RBased on the characteristics of the birds and their wetland resources, itis recommended that
preservation of tundes wetlands s vital to most breeding birds of the molst tundra.
Preservation should includer {1 Targe tracts where no oil development ocours, (2) small and
well-distributed units of aboutl 42 km?* which should be left undisturbed hul which sheould not
pravent oil removal, and (3) pretection of key production units from pollutants even in areas of
intensive development for oil,

I Deceased.

¢ Present address: U8, Fish and Wildlife Service, Federal Building, Kansas City,
Missouri 64106,

? Present address:  Depariment of Blology, Queens University, Kingston, Ontario,
{enada K71, 3N6.

¢ Present address:  Department of Entomology, Fisheries, and Wildlife, University
of Minnesota, S3t. Paul, Minnesota 55108,



Introduction and Objectives

Discovery and proposed removal of large oil and
gas reserves on Alaska’s Arctic Coastal Plain have
prompted national concern over pofential en-
vironmental damage (Bartonek et al. 1971). Current
industrial development is limited primarily fo the
vicinity of Prudhoe Bay, but activities are expanding
rapidly as construction of the pipeline for transport-
ing oil nears completion. Moreover, development of
potential resources of National Petroleum Heserve
Mo 4 to the west of Prudhoe Bay was approved by
Congress in 1975,

The effects of petroleum exploitation on arctic
faunas or habitats could be severe in this relatively
simple ecosystem. Serious damage to tundra vegeta-
tion resulte from mechanical disturbance of the
surface layer which is subject to seasonal freezing
and thawing. Although direct killing of wildlife may
be controlled in the area, the indirect and divect effect
of human activity may be harmful ic animal
populations (Bavionek et al. 1971). The tundra
ecogystem characleristically hag few epecies but their
populations oscillate widely. As a result, this sysiem
seems to be one that can exist only in large units
(Dhunbar 1973}

The most conspicacus habitat feature of the moisi
coastal tundra is the presence of extensive wetlands
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that cover 50 to 75% of the coastal plain (Black and
Barksdale 1949). Although the ice-free season is
short, these wetlands provide the principal attraction
for many water-related birds such as sea ducks, geese,
swans, loonsg, and shorebirds. Small lakes and ponds
probably are the most vulnerable part of the
landscape because they represent discrete units that
may cotlect pollitants, and both fauna and flora may
he eliminated withoul conspicuous signs.

The influence of ¢il spills on the invertebrate fauna
and the flora of such areas could be extremely serious.
Aguatic invertebrates seem to be a major food
resource for breeding walerfow! (except geese}, but
information on either invertebrates or water-bird
food habits from tandra areas is limited. KEvidence
from other habifats suggests that invertebrates
provide a significant portion of the diet of young
waterfow] of various species (Chura 1961; Bartonek
and Hickey 1869; Sugden 1569; Bartonek 1972, as
well as an essential nutrient source for laying female
ducks (Krull 1968, Bengtson 1871la; Krapu 1974)
Aguatic invertebrates are alse a major source of food
for shorebirds (FHolmes and Pitelka 1968).

The present study was established to assess
populations of water birds in relation to their aguatic
hahitats in the Prudhoe Bay oil fields (Fig. 1). Specific
objectives were to: (1) determine the importance of
this region to water birds, (2) derive a wetland
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Fig. 1. Location of Storkersen Point study area (black insert) and zone of current intensive oil
development {(shaded).



classification system that identifies important
relationships between birds and wetlands, (3) relate
the seasonal abundance and availability of aquatic
macroinvertebrates o use by water birds, and
(4) provide recommendations for minimizing
negative effects of petroleum development on water
birds.

This project was part of the Trans-Alaska Pipeline
Investigations conducted by River Basins Studies
(now FEcological Services) of the U8, Fish and
Wildiife Service. Field seasons extended from about
1 June to mid-August each year except 1970 when
field work ended in late July. Bergman was on the site
from 1971-1973 and part of 1974, Howard during 1972
and 1973, and Abraham during 1974 and 1975
Assistants included R F. Bartels (1971 and 1972), 1.
Janke {1974), and ). V. Derksen (1978} This
marnuscript constitutes major parts of a Phb
digseriation by Bergman (1974}, and M.5. theses by
Howard {(1974) and Abraham (1975) at lowa Biate
University. Weller supervised this work from 1371 to
1974 while employed at lowa State University and
during 1975 while at the University of Minnesota.

Key individuals involved in the initiation and
facilitation of the program were: L. W. Sowl, C. D,
Fvans, M. A. Monson, J. L. Haddock, and .l C.
Bartonek, Many other persons alded the program and
their help is sincerely appreciated.

We are indebted to numerous individuals who took
time from busy schedules to comment on an earlier
draft of this manuscript: 1. C. Bartonek, I} V.
Derksen, T. Dwyer, C. D). Kvans, R. T. Holmes, K.
FHussey, B. Kessel, C. Lensink, P. Meyers, H. Nelson,
¥ Pitelka, and L. W. Sowl. However, we assume fotal
responsibility for the final siatements.

Robert I). Bergman, Larsy Haddock, and Leenard
Boughton of the U.S. Fish and Wildiife Bervice and
their pilot, Rebert Johnson, were lost when their
plane went down during aerial surveys in south-
central Alaska in the fall of 1974, Itis sincerely hoped
that the results and recommendations presented here
will help reduce the potential damage that concerned
these dedicated men.

Study Area

The study site is near Storkersen Point (Lat.
70°24'N, Long. 148°43'W) on the ArcticCoastal Plain
adjacent to the Beaufort Sea (Fig. 1). Field quarters
and landing strip were afforded by an abandened
DEWline site at the eastern edge of the study area
known as Point Mclntyre. The clumatic regime of the
summer months is reflected in data on snow cover
and physical characteristics {Table 1).

Efforts were confined mainly to an 18Jom® area
bordering the Beaufort Sea coast on the north and
extending inland 7 km. A capped well is present at
Storkersen Point, bat, as of 1975, major oil operations
were 20 km southeast near Prudhoe Bay., The
Kuparuk and Sagavanirkick Rivers form large deltas
about 8 Lk  westnorthwest and 25 km  east
southeast, respectively, of Storkersen Point (Fig. 1).
The region is part of what Pitelka (1974) termed the

“entral River Sector of the Morth Slepe. Elevationsin
the study area range from sea level at coastal lagoons
0 10 m on surface residuals a few kilometers inland.
The Return Istands form a barrier that affords some
protection to the shoreline from wind and sea ice.

The coastal plain is an unglaciated, emergent
region of the continental shelf and has low rehief and
poor drainage. Total area exceeds 65,000 km?, and
the east-west length is about 800 km. Typical relief
features are numercus lake basins, polygonal ground,
ice-cored mounds (pingos), and relief characteristics
of streams and gentle slopes (Hussey and Michelson
1966). Surficial materials on the study area and most
of the coastal plain are marine silts, sands, and
gravels of the Pleistocene Gubik Formation (Payneet
al, 1961).

The Arclic Slope is underlain with permafrost to
depths of 508 m (Wahrhaftig 1965; Brooks et al. 1971),
portions of which may be products of earlier climates
(Pewe 1967). North of the Brooks Range, precipiiation
is as low as 10.2 om annuvally, but arid surface
conditions are prevenied by low evaporation and
{ranspiration rates and by the lack of sublerranean
drainage because of permafyost (Johnson and Hart-
man 1969). The Arciic Slope is further characterized
hy poor soils {Everett 1975} and tundra vegetation of
fow growith form (Spefzman 1953; Wiggins and
Thomas 1962, Nieland and Hok 1975, Webber and
Walker 1975). In spring, water from rapidly melting
snow flows over frozen surfaces and fills the
numerous shallow thaw lakes and ponds, streams,
and rivers (Irving 1972}, As summer progresses, the
active layer thaws to a depth ranging from 16 cm io
4.66 m, depending on soil type, exposure, drainage,
and climate. Standing water disappears from some
depressions late in July, but the perceniage of the
surface area covered by wetlands remains high.

Thaw basins on the Arctic Coastal Plain may form
wherever water accumulates on the surface due to
restricted drainage (Carson and Hussey 1962)
Basins originate in low-center polygons and at
junctions of ice wedges. Water impounded in these
depressions is heated by insolation in summer and
thaws the ground ice below. Alternating processes of
freezing, thawing, and waler movement enlarge and
deepen the basins. As the basins enlarge, hreaching



Table 1. Weather data and phenological events at the Storkersen Point study area from about 1 June to
15 August each year except 1975 when field work ended in late July.
1971 1972 1973 La74 1975

Mean temperature (C) {1 June-14 Aug.}

Daily average 5.0 2.8 3.3 2.8 —

Daily minimum 1.1 0.6 0.6 3.8 -1

Daily maximum 7.8 5.0 hbB 5.6 4.4
BExtreme temperature ()

High A48 ib.6 24.4 26.1 21.1

Low -3.3 -4.4 2.8 -8.3 -6.7
Wind

Prevailing direction ENE ENE MNE NE NE

Mean velocity (km/h) 177 8.3 16.1 — —

Highest steady velocity (km/h} 56,3 4.4 6.3 . e
Bky condition (Percent)

Clear-partly cloudy 5O 40 40) 47 —

Overcast 5 3h 45 37 P

Fop 15 25 15 17 —
Snow cover (Date) .

50 percent 3 June 10 June 4 June 10 June 10 June

Small wetland ice-free & June 15 June 10 June 18 June 11 June

Largest lake (60 ha}

Iee-free @2 tune 2 Jduly 1 Suly 8 July 2 July
of ghorelines by thawing resui!;s" in fusion or i'n Part LPird ?(}pulations
drainage. Much of the coastal plain land surface is
marked by numerous such drained basins in which FProcedures
second generation wetiands have formed in the . . .
hottom of the drained lake (Livingstone et al. 1958} Numbers of waterfowl {(Anatidae), loons

Based on size and shape differences of thaw lakes,
Carson and Hussey (1962} divided the coastal plain
into eastern and western seciions, separated by a
boundary paralleling the Colville River at ap-
proximately longitude 1562°W. In the eastern section,
which included the study area, wetlands generally
range from about 3 m to rarely more than 1.6 km in
length. In the western section, wetlands frequently
exceed 1.6 km and several aremorethan 13 km long.

Thaw lakes commonly are elongate with the long
axis oriented 10 to 15 degrees west of true north.
According to Carson and Hussey (1962), regularity in
bagin orientation is cansed by a system of circulating
currents set up in the lakes by prevailing northeaster-
Iy windas.

{Gaviidae), phalaropes {Phalaropodidae), sandpipers
{Scolopacidae), plovers (Charadriidae), and jaegers
{Stercorariidae) were appraised by weekly or biweek-
Iy censuses conducted by two or three men. Birds were
counted on two 2.6-km? plots in 1971, and a third plot
was added during the period 1872 to 1875, The three
areas were sections 13, 24, and 25 of R 13 E, T 12N,
Umiat meridian, as shown on the 1970 U5
Geological Survey maps 2561 1 NW ana 2561 SW (Fig,
23. Because home ranges of whistling swans (Odor
columbianus) were larger than the census plots, swan
densities were estimated from cbhservations on an 18-
km* area frequently traversed by the investigators.
Other birds were counted on a strip 8 km long and
100 m wide in 1971 and on nine widely spaced
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guadrats of the same length but 200 m wide tolaling
1.6 km? in 1972 through 1975 (Fig. 2).

