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2 August to 5 Septenber 1977.

Distribution and abundance of Bl ack-legged Kittiwakes in Beaufort
Sea from 2 August to 5 Septenber 1977.

Distribution and abundance of Sabine’'s Gulls in Beaufort Sea from
2 August to 5 Septenber 1977.

Distribution and abundance of Arctic Terns in Beaufort Sea from
2 August to 5 Septenber 1977.

Distribution and abundance of ship followers in Beaufort Sea from
2 August to 5 Septenber 197T7.
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232.

233.

23h.

235.

XV

Mean and ranges of seabird densities in relation to distance
land in the Beaufort Sea in August 1976.  3GL876 .

Mean and ranges of seabird densities in relation to distance
land in the Beaufort Sea in August 1976. 2G.876

Mean and ranges of seabird densities in relation to distance
land in the Beaufort Sea in September 1976.  3G.976 .

Mean and ranges of seabird densities in relation to distance
land in the Beaufort Sea in August 1977.  3AL8TT .

Mean and ranges of seabird densities in relation to distance
land in the Beaufort Sea in August 1977. 3GL8TT.
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Summary of objectives, conclusions and inplications with
regard to olil anc £as devel opnment.

As part of an environmental assessment of the outer
continental shelf of Alaska the distribution, abundance
and. feeding ecology of seabirds associated with pack ice
are being studled. An attempt is being made to determine
what factors are nobst inportant in determning distribution

an¢ azbuncance, This will allow the determ nation of
which areas of the pack ice should be designated as
critical habitat. Because of a conplex set of wvariables

bird distribution in the Bering Sea is harc to characteri ze.
It appears that the area from the shelfbreak to the

begi nning of & oktas of ice cover is the ‘most inportant

for pirds. This area corresponds to what is usually

known as the “ice front”. It is not known if the presence
of ice plays a role in concentrating birds in the

Bering Seza,

observations in the Beaufort Sea snow that distance from
land is the most inportant variable in determning bird
densities. The area from the mainland or barrier islands
out to o-ne ¥m has the nobst intensive bird use. Few birds
are present at nore than 20 ¥k¥m from shore.

Birds i n the Bering Sea are feeding primarily on fish
and zooplankton associated with a deep warm water |ayer.
The presence of deep warm water may be inportant in
determ ning which areas are important to large numbers
of biras. In the Beaufort shoreline migrants are feeding
primarily on 2zooplankton while pelagic species are
feeding on fish.

f'or purposes of oil developnent all areas within 20 km
of shore in the Beaufort can be considered critical habitat.
The area within one km of land is the npbst intensively used
part of this area. It is hard to designate critical habitat
in the Bering due to the dynamic nature of the ice. Further
oceanographic work is needed to determine why certain
sections of the ice front support such |arge nunbers of
birds while other areas have very |ow densities.
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1. Introduction
A, Ceneral nature and scope of study

Sea ice represents a unique marine habitat. Acting as a barrier
between the air and water, it has a wide range of effects on seabirds
Ways in which sea ice decreases seabird nunbers include:

1. Decreasing the anount of open water available for
feeding and roosting.

2. Lowering primary productivity in the water colum by
decreasing the depth of the euphotic zone and preventing
wi nd nixing.

3. Reducing benthic prey by scouring the bottom in shall ow
wat er .

Ways in which sea ice can enhance bird nunbers include:

1. Providing a roosting space for species that nornally
roost on solid substrates.

2. Providing a matrix for an in-ice phytoplankton bl oom

3, In areas of multi-year ice, providing a substrate for an
under-ice comunity of zooplankton and fish.

4. Decreasing wi nd speeds and sea surface disturbance in the
i mmediate vicinity of ice.

B. Specific objectives
The specific objectives of this study are:

1. To determine the distribution and abundance of seabirds
found in the open water south of the pack ice, at the ice
edge and in the pack ice. Densities in the pack ice are
analyzed with regard to ice type and anount of ice cover.

2. To deternmine the role that pack ice plays in the yearly cycles
of seabirds and identify those species that are nobst dependent
on the pack iee environnent.