Although no attempt was made to find all nests,
those found in the study area were marked with a
garden wand and the location was vecorded cna map.
During 1971-73, nests were rechecked approximately
weekly to determine cluich size and nest success. Any
nest in which one egg or more hatched was considered
successul.

Nesting Species

Water-reiated birds deminated the bird fauna near
Storkersen Point. Of the 25 species that nested in the
study area, 11 were swimming birds (waterfowl,
loons, and phalaropes), and 4 were wading birds
(sandpipers). In addition, black-bellied plovers
(Pluvielis squatarola), jaegers (Stercorarius), and
glancous gulls (Larus Ayperboreus) occasionally used
water areas. Lapland lengspurs (Calcarius lap-
ponicus) and snow buntings (Plectrophenax nivalis)
were the only breeding passerines, primarily because

brush and shrub habitats used by otherspecies on the
Arctic Siope (Kessel and Cade 1958; Pitelka 1974) do
not exist on this portion of the coastal plain.

Eighteen of the 25 species of nesting birds arrived
when snow covered more than 75% of the tundra
{Table 2). Water used by black brant (Brania
nigricans), ducks, and red phalaropes (Phalaropus
fulicarius) at this time was in tundra depressions or
partially thawed ponds. Terrestrial or grazing birds
occupied snow-free patches of tundra. The arctic loon
(Gavia gretice) and red-threated loon {Gavia stellata)
were among the last birds to arrive.

Refore theice had melted at Storkersen Point, water
birde gathered in nearby staging areas where wateyr
was available. Each vear, arctic loons, red-throated
loons, and king eiders (Somateria spectabilis) concen-
trated in deltas of the Sagavanirktok and Kuparuk
Rivers and adjacent zones of the Beaufort Bea where
rivers carried mell waier to the coast from the
phenologically advanced Arciic Foothills and in-
terior coastal plain. An extensive zone partially free
of snow and ice also surrounded oil facilities a few

Table 2. First sighting of 25 species of breeding birds in relation to spring thew, based on observations from
30 or 31 May each vyear, 1971-75, at Storkersen FPoint.

Maximum
Hange of STLOW
arrival cover
Species dates {(Percent}
Whistling swan (Olor columbianus) a > 80
Glavcous gull (Larus hyperboreus) &40 1 June = G0
Lapland longspur {Calearius lapponicus) 2t 1 June > 90
White-fronted goose {Anser albifrons) & 4o 3 June > 90
Danlin (Calidris alpine & to 3 June = 90
Baird's sandpiper (C. bairdii) %6 3 June > 6
Semipalmated sandpiper (C. pusilla} 840 4 June > 90
Ruddy turnstone {Arenaric interpres) *_’ to 4 June > 90
Snow bunting (Plectrophenax nivalis) 4 > 40
American golden plover (Pluvialis dominical &4y 5 June >Th
Oldsquaw {Clangule hyvemaualis) a o 5 June > 75
Pectoral sandpiper {Calidris melanotos) 2t 5 June > 5
Pintail fAnas acute) ey 7 June >5
Black-hellied plover {Pluvialis squatarola) to 7 June >Th
Parasitic jacger (Stercorarius parasificus) e 3 dune > 75
King eider {Somateria spectabilis) i to O June > ih
Red phalarope (Phalaropus fulicarius) 1 to & June >75
Black brant {Branta nigricuns) 2 to 3 June > Th
Long-tailed jaeger (Stercorarius longicaudus) 2 to 11 June =75
Northern phalarope {Lobipes lobatus) 2 to 11 June 50-75
Hed-throated Joon (Gauvia steflata) 5 ta 11 June 25-50
Arctic loon {Gavia arctical 7 te 12 June 25-50
Spectacled eider {Somateria flscheri) 7 to 16 June 25-Ki)
Buff-breasied sandpiper (Tryngiles subruficollis) 7 e 16 June 0-25H
Long-billed dowitcher (ELimnodromus scolopuceus) 16 to 29 June 0-10

U ogys : : 3 : :
Birds on study area when investigators arvived on 30 or 31 May.



kilometers south at Prudhoe Bay, but this early
melting was probably caused by road dust covering
the snow (Benson et al. 1975).

{Jf the total number of birds in the stedy area each
spring (Table 3}, shorebirds {plovers, sandpipers, and
phalaropes) made up 60 to 70%, and waterfowl
represented about 15%. Red phalaropes were most
abundant, ranging from 15 ic 37 birds per km? in
June. Among waterfowl, densities of pintails fAnes
acute), oldsquaws (Clengula hyemalis), and king
eiders were highest, but about 80% of the pintails were
males, suggesting that most were nonbreeders. Only
two pintail nests were found, both In 1973 when the
Prairie Pothole Region was dry, and no broods were
seen. Pitelka (personal communication) indicates
that breeding of pintails is more regular in the Point
Barrow area. Nonbreeders formed approximately 50
to 7% of the black brant and white-fronted goose
{Anser albifrons/ populations in June. Lapland long-
spurs varied from 10 to 49 birds per km? and
constituted the dominant upland bird.

Nest initiation by summer residents closely fol-
lowed their arrival (Table 4). Whistling swans,
semipalmated sandpipers {Calidris pusilia), and
Lapland longspurs began nesting first, and loons and
buff-breasted sandpipers {(Tryngites subruficollis)
started last. Laving was late in 1972 (Table 3},
especially for early nesters, due to a delay of
approximately 1 week in thawing of snow and ice in
nesting habitats. Nesting occurred mainly during
periods shown in Fig. 3. Because no attempt was
made to find all nests in the study area, numbers
shown in Table 4 give enly a relative index of nest
densities for the majority of species. Red phalaropes
and semipalmated sandpipers nested in the highest
densities. Pectoral sandpipers (Calidris melanotos)
and dunlins (Celidris alpina) undoubtedly nested in
larger numbers than indicated in Table 3, but females
usually flushed so far from investigators that they
could not locate the nest. All nests of loons and
whistling swans and most nests of eiders and whife-
fronted geese probably were found during the study,

Table 3. Range of densities of 24 species of breeding birds as shown by lowest and highest values recorded in
June, July, and August 1871-75.
No. per km*
June July J-15 August

Species Lirwe High Fow High Low High
Arctic Joon 0.0 1.6 1O 29 1.6 2.2
Red-throated loon 0.0 1.6 0.1 1.6 01 1.6
Whistling swan 2.0 0.1 0.0 0.5 0.0 0.4
Black brant? 0.0 5.1 0.0 2.0 0.0 0.0
White-fronted goose? 0.3 1.6 0.0 2.0 0.4 8.6
Pintail? 0.3 7.8 0.0 6.6 8.6 211
King etder 0.3 8.9 0.1 3.5 0.4 1.2
Spectacled eider 0.0 1.8 0.0 0.4 0.0 0.6
Oldsquaw 0.3 5.1 1.2 4.3 0.1 9.0
American golden plover 0.1 3.8 0.0 3.5 (.0 5.9
Black-hellied plover 0.0 0.6 (.1 1.6 (.4 2.3
Ruddy turnstone 0.0 3.2 0.0 0.4 0.0 0.4
Buff-breasted sandpiper 0.0 0.0 (.0 3.0 0.0 3.2
Pectoral sandpiper 3.8 22.0 2.5 19.0 8.0 404
Dunlin 9.0 21.2 .0 200 5.0 16.0
Baird’s sandpiper (.0 4.0 0.0 6.0 0.4 5.0
Semipalmated sandpiper 11.0 20.0 8.0 47.0 2.4 173
Red phalarope 15.6 37.0 22 42,0 8.0 1.9
Northern phalarope 0.0 5.0 0.G 3.0 G.0 53.2
Parasitic jaeger 0.4 0.5 0.1 1.2 0.0 0.8
Long-tailed jaeger 0.0 0.4 0.0 0.4 0.0 0.4
Glaucous gull 01 0.2 0.2 0.3 0.3 0.3
Lapland longspur 10.0 48.8 6.0 16.0 2.4 5.1
Snow bunfing 0.0 3.0

0.0 4.0 0.0 5.0

8 Nonhreeders made up 50 to 7% of the popuiation in June.

b

Nonbreeders made up more than 90% of the population in June.



Table 4. Estimated date of first egg layving and clutch size of birds al Storkersen Point, 1971-73.

Bst. datle first

N)(; epg laid in June Cluteh size

Species nests 1971 1972 1573 Mean Mode Range No.
Arctic loon 42 20 23 21 2.0 2 ~ P 2
Red-throated loon 28 18 25 21 1.8 2 -2 21
Whistling swan 4 i 12 - 3.0 3 e 3
Black brant i1 5 14 12 5.0 ] oy 4
White-fronied goose b s h 9 4.7 4 -5 7
Pintait Z - — 8 6.0 & 3] i
King eider 32 2] 14 10 4.5 4 2-17 17
Spectacled eider 4 — 21 — 4.5 4-5 4-5 4
Oldsquaw 16 4] 19 23 8.7 7 &7 3
Golden plover 13 7 22 4 3.8 4 3-4 10
Black-bellied plover i — 20 — 4.0 4 4 1
Ruddy turnstone I = 20 — 4.0 4 4 i
Bulfbreasted sandpiper 4 17 24 22 3.8 4 34 1
Pectoral sandpiper P i 26 —— 4.0 4 B s
Dunlin & 20 7 16 4.0 4 -4- 7
Baird's sandpiper 5 10 — 3.6 4 34
Semipalmated sandpiper 34 4 H & AR 4 A4 25
Hed phalarope 46 14 15 15 3.8 4 Hedf 30
Northern phalarope 2 14 20 4.0 4 i 2
Parasitic jacger 7 14 16 10 2.0 ¥ -2~ 7
Long-tailed jacger 4 18 14 12 2.0 2 L 4
Glaucous gull 3 — — 16 3.0 3 -3- 2
Lapland longspur 15 & 7 1 0.6 5 37 4
Snow bunting 8 @ 12 1t 6.0 G -t 2

because incubating birds were conspicuous and
considerable time wasg devoted to this effort. Data on
clutch size shown in Table 4 represent those nestsin
which egg numbers did not change on subsequent
nest checks made about 1 week apart. A ved phalarope
nest containing eight eggs is notinciuded in Table 4,
because two females probably laid in the nest.

The number of avian predators such as jaegers,
glancous gulls, and common vavens (Corvus corax)
did not appear to vary over the 5 vears. Mosi
predation seemed to be by aretic foxes (Alopex
lagopus} which were present each vear but could not
he counted. Losses of eges of loons, eiders, shorebirds,
and jaegers were lowest in 1972 when there were
{fewer sightings of foxes (Table 5), One gray welf
{Canis lupus) was observed in 1974, and one barren
ground grizzly bear (Dreus horribilis) was seen in
1975.

In addition to reeruitment of voung, emigration
and immigration of birds influenced composition and
densities {Table 3) of populations in the postnesting
period. Changes were most noticeable for sexually
dichromatic species. Male king eiders and speciacled
eiders fSomateria fischeri) abandoned their matesin
late June or early July and migrated to sea; females
unsueccessiul at nesting left by August. Male old-
sguaws moved to the coastal waters of the Beaufort

Yen in mid-dJuly to pass thewr flightless stage.
However, numbers of oldsquaw increased on the
study area in August, because females without young
grouped on a large lake during their annual wing
moli. Female red phalaropes gathered in large flocks
and emigrated in Iate June or early July, and most
adult males were gone by Auvgust. Large flocks,
presumed to be mainly juveniles, reappeared in
August in some years. Increased densities of white-
fronted geese and pintails in Avgust (Table 3)
resulted from ap influx of pestmolting birds.

The latest chservalions were made on I and 2
September 1973 when loons, swans, and female
oidsguaws occupied the same wetlands they used in
August, and flocks of pectoral sandpipers and snow
buntings (Plecirophency nivaelis) were common.
MNumbers of other species, however, were con-
siderably reduced from summer levels. Species not
gseen in  September included ruddy turnstone
{Arenaric  interpres), buff-breasted sandpiper
{Tryngites subruficollis), Baird's sandpiper (Calidris
bairdii), semipalmated sandpiper, and long-tailed
jaeger (Stercorarius longicoudus). Few red
phalaropes were on the study area, bul several groups
of immatures occupied coastal waters of the Beaufort
Sea,
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Fig. 3. Chronology and duration of nesting at Storkersen Point, 1971-71.
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Table 5. Fstimates of nest success and production for hirds in the Storkersen Point area, 1971-73

<

1 addition to the 26 species of hirds known to breed
at Storkersen Point, 47 species of birds were observed
bui not found nesting (Table &) Some obviously
visited from nearby nesting or roosting areas
Canada goose (Brante canadensis), lesser snow
goose (Chen coerulescens), common eider {(Semateria
mollissima), glavcous gull, arctic tern, and common
raven. Based on brood sightings, a few Canada geese
negted on the mainland about 10 te 15 ki south of
Storkersen Point and in the Kuparuk River delta. In
1973, nests of 40 lesser snow geese were found on
Howe Leland in the Sagavanirkiok River delta. The
colony seemingly was first established in 197U {Gavin
1975) and is the only known nesting colony of lesser
snow geese on the North Slope of Alagka although
single pairs were known to nest (King 1870}, Common
eiders, king eiders, glaucous gulls, and arctic terns
nested on gravel islands a few kilometers off the
maintand coast (Schamel 19740 Although snowy

1971 1972 o7
Pereent Percent Percent
nest Average nest Average nest Average
HUCCEES VOUnRg SHCCESE young FUCLEHS VOung
Species (Mo per kan? (Mo per km? {Nu.) per km?
Arctic loon 28(14) 0.4 15 0.7 BA(10) 0.6
Red-throated loon JHE) 0.3 TEH 0.6 45(9) 0.4
Whistling swan 100(1) 0.2 1001 0.4 100(1) 2
Black brant 0(4) 02 — (23 —
White-fronted goose W0 0.6 100¢43 4 50(2) 0.0
Fintal - — — —— (23 e
King eider (K3 0.4 151 1.6 016} (0.4
Spectacled sider — — B0(2) 0.2 (L) —

- (Mdeguaw (3{4) — (063 (0.3 ((6) —
Oolden plover EETE (1.4 GO0 1.0 2303 0.6
Black-ballied plover — 2 1O0(1} (.2 — 4.2
Ruddy turnstone - — (£ )) 0.2 — e
Buff-hreasted sandpiper 0(1; A2 0.4 (1) —
Pectoral sandpiper Oy 0.4 — 5T - 3.9
[Junlin K2y 1.6 13004 130 3333 9.8
Baird’s sandpiper — (14 6733 2.0 o0ty 1.2
Semipalmated sandpiper 1HLS) 2.3 HA(8) SR Th(4) 6.6
Red phalarope 17{23) 2.3 S0010) 117 25(8) 0.6
Northern phalarope 81 .4 — .4 0.4
arasitic jacger 0(2) —_— 100(2} 0.6 S0 0.2
longlailed jaeger 0(1) e 1000 0.2 (L)

Glaucous gull 100(1) 0.2 1001 0.4 — —
Lapland longspur (4} 1.2 805y 3.1 6HE) 2.9
Snow buating G7(3) 0.8 100(H 08 1O 0.8
Total 12.1 457
Visitors owls (Nyeteg scandinca) were observed in all months

of the study, their occurrence was irregular during
weekly censuses.

Piscussion

The bird fauna near Storkersen Point refiects the
preponderance of aquatic habitats as opposed to the
scarcity of other avian habitats. Only 25 of 72 species
nested on or near the study area. Gf these, 20 species
were water-related birds (loons, waterfowl, shore-
birds, and gulls). The only terrestrial birds observed
nesting on the study area werelapland longspurs and
show buntings, probably because tall brush and
dwarf shrub habitats used by other species (Kesszel
and Cade 1958) did not exist on this portion of the
coastal piain. Neither snowy nor short-eared owls
nested on the area during this study but snowy owls
hunted in the area and may nest in high lemming
VERrs.



The number and composition of breeding birds
near Storkersen Point 18 comparable to information
published about other arclic ceastal tundra arsas.
Kessel and Cade (1958) listed 51 speciesin the coastal
region, hui ai least 15 were considered yave and
sporadically distributed. Andersson (1973 reported
30 species possibly nesting at Nuvagapak Point,
270 km east on the Beaufort Sea coast, and status
and densities of birds were sumilar to birds foand in
this study, Gavin (1975) observed 67 species on the
entive plain and sugpested some breeding by at least
24 species. A thorough analysis of published data
through 1974 by Pitelka (1974} indicates that, of 87
species known to breed on the entire North Slope, 44
species breed regularly on the coastal zone. However,
only 22 breed regulavly at Point Barrow and 13 hreed
occasionaily.

The apparent  geclogpical and  vegelational
homogeneity of the ceastal plain in the Prudhoe Bay
tundra indicates that nambers and status of bivds at
Btorkersen Point is fairly representative of the region,
Htudies just a few kilometers inland (Norton et all
1975) vefiect similar dominant breeding birds but also
some casual migrants that we did not observe on the
coastal areas. Number of species probably ig even
higher along inland nver valleys whare habitat
diversity 1s greater, but coastal areas, of which the
Arciic Coastal Plain habitat af Storkersen Pointisan
important segrment, are sxceptionally valuable to
breeding birds such as black brani, king eciders,
oldsguaws, and many shorebirds.

Part [I—Wetland Types 1n Relation to
Water Birds

Frocedures

Physical and vegetational characterisiies of
agquatic habitats were appraised during late June and
early August of 1972 and 1973, Wetlands {defined
here as cleariy-defined basing holding water part of
the summer) sampled were those encountered while
walldng alomg seven east-west lines spaced ap-
proximately 1 km apart; four of these transects were
3.2 km long and thres were 1.6 km long. In August
1972, measurements of water depth and plant
distribution were made in all wetlands within the
7.8 km? arsas used to census loons and waterfowl,
Bampling procedure in 1972 involved determining
water depths, hvdrogen 1on concentration (pH), and
free carbon dioxide. Water depths, recorded as the
distance from wafter surface to the sorface of basin
sediments, were measured 1 m from the eastern and
western shores and in the center of the basin. Thetwo
shoreward measurements and two measurements in

the center of the basin were used to caleulate mean
water depth of cach wetland. Hydrogen-ion concen-
tration was determined with a Hach pH Kit (Model
TT-IY. in 1973, specific conductance of surface water
was measured in 18 ponds with a Hach Conduciivity
Meter (Model 2510} that recorded in micromhos per
centimeter. Temperature was recorded in ponds of
different gizes with Marshalitown Model 1000
centinuossrecording thermographs,

In June 1972, two lines were established across
each wetland in east-west and north-south directions,
and the presence or absence of various plants was
recorded at 10-om intervals along each line. During
August of 1972, visual estimates were made of the
percentage of each wetland supporting vegetation.

Use of weilands by loons and waterfow!l was
appraised by weekly or biweekly ground surveys via
the same technigues used for assessment of pop-
ulations of small birds, Base maps prepared from the
1.8 Geological Sorvey 1:24,000 series Orthophoto-
map {(Topographic) were used to record locations of
water bivds.

Charecteristics of Wetlands

Characteristics of wetlands useful in deriving a
classification systemn were size, depth, species, and
abundance of vascular aguatic plants and water
chemistry. Data on thermal regimes alsc were
collected.

Hize and depth.—Wetlands near Storkersen Point
varied from small, flooded tundra depressions a few
meters long to open lakes or marshy, partially-
drained lake basins over 1 km long. Still larger lakes
were prominent further inland and in the weslern
part of the plain. Depths ranged from a few cen-
timeters in flooded tundra to a maximum of 1.1 min
the larger lakes. Flooded depressions and small,
shallow ponds rimmed with sedge (Carex aquatilis)
were the most numerous wetlands, representing
nearly one-half of the total wetland area during the
peviod of available squatic habitat, Thelr small size
tessoned their use by large water birds. Large lakes
and marshy areas in partially-drained basins provid-
ed the largest units of permanent aguatic habitat.

The relationship between surface arca and waler
depth of wetlands (Fig. 4) revealed that mean depth of
the smaller classes of firsi generation basins in-
creased directly with increasing surface area. The
relationship was less predictable in the large size
classes because of pariial drainage of these wetlands
or union with adjacent basing lying at a lower level,

iReference to trade names does not imply Government
endorsement of commercial products.
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MEAN WETLAND DEPTH (CM)
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Wig. 4. Relationship between mean water depth and surface area of first and second generation wetlands, 2-8 Avgust 1973,
Sumple size shown by poinis.

{n contrast, second generation wetlands formed in
drained basins showed a uniform increase in mean
depth as basin area increased. Presumably, drainage
of these newer basins was rare because of their low
elevation.

Firgt generation wetlands can atiain considerable
size before drainage occurs. Several lakes of more
than 150 ha and more than 1.5 m deep occurred
within 10 km of the study site. Conseguently, the
depth-area curve for that region would differ marked-
ly from Fig. 4.

Factors other than drainage also contribuied to
variations in the direct relationship between basin
area and water depth. Carson and Hussey {1962)
ascribed differences in depth of similar size thaw
lakes near Barrow, Alaska (Lat. 71°20'N, Long.
156°5(YW), to irregularities in ground ice distribution,
particle size of sediments, and individual basin
histories. In the Storkersen Polnt area, a noticeable
cause was recent coalescence of two or more basins
which, in effect, increased surface area veiative to
water depth.