3. To determne the feeding habits of the seabird species
associated with the pack ice

C. Relevance to problens of petroleum devel opnent

The ice environnent of the Bering. Chukchi and Beaufort seas will
present problems unique tc the exploitation of eil and gas reserves
under these waters. Technical means have not. been devel oped to keep
moving pack ice fromaffecting oil platfornms. Underwater pipelines
transporting oil to the mainladd will be in danger of rupture by keels
on ice floes. For these and a number of other reasons, the occurrence
of an oil spill or similar major disturbance is nore likely in the pack
ice than in ice-free waters

When a spill occurs the inpacts on marine organisms associated with
the pack ice probably will be more severe and longer-lasting than the
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i npacts on biological systens in warner waters. \ter tenperatures
adjacent to the ice are usually near O°C and bi odegradation of oil occurs
very slowmy at such |low tenperatures. O spreading out on the underside
of ice can be incorporated into it and affect the in-ice algae bloom

and associated fauna. QI spilled directly into leads will foul the
limted amount of open water available to birds deep in the pack ice.

The birds found in and next to the pack ice will be severely inpacted
by oil spills. Birds are typically one of the nost obvious and
imediate victins of oil spills. Direct nortality is caused by oil
fouling feathers resulting in loss of insulation, stress and possible
ingestion of oil. Mire subtle effects are caused by the inpacts of oil
on the lower l|evels of trophic webs. Seabirds are at the termnal end
of the marine food chain and thus are sensitive to any changes that occur
at lower |evels.

Research on seabirds in coastal areas (R.U. 3/4) has centered on
delineating critical habitat so that precautions can be taken to minimze
the inpacts in these areas. The pack ice is too dynam c, however, to
all ow the designation of specific geographic areas as critical habitat.
Critical habitat in the ice environment has to be defined in terms of
distance to ice edge, anount and type of ice cover, water tenperature,
etcetera. These factors are constantly changing during ice formation and
def ormation. This project will provide pre-develcpment information on
the distribution and abundance of birds in relation to these paraneters
and allow the devel opnent of a predictive nodel. Inpacts of devel opment
on pack ice birds can then be measured using the information gathered by
this project.

Current state of know edge

Previous studies that attenpted to correlate ice with bird distribution
are few Frame (1973) reported on bird observations in the Beaufort Sea in
surmer. He only counted followers, however, and his work is not directly
comparable to this project's. Watson and Divoky (1972) present information
on birds next to and south of the pack ice in the Chukechi Sea in Septenber
and October. |rving et al. (1970) presented general information on birds at
the Bering Sea ice edge in March.

Publ i shed accounts of pelagic observations in and next to the ice that
do not deal specifically with iee in relation to bird distribution include
Wat son and Divoky's (1974) observations in the Beaufort and Jacgue's (1930),
Nel son’s (1883) and Swartz's (1967) observations in the Chukchi. Unpublished
pel agi ¢ observations deep in the Bering Sea pack ice were nade by Divoky in

March 1973,

The feeding habits of birds in and next to the pack ice are poorly known.
The only applicable studies are those of Watson and Divoky (1972) and
Divoky (1976) who report on prey itens and feeding behavior of birds at the
Chukehi i ce edge in Septenber.
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Study areas

The three seas covered by this project differ greatly in their amunt and
type of ice cover and their inportance to seabirds. The following is a
di scussion of the marine and ice environment in each of these seas.

Bering Sea. Ice begins to cover the northern Bering Sea in late Novenber
Ice coverage is at a maxinumin February and March when the southern edge of
the ice is usually found near the edge of the continental shelf.
Deconposition of the pack ice begins in late April and continues until mid-
June. This period (approximtely six nonths) of ice cover is quite short
conpared to the Chukchi and Beaufort seas where some ice is present throughout
the year. Because alnost all of the ice in the Bering Sea is first year ice
it lacks the extensive keels and pressure ridges found on ice in the Arctic.
Wiile the Bering Sea ice supports an in-ice photoplankton bl oom (McRoy and
CGoering 1974) it is not known to have an under-ice fauna associated with its
under si de

The Bering Sea ice “front” refers to the area of |oose ice south of the
more consolidated pack. It is conposed primarily of bands of ice pans.
Large floes are prevented from formng by swells on the open water to the
south . When the wind is fromthe south the front is conpacted against the
main pack ice in a narrow band. Wen the wind is fromthe north the front
beconmes wider and nore diffuse. In spring primary productivity is high in
the water columm under the ice front. At the sane tine productivity in the
wat er colum under the consolidated pack and south of the ice front is low
(McRoy and Goering 197k). For this reason the ice front is an inportant
bi ol ogi cal area supporting large nunbers of birds and mammals (Fay 197k).