Vascular waguetic plants.—Distribution  of
vascuiar plants in wetlands on the coastal plain is
influenced by water depth {Britton 1957 Fig. b
illustrates the occurrence of Carex aguatilis (water
sedge) and Arctophils fulve (pendant grass) in
relation to water depth of wetlands near Storkersen
Point: depth measurements were taken at the shallow
and deep water margins of stands. Of 69 stands
examined, T, aquatilis was prevalent on moist soils
and progressively less so at increasing water depth;
plants were not found at water depths greater than
30 cm. Optimal depths for A, fulve (52 stands)
occurred between 20 and 45 cm, and plants were
absent in depths exceeding 80 om. Few stands were
encountered that contained large numbers of both
species, and an obvicus belted pattern in wetlands
resulted where C. aguaiilis formed shoreward stands
abutting deeper water stands of A. fulve. The
interseciion of depthireguency Ynes in Fig. 4
indicates that 15 em is the most freguent depth
interface betwsen the iwo species. Because
aguatilis and A. fulve are dominant vascular plante
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Fig. 5. Occurrence of Carex aguatiiis and Arctophila fulva in relation to water depths. Measarements are an average of
mintmum and maximum depths in stands found in 80 wetlands, 2-3 Augast 1973,

in freshwater habitats near Sforkersen Point and
throughout the coastal plain (Spetzman 1959), the
distribution of these emergents is a good indicator of
changes in wetland basing resuliing from thawing of
the permafrost.

Other wvascular plants found in  freshwater
wetlands near Storkersen Point were less widely
digtribnted than Carex aguatilis and Arctophila
fulva: Eriophorum angustifolium, E. russeolurm and
£, scheuchzeri often formed mixed stands with €.
aguatilis but were less tolerant of standing water; few
such plants grew in depths greater than 10 om. E.
angustifolium frequently formed nearly pure stands
on moist soils and on low-center polygon hasins
covered by a few centimeters of water. Hippuris
vilgaris, Calthae polustris, Cardamine pralensis,
Ranunculus pallasii, B, gmelini, and K. hyperboreus
usually were found submerged and growing from a
peatsubstrate. An aquaticmoss, Drepandncladus sp.,
also was common in such situations.

The influence of water chemistry on the distribu-
tion and composition of aguatic plants was apparent
in coastal wetlands containing brackish or subsaline
water. These basing lacked Carex aguatilis and
Arctophila fulve. Moreover, the only plants found in
these wetlands were a sedge (Carex subspathacea)
and a grass (Puccinellia phrvganodes), tworelatively
prostrate and diminutive species that inhabit
shallow water and adjacent uplands. At Storkersen
Point, neither was found outside zones secasionally
flooded by sea water, a pattern in agreement with
Wigging and Thomas (1962},

Water chemisiry.—Wetlands were ranked by
salinity groupings used by Stewart and Kanfrud
{(1972) for classification of prairie ponds. Basins
connected to the sea or periodically flooded by sea
water during tides or storms (coastal lowlands in
Table 7) contained brackish or subsaline water
(3,800 to 20,000 micromhos/cm; 1 = 10, 20 9 August
1973). Specific conduciivity of coastal sea water iIn
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Table 7. Specific conductance and hydrogen ion concentration of wetlands near Storkersen Point in early
August 1972

Location

Spectfic conductance

. (micromhaos/em) pH
of wetlands -
Mean Range Ne. Mean Range Mo,
Coastal lowlands 14,4402 3,800 w>2(},000‘a i1 8.9 8.9 3
Coastal uplands T30 405 - 1,370 17 8.7 8.5-89 Li
Intand { >1.608 km) 385 220550 H .5 6.2-8.0 4

a . . - .
Maximum meter reading wag 20,000 micromhos/cm.

August varied from 16,000 to mere than 20,000
micromhos/cm (the scale limit of the conductivity
meter, n - 3), values which are within the nermal
subsaline range (14,000 to 45,000 micromhos/em).
Wetlands lying within a few meters of the coast, but
situated above sea level, were slightly brackish, and
measurements were never higher than 1,370
micromhos/cm in August. As distance from the sea
increased, conductivity of waters decreased, and a
level of 500 micromhos/cm between shightly brackish
and freshwater wetlands ocecurred approximately
1.5 km inland from the coast.

The pH of surface water (Table 7) in aguatic
hahitats ranged from slightly acid (8.2) to very basic
{9.0). Waters of coastal lowlands had pH values of 8.9
(n = ), measurements identical to coastal Beaufort
Sea water. Seasonal increases in aspecific condue-
tance of wetlands were evident from measurements
taken in late June and early August 1972
Presumably, this seasonal change results from
dilution by relatively pure melt water during spring
breakup, followed by declining water levels during
summer. Seasonal variation in water chemistry
{Table 8} shows the effects of seasonal drying.

Thermal regimes.—Because ice forms to depths of
about 2 m in coastal plain lakes (Brewer 1958),
wetlands near Storkersen Point were completely

frozen until late May or early June. Open water fivat
occurred where snow melt filled tundra depressions
and where snow and surface ice thawed on shallow
ponds. Once thaw began, ice in these shallow
wellands melted from top to bottom within a few
days. Mean daily tempersture of shallow waters often
exceeded the mean for surrounding air due fo
differential warming and cooling rates (Danks 1971).
Large, deep lakes thawed last and were completely
open by late June 1971 and early July in other years.
In contrast to smaller wetlands, ice on lakes finated
afterit had melted sufficiently to become free from the
bottomn. This resulted In a moat of cpen water
surrounding a central cake of ice which persisted as
long as 2 weeks.

Most arctic lakes and probably all coastal plain
weilands are essentially isothermal in summer.
Livingstone et al, {1958} found no thermal stratifica-
tion even in arctic mountain lakes 18 m deep. Near
Point Barrow, constant mixing of waters by wind
maintains an isothermal condition in all wetlands
(Brewer 1958), although Carson and Hussey (1962)
did find some stratification in shallow, marshy
portions of lakes where water was free from intense
wave agibation.

The magnitude of divrnal temperature fluctustions
in wetlands was inversely related to basin volume

Tahle 8. Seasonal changes in some chemical variables of squatic habitats at Storkersen Point, 1972,

1 dJune - 14 June 15 June -~ 14 July 15 July - & August
pH 6.9 ( 6.2~ '7‘9}21 78 ( 6.2- 8D 800 6.7 871
Total hardness (ppm CalC0 ) 66.5 (17.1-138.8} 95.4 (H1.3-153.9) 207.1 (102.6-973.5)
Alkalinity {(ppm CaCOu) 43,7 (17.1-102.6} 68.4 (34.2-102.6) 108.6 { 68.4-130.58)
Dissolved exygen (ppm) 147 (13 - 15 3 13.8 (10 - 15 ) 138 (13 - 18
Free CO» (ppm) TREB - 15 ) 8605 - 16 ) 85( 5 - 20 )

a
Mean (range).
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areag and depths compared with data from a weather station 2 m above ground.

(Fig. 6). Temperatures in shallow, flooded depres-
sions underwent daily variations greater than those
recorded for temperature of ambient air 2 m above
ground, while the largest and deepest wetland
exhibited the smallest diurnal temperature change.

Classification of Wetlands

Following the general guidelines established by
Martin et al. (1953) for temperature areas, the wetland
classification system outlined in Table 9 is designed
to: (1} delineate aquatic habitats preferred by con-
spicucus swimming birds, such as loons and water-
fowl, and (2) provide classes of wetlands useful for
wetland inventories. Loons and waterfow] were used
as indicator species, because they are conspicucus,
widely distributed, and feed on a variety of aguatic

invertebrates and, therefore, are more easily used to
demonstrate change in habitat conditions. This
system does not consider large riverbeds and their
complex oxbow systems. It considers mainly
wettands that are nonflavial and those fluvial waters
identified as beaded streams by Hussey and Recken-
dorf {1963). Basin size is used in the system only to
distinguish two size categories, ponds and lakes,
following the definition by Stewart and Kantrud
(1971) that ponds are less than 20 ha and lakes
exceed 20 ha. Some classes possess wetlands of only
pond or lake size.

Because of the large size range of wetlands, a
aliding scale was used to delineate the shoreward and
central zones of individual water basins. The shore
zone extended approximately 10 m from shore in
lakes, 6 minlargeponds, and 2 min small wetlands.
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Table 9.

Oriteria used fo delinente closses of wetlands near Storkersen Point,

Dominant emergents

Comman

Wetland designation Shove zone Central wone Conduelivily give
Flooded Tundra Eriophorum K angustifolium Fresh or Pond
(Class 1) gngustifolinm or or O aguatils shighily
Carex aguatilis hrackish
Shallow Caerex O agquatilis Semi open Lo open Hyesh or Pond
(Clasgs 11} siightly
brackish
shallow-Arciophile £ aguatiliz A. fulva Fresh or Pond
(Clags 11D ar Arctophile slightly
Fubve brackish
Deep-Arctophile A, fulve Open Frash or Pond or
(Class IV} slightly luke
rackish
Deep-open Open Chpen Fresh or Lake
({lass V) slightly
hrackish
Basin-complex Hasin interspersed with € aquatilis, Fresh or Lake
Class VI A fulva, and open water slightly
brackish
Beaded Streams O aouatiils, (Open or Fresh or Pond>
(Class VI A, fulve, or Open A. fulva shghtly Read
brackish
Coastal Wetlands Puccinetlia Open Hrackish Pond or

(Class VI phryganodes,
O subspoathacea,

ar Open

oF lagoon
suhsaline

The shorewsrd zone in large lakes is an obvious
sublittoral shelf that abruptly fell to the deeper
central zone. Depth zones were not distinet in ponds,
except that the shoreward zone usually was most
shallow and, conseguently, vegetation often was
found only near shore. Zones of wetlands were
considered open if vegetation ocourred in less than 5%
of the area. The eight classes of wetlands are
deseribed asg follows:

Class I Flooded Tundra.—Shallow waters formed
during spring thaw when melt water overflows
siream basins (Plate I) or is trapped in vegetated
tundra depressions (Plate 1I). Such pools formed in
low centers of polygonal ground often produce a
mosaic pattern of ridges and flooded sedge (Plate I11).
Water depths in June rarely exceed 10 em, and
surface water is absent or only a few centimeters deep
by August. Unlike other classes, basins of these
wetlands are poorly defined because Carex aguatilis
and other plants tolerant of periodic flooding coverall
or miost of the bagin. It is somefimes convenient to
separate flooded tundra ag flooded creek flats (Class

Ia) or seasonally flooded basing in upland tundra
{Class Ib).

Closs I Shallow-Carex. —8Shallow ponds with a
gently sloping shore zone surrounded by and usually
containing emergeni Carex aguatilis with a central
open water zone. At Storkersen Poini, maximum
water depths in June vary between 10 cm and 30 cm,
By August, water levels decline due to evaporation or
drainage and sediments may be exposed over a large
portion of the basin. Such basins also may be very
gmall and may occur in a block mosaic pattern
resulting from low center polygons (Plate T} Others
are large and lack vegetation in the basin. This class
can be subdivided as I1a, vegetated shore zone, and
IIh, unvegetated shore zones,

Class I Shallow-Avctophila.—Ponds or pools in
beaded streams containing Arctophila fulve in the
central zone and shoreward stands of A, fulve or
Carex equatilis. Bhoves are more abrupt than thoseof
Class Il ponds, and maximum water depths typically
range from 20 to 50 cm. Pond margins occasionaily
are exposed during August,



Plate 1. Type I flooded tundra in the low-Iying arcas along Fawn Creek, Storkerser: Point study area. Rollagon tracks lead
to the highest pingo on the ares, which is about 10 m above the level of the surrounding plain.

Plate T1. Cround view of low center polygons on Btorkersen Point study area, some of which are dry and some still fleoded
in early Jaly. Open Bhallew-Carex ponds in the background.



Plate LIl Aerial view of Type [ flooded tundra in low center polygons at right, and deeper more apen Shallow-Carex
(Tvpe 11} ponds at left. Note braakdown of ridges resulling in larger pends made up of two to six or more polygons. These
mosaic bype areas are prominent in deltas and are less common al Storkersen Point.

Class IV: Deep-Arclophila, —Wetlandg of either
large pond or lake size that lack emergents in the
central zone and eontain stands of Arctophile fulva
near the shore {Plate IV These hasing have abrupt
shore and flat or gently sloping bottoms. Maximum
water depths exceed 40 cm. Class IV wetlands are
common 35 second generation hasing resulting from
melting of icerich zones in drained basins,

Class Vo Deep-open.—Large, deep lakes that have
abrupt shores, sublittoral shelves, and a deep central
zone. Water depths are greater than in Deep-
Arctophila wetlands, and A, fulve is absent ov
present in less than 5% of the shoveline. Maximum
water depth found in the largest lake was 1.1 m.

Oloss VI Bosin-complex.—Large, partially drain-
ed basins that may contain nearly continuous water
in spring dus to flooding of the bottom by melt water.
By mid-July, water levels recede leaving a pattern of
green Corex aguetilis and open water where Are-
tophila fulve may grow along the margin of deeper
pools or throughout shallow pools (Plate V. In late

summer, relatively upland-like areas are present in
gome basing, and they are characterized by stands of
Alopecurus alpinus and Dupontia fischer: growing
on g moss subsbrate, Plant communities gre most
diverse and prolific in this class where the greatest
variety of water condifions ogcur.

Class VI Beaded Stream.—Small, often intermit-
teni, streams comsisting of a series of channels
formed in ice-wedges and linked to pools that develop
ab ice-wedge intersections (FHussey and Reckendorf
1963). Intersection: pools often become greatly en-
larged as contiguous ice-rich soils thaw and subside
{(Plate VI). Relationships between water depths and
aguafic plants appear to be similar to those in pends
and lakes. Stream pools usually are deeper than
nontiuvial wetlands of equivalent size, and vegeta-
tion distribution and composition corresponds to
Shallow-Arctophile and Deep-Arctophila wetlands.
During the spring thaw, Beaded Streams may flood
surrounding lowlands, creating extensive wetlands
of the Class I Flooded Tundra. By mid-July, water



center

atned bagin, drainage channel, and Deep-Arciophilo ponds
polvegons and Interstitial pools at right,

Plate V. BDasin-complex showing d




Plate VI, Beaded stream showing very Deep-Arctophila pools connected by short lengihs of siream bebween high center
polygons. Storkersen Peint

usually is confined to stream channels and beads,
and flow mayv be intermittent. Beaded Streams are
common throughout the coastal plain, and they are
often the oniv class of wetlands in large areas of well-
drained regions of the inlertor constal plain

ass VIIT Coastel —Aguatic habitats that ocoupy
low areas bordering the Beaufort Sea and within a
zone directly influenced by sea water (Plate VI
Wetlands vary from lagoens confluent with theseato
ponds periodically inundated by high wind tides.
Unlike all other classes, Coastal wetlands are
trackich or subsaline in specificconductance, and
have a characteristic vegetation dominaled by Carex
subspathacen and Puccinellin phrygonoedes al basin
margins and on adjacent flats. Two general modes of
origin probably account for most Coastal wetlands:
{1} thaw basins breached by outward thawing
through the dam between the basin and the sea beach
or from inward ercsion by sea ice or water, and
(2 lagoons and ponds resulting from the formation
of sand or gravel spits or barrier beaches by currents.

Abundance and Developmeni of Wetlands

A summary of the arveal and nuwmerical impor-
tance of wetland classes appears in Table 10 with
mean values of hasin size, waler depth, and oo

currence of plants. The small, shallow Class Fand
wetlands were by far most numerous, constituting
onehalf of the fotal area of all wellands on the
Storkersen Point study area. Class V and VI lakes
were few but their large size conlributed 26% of the
total wetland area. The number of Coastal wetlands
{Class VIID) averaged 2 per km? over the entive study
area; however, all 29 basins sampled were in one 50-
ha area hordering the sea.

The following seguential description places
wetlands of Classes § through VIinto the perspective
of basin development (Fig. 7). Water impounded in
low center polygons or other tundra depressions
{Class -Flooded Tundra) initiates the insolation-
thawing process that deepens the basin. As water
depth inecreases, tundra plants {dominantly Carex
aquatifis and Eriophorum angustifolium) arereduced
in the deeper central zone and restricted to shallow
shoreward zones; wetlands of this stage are Shallow-
Carex {Class 1) ponds. As shoreward subsidence
continues, Arctophile fulva becomes established
throughout the basin, forming Shallow-Arciophila
{Class [11) ponds, Further thawing of the central zone
causes depths not tolerated by A. fulva: consequently,
distribution of A. fulva is confined to shove, and these
basing are LDeep-Arcfophile wetlands {Class V).
Deep-open (Class V) lakes result when shoreward
zones hecorse too deep fo support extensive stande of
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Flate VII. Coastal wetlands along Boring Sea at Biovkersen Point showing deift hne.

Table 10, Characterisiios of classes of wetlands in the Storkersen Poini study area, August 1972

sHlared volume Percent occurrence
in wetlamnd
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intal Hasins Basins Avgrust, e
S HrEe TS Area {ha) depth {em) Sedges Axet,
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Fig, 7. Hvolution of tundra wetlane

4 ARCTOPHILA

COASTAL VEGETATION

g shewing relationships belween size and

vegetation. {Classes are in Roman sumerals)

A. fulva. The final stage of first generation basins
occurs when ghores erode and partial drainage lowers
water levels to depths conducive for growth of
aguatics (Basincomplex) (Class VIL  Further
drainage exposes areas where thawing procesges
create second generation wetlands.

Functional use of the classification system requires
wetland indicators that are readily idsniifiable rom
pither air or ground. Distribution of Carex aguatilis
and Arctophile fulva provides the heat determination
of the stage of basin development in the classes of
nonfluvial, freehwater thaw basins (Class IV, The
two species are readily distinguished by late Jumne
because A. fulva becomes distinetly red while O
aqratifis is bright preen. Coastal wetlands ars eaaily

identificd because of their ocourrence in low areas

connected to the sea heach, their deep reddish-brown
vagetation, and a characteriztic line of driftwood and
other debris windrowed by storm fides (Plate VID.

Oecasionally, wetlands have two or more regions
that are morphologically and vegetationally distinet.
This oceurs where two wetlands originally of
different classes coalesce, or where embavments of
Deep-open lakes are more shallow than the lake itsell.
Bocmuse differences were apparent in use of such
portions of wetlands by bivds, these regions were
elzssified as separate unils.

Other wetlands not considered in this system arve
incised and bratded streams, their deltas, and
asgociated  nonfluvial  wetlands, Huch  waters
stgnificantly influence bird species on coastal plain
wetlands (Kegsel and Cade 1858)




Water-bird Use of Various Wetlend Closses

Frequencies of wetland use by water birds during
1971 to 1973 (Table 11) were evaluated using a Chi-
square 1 * 2 contingency table test. Differential
wtilization of a wetland class by a species was
indicated if the number of birds recorded on surveys
as uging wetlands in that class was significantly
greater than the number of birds expected on those
wetlands. The expected value was caleulsted by
multiplving the total number of birds using wetlands
in the class by the percentage of the tatal wetland
area covered by wetlands in theclass. Forexample, of
31 arctic loons in the sample, 16 (BZ%) were observed
in Deep-Arciophile wetlands (Tabie 11} This class
constitutes 11% of the wetllands of the study area
{Table 10), 50 31 % 0.11 = 3.4 loons expected on such
wetlands. Because observations of whistling swans
asing wetlands werve few, they were not tested
statistically.

Class I Flooded Tundra.—Pintails fed and loafed
on Flooded Tundra before and after their wing moltin
July (Table 11}, but they made most intensive use of
this class during spring thaw when other wetlands
were frozen, Primary use of Flooded Tundra seemed
to be by red phalaropes. Birds frequently wers seen
feeding or swimming in Class [ basins throughout
spring and summer.

Clags IT: Shallow-Carex.—Although most species
of waterfow! occurred on Bhallow Carex ponds, only
adult oldsguaws and king eider hens with broods
used the ponds in significant frequencies (Table 11
Use by oldsguaws, primarily pairs, was significant
before nesting (p <0.01) and during nesting (5 <0.05}.
feeding was a common activity of cldsquaws on
Class 11 ponds. Twelve of the 19(88%) observations of
king eider broods were on Bhallow-Carex ponds.
Birds were seen feeding in water or loafing on or near
shore. Although their frequencies of use were not
significant, adult king eiders often were seen feeding
in waters of Class 11 ponds.

Hix of the eight white-fronted goose nests were less
than 4 m from the edge of Shallow-Clarex ponds.
Other spectes constructed nests close to ponds or on
islets, but frequencies of use were low: 2 of 42 arctic
leon nests: 5 of 28 red-throated loon nests; T of 11
biack brant nests; and 6 of 32 king eider nests.

Class ITE Shallow-Arciophila.—tise of Shallow-
Arctophila ponds by pintails was significant
{p<0.01) before and affer their wing molt in July
{Table 11}, Shallow water and extensive stands of 4.
fulva provided feeding habitat and cover for birds.
Most other species were on Class 11T wetlands, but
less frequently than pintails; use by king elders was
significant (p <0.05), both before and during nesting.
One arctic loon nest and three red-throated loon
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{Gavig stellata) nests were on detritus platforms in
Class I ponds.

Class  IV:  Beep-Arciophila.—Deep-Arctophila
ponds and lakes were principal aguatic habitats for
all waterfowl except whitedronied geese and pintails
{Table 11).In 1971 and 1972, a pairof whistling swans
nested adjacent o o large complex of Class IV ponds,
and used Dsep-Arciophile wetlands for escape cover.
King eiders and speciacled eiders favored Clags 1V
wetlands in all phases of their reproductive cycle at
Storkersen Point {Table 11} Frequencies of use by
king eiders were significant, ranging from 26% for
hens with broods to 52% for postnesting females
without voung. Birds usually were seen loafing on
shore, OF the 36 observations of aduelt spectacled
eiders throughout thelr summer residence, 33 (92%)
were on Class IV wetlands, Bivds were swimming or
loafing but were not observed feeding.

Oldsquaws preferved (p<0.01) Deep-drctophiia
wetlands before and during nesting {Table 11
Densities of pairs were highest on portions of deained
lakes possessing s network of second generation
Class IV ponds. A B0-ha complex of basins was used
each vear by 4 pairs; that density extrapolates to 18
birds per km? compared to mean peak densities of 4.3
to 5.1 birds per m® for the entive study area. Because
oldsquaws are highly territovial (Alison 1975), the
ridges that commonly separate ponds probably
provide visual isslation from neighbors. Oldsquaws
aften were seen diving in Class [V weilands.

Ten of the 1 black brant nesis and 2 of the 2
spectacled eider nests found in 1971-73 were at Deep-
Arctophile wetlands, Nests were placed on tundra or
islets next to an abrupt shore, All nest-ponds were
second generation wetlands in drained basins.