Anot her feature of the Bering Sea pack ice of inportance to birds is the
open water associated with the islands found in the pack ice. These areas
of open water (polynyi) are formed by the northerly winds which concentrate
ice on the north side of islands and nove ice away from the southern sides.
These polynyi act as refugia deep irn the pack ice.

The Bering Sea differs fromthe two Arctic seas studied by this project
in that it has a high level of biological productivity. This is denonstrated
by the large fishery the Bering Sea supports and by the large nunber of
breedi ng and non-breedi ng birds present in sumrer.

Chukchi Sea. Ice covers the Chukchi Sea from Novenber to May and coverage
is alnost conplete during this period. Exceptions are the area of broken
ice in the Bering Strait, a polynya associated with the shoreline in the
Point Hope area (Shapiro and Burns 1975) and a |ead system northwest of Point
Barrow In late May the ice in the southern Chukchi Sea begins to deconpose
and nost of the area south of Cape Lisburne is ice free by July. The edge
of the Arctic pack ice is present in the northern Chukchi throughout the
sumer occurring anywhere between 70° and 72° N.

The ice in the Chukechi Sea apparently supports an in-ice algae bloom
simlar to those found in the Bering and Beaufort seas. The nulti-year ice
in the Chukchi is known to support an under-ice fauna of zooplankton and
arctic cod. The underside of nulti-year ice has nunerous keels and pockets
which create a large surface area. Amphipods are known to concentrate on
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the ice underside presunably obtaining food from the plankton bloons occurring
in and on the underside of ice (Mohr and Geiger 1968; MacGnitie 1955).

Arctic cod prey on the anphi pods and ot her zooplankton found next to the ice.
The underside of nulti-year ice is thus simlar to a reef in that it has fish
and invertebrate popul ations associated with a substrate. Little is known
about this community. It is present in the spring and sunmer but not hing

is known about the winter situation.

The water flowing north through the Bering Strait is a major influence
on the Chukchi Sea. This water is warmer than Arctic waters and is the main
reason for the rapid deconposition of ice in the southern Chukchi Sea.

This water also supports high levels of prinmary productivity in sumer
(McRoy et al. 1972) and nmkes the southern portion of the Chukchi Sea the
most biologically productive waters in the Arctic Ccean off Al aska.

Beaufort Sea. Ice covers nuch of the Beaufort Sea for alnmost twelve
months of the year. The amount of open water present in the sumer is
dependent o> :rind and weat her conditions. Adjacent to the coast strips of
open water are present from approximately June to Cctober; its width is
dependent on the wind with south winds noving the ice offshore and north
wi nds pushing the ice inshore. The pack ice present in the northern Chukchi
and Beaufort seas in summer contains much open water between ice floes.

Thus even in areas deep in the permanent pack ice there is open water
available to birds in sunmer.

The Beaufort Sea supports an in-ice plankton bloom followed by a bloom
in the open water. The Beaufort Sea is characteristic of arctic waters wth
productivity being reduced due to the lack of upwelling or nmixing. Because
of this the Beaufort is the |east productive of the three seas studied by
this project.

Sources, nethods and rationale of data collection
A.  Methods
1. Pelagic censusing

Pel agi ¢ censusing is conducted fromthe flying bridge during
15 mnute observation periods. Al birds seen in a 300-nmeter wide
transect are recorded. Information is obtained on species, age,
sex and activity. Ship followers are recorded once during each
observation period but are not included in density conputations.
I nformati on on oceanographic, meteorologic and ice conditions are
recorded for each observation period. In 1977 all observations
were put on coded sheets and sent to Mchael Crane of AEIDC for
punching, editing and conversion to nmagnetic tape.