Preferential uss of Class TV wetlands by arctic
loons and red-throated loons was obvious throughout
sammer {Table 11) however, red-throated loons
showed an even greater preference for Basin-complex
ponds {Class VI The proportion of observations of
arctic loons on Class IV wetlands ranged from 52%
before and after nesting to 59% during the nesting
period. Sightings of red-throated loons were less
frequent:  prenesting  (22%); nesting (33%) and
postnesting (24%). Adult arctic loons fed or captored
food for young in freshwater wetlands, whereas red-
throated loons captured food at sea and returned to
brood-ponds with fish for their young., Because of
relatively deep water in Class IV wetlands, nests of
arctic and red-throated loons were placed on islands
or shores rather than on detritus piatforms such as
those used in more shallow wetlands,

Class Vo Deep-open.—Teep-open lakes were used
most frequently by water birds in July and August
when they were ice-free. Principal use in June was by
oidsguaws loafing on banks or ice and diving in the
moat of water neay shore,
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Table L1

Percentage frequency of ocourrence that loons and waterfowl used various classes of wetlonds in

broods are in parentheses,

White-
fronted
Arctic loon Red-throated oo Black brant EOOHE
Pro- Poat- Proe- Posi Post- Post-
nest nest MNest restd nest
{lasses (30 {55 (22 9 {1880
Flooded
Tundra (1) — — - — - - —
Shallow-
Carex {(E0) o 5 G s & s o g —
Shatlow-
Avctophila (111} — B - 3 # 3 - - - 3
Deap-
Arcrophila (IV) YA LOEE VA G e L a g o -
Prosp-
open (V) — & 143% — 3 — G+
Basin-
complex {(VI} aaE 15 s PR RIES T 1 S - 3
Beaded
Stream (VI G 5 2 — 2 ] - - —
Coastal
Wetland (VILD & B I3} - TaEE e PO —
8 ;
Adulls and young.
b . 5
Aduifs only.
&
Chi-sguare value significant (P <005}
.

- (hi-sguare value highly significant (F<0.01}

1Jze of Class V lakea by arctic loons was significant
(p<0.05) following nesting, Birds observed were
adults, usuaily in small fiocks, that presumably were
unsuccessful at nesting or brood-rearing.

Deep-vpen lakes and adjacent tundra were used by
Canada geese and whitefronted geese during their
wing molt in the last half of July and during August.
Tn 1973, a flock of Canada geese, numbering about
100 flightiess adults and 20 goslings, resided in the
vieinity of two large lakes (175 ha and 200 haj
focated 10-15 km southesst of Storkersen Point.
Groups of white-fronted geese, contalning mostly
parents and broods, were counted in thestndy areaon
21 geeasions, and, of these, 19 involved groups on or
near a 60-ha Class V lake Similavsized flocke of
white-fronted geess were seen on other Desp-open
iakes in the Prudhoe Bay area. While undisturbed,
Canada geese and white-fronted geese rested or
grazed in upland fundra near lake shores. Flightless
geese responded fo disturbance from men on the

ground or low-flying aiveraft by moving offghore to
open water or by moving overland to another lake.

Oldsquaws, predominantly females, gathered on
Bieep-open lakes in the last week of July or the fivel
week of August fo pass their flightless stage. The
oldsguaw population at this time was composed of
ahout 958% females, Of the birds counted after the
nesting period {Table 11), 8% were on thelargest lake
(60 ha) in the study area. Moreover, all fhghtless
oidsguaws in the study sres wsed two lakes of the
class, Peak use of the lake ocourred in mid-Angust
when noembers varied from 45 to 70

{lass VE Basin-complex —Monbreeding pintails
preferved (p<0.1) Basin-complex ponds throughout
their residence (Table 11). Use by pintails was
greatest during the wing molt in July; 32% of the
flightless pintalls counted were in the largest {85 ha)
Clase VI lake near Storkersen Point. Pintails ususlly
were well hidden in the cover created by stands of
Arctaphiln fulva and Carex aguatilis. Based on birds



1971-73. Numbers of birds observed during phases of summer residence and the number of king eider
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Pintail King ecider Spectacted eider Oldsguaw
Pre- Fost- Pre- Post- Pre- Post-  Pre- Post-
molt Molt moktb nest Nest nestl Brood nest Mest, nest?  nest Mest nest?  Total
(544} (270 (871} (233 {188) (87 (1% (203 (N N {223 {261) (345 (3,763
3 — 9 — - - — - — — — 1 - 3
7 — i4 14 22 26 G4F* — — — 31 D 5] 12
26%F G Jak 7* &* <) 1] — — — h 3 e 10%*
14 2 13 S0 4x¥ o 26%% goFE* RoF 100%  4(pF* 36%F 9 qaF
H e — — 8 & — e 11 o 2 10 B 14%*
7EF gar 46%* KUkl 9 5] B e — R 10 9 — VAR
5 — 3 3 3 — — 10 0 1 g* 10 1 3
9 . q TH gk a o _ — — 4 3 -— 4

observed during June (Fig. 6), feeding is a major
activity of pintails on Basin-complex lakes.

King eiders, usually paired, gathered in large
numbers on Class V1 lakes during the first half of
June. As a result, frequency of use by king eiders was
significant (p <0.05) before nesting (Table 11}
Shallow areas of Class V1lakes frequently were used
for feeding by king eiders (Fig. 6). As the thaw
progressed, king eider pairs dispersed to other
wetlands, especially the Deep-Arctophile class.

In 1973, a pair of whistling swans nested and raised
voung in a Class VI basin. The nest was placed ona
detritus platform surrcunded by shallow water and
emergents. Adults and cygnets were able to conceal
themselves in stands of Arctophila fulva.

Other waterfowl, especially visitors (Table 6), often
were seen in Basin-complex wetlands during June.

Frequencies for arctic and red-throated loons using
Basin-complex lakes were most significant before-
nesting (Table 11). Presumably, the higher frequen-
cies in early summer resulted because loons were able
to use the extensive areas of shallow water before
deeper wettands thawed. Both species used Class V1
lakes for nesting and brood-rearing, but only use by

red-throated loons was significant (p<0.01). Pairs
occupied isolated pools within basins and con-
structed nest platforms of dead vegetation. Feeding
activities of loons corresponded with activities at
Class IV wetlands.

Class VI Beaded Streams.—All species of loons
and ducks that resided in the study area occasionally
used on larger Beaded Streams (Table 11), especially
those vegetated by Arctophile. Pintails and eiders
used portions of the flood plain temperarily inun-
dated by water during spring breakup. Oldsquaw
pairs established tervitories on segments of the
stream during the prenesfing and nesting periods.

Class VIIE Coastal.—Coastal wetlands were
predominantly used by migrating black brant.
During the first half of June, flocks of as many as 100
brant migrated east along the coast and often used
open water and snow-free shores of Class VIiI
wetlands. During mid-summer, brant often visited
wetlands on the study area. Fall migration of brant
did not pass Storkersen Point until after field seasons
terminated in mid-August. However, during a visit to
the study area on 2 September 1973, a flock of more
than 350 black brant stopped to rest and feed along
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Plate VIV Aerial view (south) of the Storkersen Point study area showing various welland classes, the DEW.line sile
along the shore at left center, and Storkersen Point Well at right. fce at the Reaufort Sea s at bottom. Photo by . D, Evans.

shores of the Coastal wetlands. Presumably, Carex
suhspathaces or Puccinellin phryganodes form
principal foods of black brant.

Black brant families moved to coastal habitats
within a few davs afler their young had hatched. Two
families were observed from 13 July 1o 17July 1973 in
a complex of Constal wetlands, The birds fed and
rested on flats between ponds and on a point jutting
into the ses.

Part HHT-—Macroinvertebrates
of Tundra Wetlands and
Their Use By Water Birds

Praocedures

Agquatic macroinvertebrates were sampled weekly
in selected wetlands from about 5 June o 8 Augustin
1972 and 1973 Chronology of thawing, drying of

temporary  wetlands, and logistical problems
prevented  sampling of all stations  weekly.
Nevertheless, a compaosite representation of seasonal
changes in availability of various organisms was
provided by the overlap of sampling schedules from
the two field seasons.

In 1972, 10 sampling stations were established in
ponds of differing morphometry and use by water
birds, In 1973, the number of stations was expanded
to 18 to ineure coverage of all major wetland types.
Sampling points al each station were random within
either the open waler areas or stands of emergent
vegelation (usually Carex aguafilis and Arctophilo
fulva). Additional samples were taken from areas
that were free of lce earliest in the season, from
feeding sites where water birds were collecied, and
from waters disturbed by industrial activity.

Aguatic invertebrates were collected from open
water with an Ekman dredge (15.2 cm * 152 em)
and in emergent vegetation with an aguatic sweep
net deseribed by Weller (1972} The sweep net



measured 7.6 cm * 305 emoand had 7.9 meghes/cm.
Bweeps were 3 minlength and were possible in water
as shallow as 10 cm. Benthic samples were washed
threugh the agustic net to standardize the size of
organisms taken by the two methods. Geensional
“erab” samples were taken to facilitate identification
of casually observed organisms. With few exceptions,
living organisms were separated from vegetation and
debris soon after collection. Invertebrales were
preserved in a formaldehyde sclution for later
analysis,

Various physical and chemical varables were
recorded as described in Part Il in wellands sampled
for invertebrates. Depth of water, thickness of bottom
sediments, and water temperature were taken at each
sampling.

Activity and distribution of birds were noted during
invertebrate sampling and on weekly bird surveys.
Specific efforts were made to study feeding behavior
of restdent waterfowl, {0 record brood activities, and
to guantitate wetland use for feeding. Seventeen birds
of four species were collected for food analysis from
areas ountside the bird survey plots. All but two of the
birds collected had fed at least 20 min, Birds were
opened shortly after collection and contents of
esophagi, proventriculi, and gizzards were separately
preserved in a formaldehyde solution for later ex-
amination.

Agquatic Invertebrate Samples

Most sguatic macroinvertebrate specimens from
Storkersen Point belong to 18 taxonomic groups.
Individuals representing other taxa were collected
{Table 12), but were considered of little value as food
for water birds and were placed into a single group
for analyses. One aquatic vertebrate, the fourhomn
sculpin Myoxocephalus guadricornis), was found in
brackish ponds connected to the sea, and other
urddentified fish were seen in stream channels or
wetlands connected to streams. Large and deep lakes
south of the coastal tundra zone contained the nine-
spined stickleback (Pungitivzs pungitius). Taxonomic
diversity and total volume of invertebrates available
within faxa generally increased with seasonal
warming of waters until late July. Mean total
numbers and mean total volume of potential food
organisms taken by the Ekman dredge and by net
under 1 m? of water surface indicated a greater
relative abundance of betiom-dwelling organisms
than free-swimming forms (Fig. 8).

The weekly mean numbers/m? of the most
numerons and frequently occurring taxa for each
sample iype gencrally increased from Juneto Augunst
{Figs. 9 and 10). Relatively high numbers of midge
larvae of family Chivenemidae in early sweep
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samples were caused by exiensive sampling of
shallow melt pocls. The activity threshold of midge
larvae is near 0 C, so they became active in flooded
depressions and pond margins immediately after
thawing (Danks 1971). Gther organisms of potential
importance as food items, either because of their high
local populations or their large size, included snails
{Gastropoda), tadpole shrimp (Notosiraca), cranefly
larvae (Tipulidae), stonefly larvae (Plecoptera), and
caddisfly larvae {Trichoptera).

Relative oceurrences of the major groups of
invertebrates differed significantly (p<0.005) among
stands of Carex agquatilis, Arctophile fulve, mixed
stands, and open water {x* = 251.97, df = GO}
Mumbers and volume of invertebrates were greatest
in stands of Arctophila fulve or in the edge between
stands of A, fulve and Corex aguatilis stands (Table
13). Variations in wetland depth and vegetation
density of wetlands accounted for much of the
difference in invertebrate abundance among vegeta-
tion stands of like species. Fairy shrimp (Anostraca)
and water fleas (Cladocera) were characteristic of
open poriions of wetlands and were of greatest
potential as water-bird food during late summer,
when these inveriebraies were concenirated as a
result of falling water levels in shallow, open ponds.

Limited samples by B. Howard (unpuhblished data)
in other regions of the coastal plain indicated the
same general composition of bottom organisms with
midge larvae, earthworms (Oligochaeta), cranefly
larvae, and caddisfly larvae coptributing most in
numbers and volume, Other large invertebrates
found farther inland included large scuds
{Amphipoda), additional species of snails, and clams
(Pelecypoda).

Samples from a Class II pond near the Storkersen
well that had heen severely contaminaied by crude oil
and drilling wastes contained no macroinverte-
hrates. All vegetation below the high-water it of
the basin was dead. Sediments appeared heavily
contaminated by oil residues, and oil sicks were
produced. when sediments were digturbed. A small
amount of oil spread from this pond into other basins
during snow melt,

Feeding Behavior of Resident Birds

The first water birds o arvive at Storkersen Point
comeentrated on or near the first available open water
of flooded depressions and shallow poads near the
Beaufort Sen. Birds rapidly dispersed to ciher areas
as open water became available and used all wetland
types for feeding. Partially-drained Basin-complexes
were favored throughout the season. Deep-open lakes
were cspecially important as molting arsas for female
oldsquaws, white-fronted geese, and Canada geese.
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Table 12. Macroinvertebrates from Storkersen Point ponds, 1972 and 19739,

Class—Hydrozoa
Order—Hydroida
Family—Hydridae
Phylum—Nematoda

Class—QOligochaeta

Clags—Crustaces
Subelass—Branchiopoda
Order--Anostraca
Familv—Branchinectidae
Branchinecta paludosa (O. ¥. Muller)
Family—Polvartemiidae
Polvartemiella hazeni (Murdock)
Order—Notostraca
Lepidurus arcticus (Pallas)
Order—Cladocera
Family—Daphinidae
Daphnia pulex (de Geer)
Family--Chydoridae
Furyeerus lamellatus (0. F. Muller)
Order-—Copepoda
Suborder-—Calanoida
Suborder—Cyclopoida
Order—Ostracoda

Clasg—Arachnida
Order—Acari (Hydracarina)
Order—Arancae

Clags-—~Insecta
Order—Collembola
Family-Hypogastruridae
Order—Ephemeroptera
Order—Plecoptera
Family—Nemouridae
Nemoura sp.
Order—Trichaptera
Family—limnephilidae
Order—Coleoptera
Family—Dytigcidae
Order—Diptera
Family—Tipulidae
Tipula sp.
Prionocera sp.
Family—Culicidae
Culiseia sp.
Family--Chironomidae
Family—Muscidae
Mydaeina obscura

Class—{Gastropoda
Order—Puimoenata
Family—Lymnaeidae
Lymnaea sp.
Family—Physidae
Physa sp.

& Nomenelature based on Pennak (1953) and Usinger (1971).
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Table 13, Summary of invertebrates per m? for different vegetation stands, 1972-73.

Ekman samples

Sweep samples

Total mean

Total mean

Fotal mean Total mean
YVegetation I volume {mi} murnher M volume {mi} number
M. sb. M. AN M. 8.1 M. S0
MNone 124 {3.24 0.47 ithd 26497 11l 6.96 6.96 13713 1908.3
Arctophile fulva a7 {3.54 0.71 1821 293.0 33 1304 131.36 a034.3 1498.3
Clarex aqguatilis T (1.45 {138 B0 89.7 36 6.96 6.09 1431.3 1792.2
Mixed edge 11 (158 (1.39 206.4 244.0 i {L86 0.0 2000.0 0.0




Late in the seasen, shallow ponds became in
creasingly important as feeding sites, when decreas-
ing water levels concentrated free-swimming
organisms and increased the total area of hottom
surface that could be easily reached by swimming
and wading birds,

Chironomidae and Trichopters were the most
important invertebrate foods for oldsquaw and king
eider {Table 14). Earthworms did not sccur in food
samples as frequently as in hottom samples, while
addisfly larvae occurred at a higher frequency—
suggesting feeding selectivity. The frequency of
oceurrence of water fleas in food materials was
inflated by the presence of overwintering ephippgia,
which probably were picked up along with hottom
detritus. Seven of the U7 birds collected had pravel in
ssophageal contents.

dsquaw.—Feeding was observed on all types of
wetlands, including Flooded Tundra depressions,
Hdges of Deep-open lakes were used by small flocks of
nonbreeding vearlings as well as adults. Non-
breeding vearlings left the study area near the end of
Junge. By mid-July, most males had departed, and
moiting flocks were forming offshaore in the Beanfort
Bea. Single females were cbserved feeding in
Bhallow-Carex ponds throughout the nesting season.
One nesting female under ohservation left her nest
daily to forage in nearby ponds.

Feeding by diving accounted for 83% of 248
oldsguaw feeding cobservations. Early in June,
oldsquaws commaonly dived under floating ice and
explored the newly exposed boliom. Diving seemed
the preferred method of feeding in all but the most
shallow wetlands where birds were able to reach the
bottom by swimming with the head and neck
submerged. One pair exhibited a third tvpe of feeding
by picking stonefly larvae from the surface of flooded
ice at the edge of a Shallow-Carex pond.

Information on food habits of oldsguaws at
Storkersen Point (Table 14) is in basic agreement
with that from other breeding areas (Bengtson 1971q,
19716). Midge larvae were dominant in the diet of
adult birds, and the only brood observed was feeding
by diving in a Class 1T pond with high populations of
water fleas and falry sheimp. Bengison (1871a)
reported that voung oldsquaws fed almost exclugive-
Iy on water fleas until half grown., During the firgt
half of the field season, oldsquaws at Storkersen
Point frequented areas where caddisfly larvae were
abundant. One male and one female collected after
feeding on such areas had vonsumed noticeable
volumes of these insects.

King eider.—King eiders reached the siudy area
during the first week of June and conceniraled their
feeding activity in Basin-complex ponds until they
dispersed to nesting sites. Males left the area in late
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June after incubation started, Females fed in
Shatlow-Carex ponds and shoreward zones of Deep-
Arciophile ponds throughout the nesting season,
some of them in areas near known active nests.
Because Lamothe (1873) found that king eider
females incubated for extended periods withont
feeding, females observed feeding during the nesting
season al Sorkersen Peint may have been un-
successful nesters.

Only femalss with broods remained on the study
area by the second wesk of August. Broods moved
overiand feeding in Shallow-Carex ponds, Hasin-
complexes, and Deep-Arctophile ponds, Totalfeeding
observations for both sexes of all ages fallowed the
same frend: 46% of 107 observailons occurred in
Shalow-Carex ponds; 40% in Basin-complexzes; and
8% in Deep-Arctophile ponds.

Feeding behavior of king eiders in freshwater
ponds resembled thai of dabbling ducks snd was
described by Lamothe {1973) for birds observed on
Hathurst Island. Bottomn feeding by submerging the
head and neck accounted for 700 of 151 ebeervaiions
at Hiorkersen Point. Dlowny young often upended to
reach the bottom, Young eiders also dived readily, but
diving by adults was ohserved on only three oc-
casiona, Burface dabbling alse was emploved mostly
by downy young. One Class Ih (faded, downy stage)
voung was cheerved grabbing at specific targeisin a
pond wheve falry shrimp were abundant.

Information on feod habits (Table 14) is in agree-
ment with that from other studies, L., that adultking
ciders feeding in fresh waler have a mixed diet of
animal and plant material (Manniche 1910; Hansen
et al. 1956; Lamothe 1973). Most vegetation, however,
resembicd dead material found in bottom detritus of
feeding sites, and may have been ingested incidental-
ly. Gizzard contents were inciuded in earlier analyses
reporied in the lteratuve, blasing results toward
vegetative material (Bwanson and Bartonek 1970).
Manniche {1910} found indeterminable remmnants of
crustaceans in the stomachs of downy young. Young
king eiders fed regularly in Shallow-Carex ponds
with high populations of faivy shrimp and water
fleas; these organisms also were noted in stomach
contents {Table 14),

Pintadl—Male pintails, common throughout the
summer, used all types of wetlands, but Basin-
complexes accountad for B19% of 423 recorded feeding
observations. Use shiffed from Coastal wetlands and
temporary wetlands o the marshy basing and
vegetated zones of deen Arcfophilorimmed ponds
and stream pools as the spring thaw progressed.
Large aveas with good emergent covey were impor-
tant to pintails during the molt period in July, During
late July and early August, there was increased use of
Shallow-Carex ponds where fairy shyvimp and tadpole
shrimp were concentrated.
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Pintails utilized a variety of invertebrate foods
{Table 14). On 24 July 1973, two males that could not
be observed before collection, were taken in wing
molt. Attempts to collect pintails feeding where fairy
shrimp and tadpole shrimp were abundant were
unsuccessful. Krapu (1974) found fairy shrimp to be
an important food resource of pintails in North
Dakota, and these easily obtainable items probably
are wnportant in tundra aveas as well. The few
nesting attempts by pintails at Storkersen Point were
unsuccessful, and information on preferences of
broods for feeding areas was not obtained. Broods
were seen on large, marshy lakes inland about 13 km
east and 85 km south of the Colville River delta (Lat.
T0° 40'N, Long. 151° 15"W).

Other waterfowl.—Spectacled eiders nested in
limited numbers near Storkersen Point, but no
information en feeding was obtained. Nests and
sightings were near Deep-open lakes. Green-winged
teal, mablards, and shovelers also used the Basin-
complex wetlands preferred by pintails. American
wigeon (Anas americana) were numerous in Ceastal
ponds {(Class VI in June of most years of the study,
and were seen ingesiing vegeiation in areas
dominated by Carex subspathacea and Puccinellio
phryganodes, Black brant and white-fronted geese
also seemed to rely on these plants. Nesting whistling
swans preferved large waler areas with substantial
vegetative cover where observations of feeding were
difficult.

Loons.—Red-throated loons relied on fish from the
nearby Beaunfort Sea to feed their young, rarely
feeding in inland waters. Arctic loons also made
flights to sea but more commonly fed in fresh water.
Deep-Arciophila ponds were the preferred habitat
where young were fed invertebrates by their parents.
Two young Arctic loons collected for food habits
information had eaten caddisflies and tadpole
shrimp, and a yvoung redthroated loon contained
Arctic cod {Boreogadus seide). An adult arctic leon
had eaten tadpole shrimp, caddisfly larvae, fairy
shrimp, and water fleas (Cladocera).