Al pelagic data collected by R.U. 196 has been handled in the
manner described above since the project started in 1975. After one
year it Dbecane obvious that the method of data processing was too
cunbersone to allow rapid analysis of data by conputer. The amount
of person hours involved in coding the data, keypunching and edit-
ing was also large. It becane obvious that after the data was on
magnetic tape and sent to NODC (the National Cceanographic Data
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O
Center) it was not possible to obtain sorted or analyzed data. These

problems were dealt with in 1977 by developing a data entrY and analysis
system

The system consists of a S01-20 micro-conputer, a Northstar Disc
drive and a television nmonitor. An entry programwitten by Leo Kar
of Custom Computing of MIIl Valley, California, allows data to be
éntered directly fromfield forms and stored on a magnetic disc. The
entry programis based on the “033" format used for all OCSEAP pel agic
transect data. It is an interactive programin that the nane of a
parameter or data field appears on the screen and the operator enters
the information fromthe field form  The entry program contains edits
that prevent data from being entered that are not logical or do not
fall within the values appropriate for a certain field.

The system was comoleted in the late summer of 1977 and was not
used on any OCSEAP cruises during that year. The principal investigator
of this project did use it, however, on a cruise fromCalifornia to
New Zeal and to the Antarctic with David Ainley of the PRBO.  Over
500 stations were entered on the cruise and, except for minor problens
with power fluctuations caused by the ship's generator, the entry
system wor ked perfectly.

An anal ysis of variance program has been devel oped that allows
the primary factors we correlate with bird densities (ice cover,
distance from land, distance from shel fbreak, sea surface tenperature,
etcetera) to be stratified and the densities of certain species or
total densities analyzed anong the strata. This program has just been
devel oped but the few tests that have been run on it show that it wll
be a very useful tool for the quick analysis of data at the end of a
cruise. The program has the additional benefit of allowing data to
be anal yzed during a cruise so that sampling in the latter stages
of a cruise can be based on the analysis of the data fromthe first
part of the cruise.

The handling of large anmbunts of pelagic data has been a problem
for this research unit as well as the U S. Fish and Wldlife Service.
The data processing system devel oped by the PRBO allows the quick
entry of data on board ship. At the end of the cruise the observer
has a set of floppy discs that can be run through a translation
device and all of the information put on magnetic tape for NODC. The
discs can also be used for analysis as soon as the cruise is over
The benefits of such a system are obvious and it is hoped that OCSEAP
carries out nost of its future pelagic work with the aid of such a
system
Speci men col | ecti ng and stomach contents anal ysis

Specimens are collected with a shotgun froma small boat. On
board ship information on weight, nolt, gonad, size and fat deposition
are obtained. Al food itens present in the muth, esophagus, and
stonach are included in the analysis. Al prey itenms are identified
to the | owest possible taxonomc level and courted and neasured.

Wei ght of each prey group is determ ned.
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Results

An attenpt is made in this report to portray graphically the densities
of birds encountered on the cruises listed in Table 1. \hile all data will
be analyzed with regard to ice, oceanographic and geographic conditions,
it is recognized that nuch of what needs to be known by OCSEAP and BLM
admnistrators is what birds are present where and in what densities. Sone
cruises conducted as part of R.U. 196 are not presented in this report. They
are being mapped, however, and will be presented in a later report. A
conpl ete analysis of the data will be done using the conputer programnms
di scussed in the methods section of this report.

A Bering Sea
1. Pelagic densities
Densities of birds seen on the three Bering Sea cruises in 1977
are presented in Tables 2 through 4. Figures showing densities of
all species seen on five or nore transects are presented on
Figures 1-122.

2. Stomach contents

The prey found in the. stomachs of Uria aalge, U Tlonvia and
Rissa tridactyla are presented in Tables 5, 6 and 7 respectively.

B. Chukchi and Beaufort
1. Pelagic densities
Densities of all species seen on five or more transects in the

Chukchi and Beaufort Seas are presented in Figures 124 through 230.
Tables & and 9 show the density of birds by area for 1977 cruises.
Tables 11 through 15 present bird densities in the Beaufort in
relation to distance fromland. .This infornation is portrayed
graphically in Figures 231-235.