Phalaropes.—Shallow-Carex ponds accounted for
66% of 102 recorded feeding cbhservations of red and
northern phalarvopes (Lobipes lobatus). Large, well-
vegetated Basin-complezes were second in impor-
tance. Shallow-Carex ponds received heaviest use in
August, when reduced water levels concentrated free-
swimming mvertebrates; flocks of 20 to 30 wexe
commeon. Feeding behavior indicated that free-
swimming organisms, benthic organisms, and
emerging aguatic insects all were eaten. Birds took
fairy shrimp and water fleas from shallow ponds and
often picked food items from emergent vegetation.
Stomach contents of a specimen which had fed in this
manner included adult midges and spiders.
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Other shorebirds. —Bhorebirds at Storkersen Point
made use of exposed bottom areas and extremely
shallow waters of drving ponds, but no birds were
collected for food habit studies. The diet of four
species of genus Calidris near Barrow, Alaska, relied
on midge larvae, cranefly larvae, adult insects, and
arachnids {Helmes and Pitelka 1968} Stili sand-
pipers (Micropalama himarntopus) stopped during
migration in August and used shallow ponds exten-
sively. Late season feeding concentrations of
shorebirds are composed mostly of young birds.

Discussion and Recommendations

Theavian community ofthe Alaskan Coastal Plain
at Storkersen Point is chavacterized by (1) a small
number of breeding birds relative to lower latitudes,
{2) few resident species, (3) a high perceniage of
water-related birds, (4) relatively low-density pop-
ulations that are widely distributed, and
{by dominantly invertebrate feeders with lesser
numbers of grazers. Compared with the bird faunaat
Point Barrow (Pitelka 1874), there are fewer species
breeding and fewer accidentals, especially Asiatic
forms.

The Arctic Coastal Plain is of greal importance for
species restricted in breeding to the arctic, such asred
phalaropes, many other shorebirds, whistling swans,
white-fronted geese, brand, king eiders, oldsquaws,
and arctic and red-throated loons. Hecognition of the
importance of the coastal plain to usually non-
breeding segmenis of waterfow!l populations, par-
ticularly pintails, has been increased by the
knowledge that drought-displaced prairie ducks often
migrate to northern habitats (Hansen and McKnight
1564; Sroith 1970; Henny 1973} Several other species
of waterfow! and shorebirds use the wet tundra for
feeding during migration and seem also to breed in
small numbers periodicallv.

Efforts to preserve the fauna and flora of tundra
wetlands are complicated by our incomplete un-
derstanding of the roles of moisture levels, frost
action, and other physical forces in the creation and
continuity of the wet tundra ecosystem. Unfortunate-
Iy, human-induced change may create permanent
damage before we can study, assess, and prediet the
complications. Much of the damage from human
activity on the tundra will take the form of esthetical-
ly displeasing local effects on vegetation. Equally
uncertain is the effect of the vast network of roads
and collecting pipelines that may alter water levels
and form mnew wetlands, thereby influencing
vegetative growth and sucecession.

First order damage resuliing from oil development
wil be direct effects of oil pollution on vegetation and
wetland systems. Although most public concern has
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related to potential damage along the proposed route
of the Trans-Alaska Pipeline, oil gpills and disturb-
ances will be more frequent in oil or gas fields where
pipeline systems and roads link wells to the main
pipeline. Oil spills almost anywhere in this area,
where slopes are gradual and drainage patierns
indefinite, could regult in the deposition of vilin many
basins during the spring thaw when melt water flows
over the impermeable tundra surface. Any major
reduction of food organisms through degradation of
preferred habitats by industrial activity will be
detrimental to focal aguatic bivd populations.

The results of severe oil pollution are indicated by
the destruction of al invertebrate and plant life in the
contaminated pond at the Storkersen Point well; the
basin is useless o water birds for food, and the
contaminated sediments contain pollutants which
may spread to adjacent wetlands. Petroleum com-
pounds in bottom sediments break down slowly,
especially in cold climates, and oil-loaded sediments
can be lethal to important and abundant midge
larvae (Bengtsson and Berggren 1972) and small,
shrimap-like crustaceans (Blumer et al. 1871)
Repopulation of waters over polluted sediments by
froe-swimming invertebrates is unlikely because
most agquatic invertebrates will be subjected to
contact with toxic sedimenis on the bottem of
wetlands during the egy or overwintering stage of
their life eycle.

Because petroleum development and production
may occur over most of the Alaskan wet tundra
ecosystem adjacent to the Beaufort Sea, itis vital that
efforts be made to (1) preserve some large and totally
undisturhed blocks of this unique habitat, and
(2) prevent unnecessary destruction of bird pop-
ulations and habitats even in aveas developed for oil
or gas removal.

"Total protection of lavge tracts of tundra, including
protection from all-tervain vehicles even in winter
{see Plaie 1), is essential to preserve the integrity of
these units as reserves and areas for further study.

Although there are other extensive moist tundra
areas in Alaska, the northern coastal plain is unigue
in its geographic position, its climatic regime, and its
possible importance to birds moving in east-west
migration. We favor saving seme large, undisturbed
blocks of habitat that wili preserve the unique
wetlands and upland habitats that vary from the
coast into the foothills of the Brooks Range.

In addition, smaller units that are well distributed
throughout oil development areas should be pre-
served. 8o little is known about habitat requirements
and home ranges of resident birds that the optimum
size of such preserve units is uncertain. The
Storkersen Point study area was large enough to
include one pair of whistling swans, but rather small

for aggregations of nesting brant or eiders. Therefore,
comparable blocks of 42 km* would be minimal to
satisty homerange requirements of mobile species
like whistling swans, These blocks should be selected
from the most diverse and productive areas, irrespec-
tive of their potential for oil development. Such units
will preserve the essential diversily of crganisms and
physical features of the plain for bird production and
for scientific investigation. The number of such units
essential to significantly maintain a specific level of
bird production is unceriain.

Throughout the oil development areas, it should be
feasible to preserve key water-bird production areas
with little modification of operational procedures.
Based on data from this study, Deep-Arctophilo
ponds and lakes (Clags [V), Basin-complex wetlands
(Class VI, and Coastal wetlands (Class VIII} are
mogt intensively used by water birds. While wetlands
in other clagses are more abundant (Table 10) and less
intensively used by leons and waterfowl, their value
to other water birds i great.

The following recommendations are based on
general observations of the wet tundra ecosystem and
could help Lo minimize conflicts between water birds
and petroleum developmeni on the Arctic Coastal
Plain: (1) With current drilling technology, it may be
possible to choose well sites some distance from
choice Class IV, VI, and VIII wetlands fo reduce
impact on reproductive aclivity of the larger waler
birds. (2) Pipeline pump stations, oil wells, and other
facilities containing ol should he restricted to sites
where Jeaking oil cannot enter flowing walers or
wetlands in Class IV, VI, and VIIL (3) Where
facilities must be in watersheds, regular inspection is
essential and contingency plans should be ready for
rapid containment of oil. (1) Other pollutants such as
drilling mud, solid wastes, and fluid wastes should
not be discarded into wetlands, (5) During 15 May to
1 October, major construction activities shouid be
prohibited within 1 km ol wetlands in Classes IV, VI,
and VIIL (8) New roads and pipelines should be
consiructed so that a minimum number of Class IV,
V1 and VI wetlands are affected by water blockage.
{7} Activities that will drain wetlands of high value
to water birds should be prohibited. (8) Low-level
aireraft activity should be minimized during the
breeding season.

Future studies vrelevant to understanding
relationships between birds, wetlands, and petroleum
and gas development should include studies of
{1} the use of claszes of wetlands by phalaropes and
other species of shorebirds; (2) & comparable
classification svstem for uplands, especially in
reference to use by plovers and sandpipers; (3} tech-
niques for rapidly and accurately appraising bird
production values of wetlands of the coastal plain;



{4) the capacily of melt water to transport oil over the
impermeable tundra surface during spring thaw;
(5 the toxicity of oil to squatic food resources of
birds; (6) theeffect of disturbance onpopulations and
reproductive success of tundra bivds; (7) theimpactof
waler-level changes on vegetation and invertebrates
in fundra wetlands; (8) determination of the optimal
size and distribution of small production units; and
{3 an evalvation of the role of harvier islands and
lagoons for birds that use the coastal piain as well as
those that exclusively nest on these islands or feed in
the lagoons.

Summary

Water-related birds and aguatic habitats dominate
the natural ecosystern at Storkersen Point in
Alaska’s Prudhoe Bay oil fields. Of the 25 species of
birds that nested in the study ares, 11 were swimming
birds (loons, waterfowl, and phalaropes) and 4 were

sandpipers (Calidris  spp.) that often wade.
Phalaropes and sandpipers were the most abundant
species,

A wetland classification system is presented that is
based on characteristics of basin morphometry,
vegetation, specific conductance of water, and water
movement, Hight classes of wetlands are defined:
Flooded Tundra (Class Ij; Shallow-Carex (Class IT);
Shallow-Arctophile (Class 1), Deep-Arctophilc
{Class IV}, Deepopen (Class V), Basin-complex
(Class VI); Beaded Stream (Class VII); and Coastal
Wetland (Class VHI). Wetlands of Classes [ through
V represent progressive stages of basin development
resulting from thawing of ground ice, and Class V1
wetlands form after Class V basins are partially
drained. Beaded Streams (Class VIIyaretheonly type
of fluvial waters at Storkersen Point and are a
widespread feature of the A4rxctic Coastal Plain.
Coastal Wetlands{(Class V1) are distinguished from
other classes, because they are periodically flooded by
sea water, have unigue vegetation, and tend to be
bracikish.

Deep-Arctophile (Class IV) and Basin-complex
{Class V1) wetlands were used most frequently by
loons and waterfowl, Shores and waters of Deep-open
lakes {Class V) were molling-areas for geese and
female oldsquaws, and Coastal Wetlands (Class VIII)
were preferred nesting and feeding habitats of black
brant. The more abundant, smaller wetlands were
intensively used by phalaropes and sandpipers.

Data on numbers and volume of invertebrate
organisms assoclated with emergend vegetation
support general observations on feeding and other
use of wetlands: (1) Classes 11, IV, and VI wetlands
are of greatest importance to waterfowl and leons
that utilize invertebrates, and (2) Class VIII
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wetlands are of greatest value to herbivorous brant.
Production of invertebrates reaches its peak during
late sumimer when shorebirds and waterfowl broods
are most abundant. Use of invertebrates by water
birds stresses the importance of protecting wetland
habitats from disturbance if the avian community is
to be perpetuated.

Undisturbed tundra preserves of a size sufficient to
support nesting by all bird species are a vital need.
Recommendations to reduce conflicts between water
birds and oil or gas development are focused
primarily on minimizing oil-related activities near
wetlands in Classes 111, IV, VI, and VIII because
these classes are limited in numbers and are inten-
sively used by water birds. Comparable data on
habitat selection by apland-nesting shorebirds are of
high priority for further research.
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