2. Stomach contents

The stomach contents of Black-1egged Kittiwakes collected in the
Beaufort Sea are presented in Table 10. :
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VII. Discussion
A Bering Sea

Pelagic bird distribution in the Bering Sea is
determned by a conplex set of paraneters including
di stance fromland, distance from shelfbreak, ice
conditions, sea surface tenperature and nature of the
water colum. As all of these factors have varyin
degrees of inportance, the analysis of the Bering Sea
data will be conplex but extrenely interesting. In |ast
year's annual report an attenpt was made to anal yze the
correlation of bird densities with distance from the
northern and southern edge of the ice front. The analysis
showed that certain species had affinities for specific
parts of the ice front. Such an analysis is useful for
predicting bird densities based on satellite photos.
Cruises in 1977 snowed, however, that the primary factor
in determning the abundance of birds in and near the
ice front is the presence of a two |ayered system a cold
wat er | ayer above a warner |layer. Studies by R T. Cooney
and ot her personnel from R.U. 246 found the gottonllayer
ocontained pollock (Theragra chlacogranna), capelius
(Mallotus villosus), Parathemisto libellula and Neomysis
rayi. Analysis of murre stonachs showed that the specres
menti oned above mace up the bulk of the prey (Tables 5
and 6). A series of zooplankton tows taken during a
24- hour period by R.U. 246 showed that the fish and
gooplankton migrate up into the water colum at night.
Because the layer of fish and zooplankton occurred at
depths of 30 fathons and nore, murres may be feeding
primarily in the early norning hours when prey are still
present close to the surface with enough light to be
vi si bl e. In order to test this assunption we collected
bird specinmens at three periods of the day: 800-1200
1200- 1600, 1800-2000 ADT. Common Murres (Uris aalges
fed nmost in the nid-afternoon (Table 5). Murres are
visual feeders and can probably locate a naxinmum
quantity of prey during nmaximum 1ight penetration of
the water colum in early afternoon.

We now know that the concentrations of fish and
zoopl ankton near the bottom of the water columm are the
maj or factors in producing high densities of birds at
the ice edge but we do not know how the presence or
absence of ice relates to these prez aggregati ons.

Maybe the |ocation of the shelfbreak is of critical

I nportance and feeaing flocks of birds occur in the ice
onIK because the ice front is found near the shelfbreak.
We hope the University of Al aska PROBES study will shed
some iight on what determnes the spatial and tenporal
distributions of prey items of birds in the Bering Sea.
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VIII.

B. Chukchi and Beaufort Seas

The distribution of birds in the northern Chukchi
and Beauwfort Seas is, unlike in the Bering Sea,
| argely determned by a single paraneter, distance
fromland. Myst of the birds in the Beaufort are
tundra nesters that use the Beaufort as a magratory
pathway and as a feedin? area prior to the fal
mgration. Because of [ow productivity in the off-
shore waters of the Beaufort, the nearshore waters
hewe the highest concentrations of feeding birds.
The inportance of nearshore waters is increased by
the large nunmbers of waterfow that use the coast as
a mgratory pathway. In nmany areas the waterfow
do not roost or feed but sinply pass overhead.

The densities of birds in the Beaufort Sea in
relation to land are presented in Tables 11 tarough
15 and Figures 231 through 235. Figures 231 and 234
present data gathered on two August cruises on the
Alumiak. On both crui ges high average densities
(over 100 birds per knf were found within 1 km of shore.
From 2 t0 10 ¥m from sghore densities averaged between
20 to 50 birds per km“ Beyond 10 km the sanple size
was smal | but densities were |ow except for mgrant
wat erfow passing over areas of open ocean. Figures
232, 233and. 235show densities obtained on icebreaker
cruises in the offshore Beaufort. Figures 232 and 235
show August densities of birds observed in the offshore
Beaufort. Iy general densities average |ess than 20
birds per km®. Areas with higher densities had either

large flocks of Phalaropes or eiders. During & 3esptecker

crurse in the Beaufort densitie s were higher than in
August probably due to decreasing prey densities in
nearshore waters

The trophic relations’ of birds in the Beaufort are
also closely tied with distance froml|and. Nearshore
speci es consune prinarily zooplenkton and pel agic
species consune primarily Arctic Cod. Because Arctic
Cod are closely associated wth ice. offshore areas
Wi t hout ice have very low prey densities.

Concl usi ons

Bird densities in the Bering Sea need to be further
studied with respect to the oceanographic conditions that
cause concentrations of fish and zooplankton at the ice
edge. Further cruises with biological oceanographers wll
allow bird densities to be correlated with prey abundance
rather than those paraneters that are nost easily obtained
by persons studying seabirds (i.e. distance fromland, ice
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cover, sea surface tenperature, etc.). The large numbers
of birds found in the ice front in the Bering Sea may have
little to do with the ice conditions. The |ocation of the
ice front may just happen to coincide with an area of prey
abundance.

Cruises in the Beaufort Sea in 1976 and 1977 show that
the offshore waters have very |ow densities of birds and
that the area within 20 km of shore is nost inportant to
feeding and mgrating birds. Further studies should center
on the area within 20 kmof shore in order to see what
nearshore features or processes are nost inportant in
determning bird distribution and abundance within the zone.

The only pelagic area of the Beaufort found to regularly
support high nunbers of birds is the area just north of
Point Barrow. (Qbservations in 1977 showed that Bering
Sea water north of Point Barrow had high densities of
zoopl ankton at the surface. The high densities of birds
found from Point Barrow along the shae to the eastern
Plover |Islands may be aue to the Bering Sea water offshore.

Summary of 4th quarter operations
A. No field work was conducted during this quarter.
The Pacific Seabird (}ouB meeting and the Beaufort
Synthesis were attended by the principal investigator.
B. None

C. Estinmate of funds expended.

Sal ari es $ 8000.
Travel 2200.
Equi pment -

O her direct costs 3000.
Over head 3100.
Tot al $16300.
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Table 1,

Ship

USCGC Burton Is.

UscGe d aci er
R.V. Alumiak
USCGC d aci er

NOAA Di scover er

NOAA Surveyor
NOAA Surveyor
NOAA Di scover er
USCGC d aci er
R.V. Alumiak

USCGC d aci er

Dat e

22-28 July 1976

6 August - 3 Sept. 1976
19-30 August 1976

5-17 Sept. 1976

lo-24 Sept. 1976

15 March - 6 April 1977
14 April - 6 My 1977
20 May - 10 June 1977
2-5 August 1977

2-25 August 1977

6 August - 5 Sept. 1977

Data reported in this report were gathered on the follow ng cruises.

No. of 15 Cruise Track

Locati on mn. ohs. Figure #
Chukchi and Beaufort Seas 88 125, 191
Chukchi Sea 282 132
Beaufort Sea 135 194
Beaufort Sea 130 194
Northern Bering and Southern 256 148,1L9
Chukchi Sea

Bering Sea 271 1,2,3
Bering Sea 290 36, 37, 38
Bering Sea 357 77,78
Chukchi Sea 43 182
Beaufort Sea 226 219
Beaufort Sea 462 219
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Table 2. Bird densities by area in the Bering Sea, 15 March to 6 April 1977.

Avg. density Avg. density
Area # of transects per kn? Princi pal species per kni
Uni mak Pass 8 3230 Uis spp. 2550
Aethia cristatella 666
Unimak Pass to 13 5.3 Uri's spp. 4
St. Ceorge Rissa tridactyla 0.9
Pribilofs to 17 4.2 Uis spp. 3.5
St. Matthew Rissa tridactyla 0.3
I ce south of 34 591 Uria spp. 440
St. Matthew Larus hyperboreus 139
lceedge south 14 9 Uris spp. 6.2
of St. Matthew Larus kyperboreus 1.9
M dway between 15 2.8 Uris spp. 1.9
Privilofs and
Cape Newenham
| ce m dway 26 1.9 Larus hyperboreus 0.6
bet ween Pribilofs Larus glaucescens 0.6
and Cape Newenham
South of Cape 6 13 Uis spp. 13
Newenham
lce south of 22 5.2 Uria sop. 2.4
Cape Newenham Ei der 1
Appr oachi ng 24 11 Uis spp. 10
Uni mak Pass
from Bristol Bay
Akutan Pass to 26 88 Aethia cristatella 44
Unimak | sl and Uis spp. 21
Somateria spectabilis 17
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Table 3. Bird densities by area in the Bering Sea, 1k April to 3 My 1977.
Avg. density Avg. density
Ar ea # of transects per knf Princi pal species per km
Uni mak Pass 13 29 Uis spp. 16
Anatid 5
Nor t hwest of 6 32 Uris spp. 17
Uni mak Fulmarus glacialis 13
Uni mak Pass to 25 30 Uis spp. 18
Cape Newenham Fulmarus glactalis 6
Bri stol 19 13 Uis spp. 1
Clangula hyemalis 2
Leavi ng Bristol 33 4.3 Uris spp. 2
Bay Rissa tridactyla 1
East of St, Paul 34 15 Fulmarus glacialis 6
Somaterta spectabilis 2
Uris spp. 2
lcenorth of 27 17 Uris spp. 10
St. Paul Rissa tridactyla 3
Larus hyperboreus 2
| ce edge south 18 10 Uris spp. 5
of St. Matthew Fulmarus glacialis 2
Appr oachi ng 14 12 Uris sp. 8
Uni mak Pass Fulmarus glacialis 2
Uni mak Pass 5 30 Uris spp. 21
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Table 4. Bird densities by area in the Bering Sea 20 May to 10 June 1977.

Avg. density Avg. density
Area # of transects per kni Princi pal species per kni
Leavi ng 29 15 Oceanodroma furcata 5
Unimak Pass Rissa tridactyla 5
Sout hwest of 12 58 Phalaropus fuliecarius 27
St. Paul Uis sp. 17
Fulmarus glactalis 8
Nor t hwest of 19 1T Uis spp. 8
St. Paul Aethis pusilla 3
| ce edge west of 13 116 Aethia pusilla 88
St. Matthew Uis spp. 2L
lcewest of 55 257 Aethia pusilla 169
St. Matthew Uis spp. 33
Rissa tridactyla 36
Icewest of 11 57 Aethia pusilla 25
St. Matthew Aethia cristatella 15
Uria spp. 6
Paral | el i ng 29 89 Uis spp. 47
ice south of Aethia cristatella 19
St. Matthew Aethia pusilla 14
Ice between 26 47 Uria spp. 30
Nunivak and R ssa tridactyla 4
St. Matthew Fulmarus glacialis 3
I ce west of 9 274 Uria Spp. 213
Nunivak Fulmarus glacialis 21
R ssa tridactyla 9.
Vest of Wunivak 7 9.4 Uria spp. 5
Aethia pusilla 2
lceedge west 21 26 Uis spp. 19
of Nunivak Fulmarus glacialis 2

198



Table 4 (continued).

Ar ea

# of transects

| ce nort heast 18
of St. Matthew

| ce ni dway 25
bet ween

St. Matt hew

and Nuni vak

Sout hwest of 10
Nunivak

16

Avg. density
per kni
55
21
14

199

Princi pal species

Uris spp.
Phalaropus fulicarius
Aethia eristatella

Uria spp.
Rissa tridactyla

Uis spp.

Avg.
per

dengity
klng

34

)
4

14
2



aog

Table 5. St omach contents of

Pollock

Capelin

March 1976
n=1l7T wt.=T73.2g
% Wt . 56
% freq. 100

April 1976
n=14 wt.=L86g
% owt. 60
% freq. 21

March 1977
n=2 w.=6.99g
% W,
% freq.

April 1977
n=3 wt.=36.1g
bW
% freq.

May 1977*
n=U8 wt.=568.6g
B W 1
% freq. 5

Uris aalge collected in the Bering Sea ice front.

Parathemisto

Herring  Unid. fish libellula

38
41

tr.

26
33

55
40

100
100

34
67

¥Additional information On May 1977 speci nens

48total birds collected
Time of collection

0700 - 1000 ADT

1000 - 1500 ADT

1500 - 2100 ADT

Nunber

of birds

Number empty

19
1
17

2

2420
0 16.2

— =

Euphausids

20
57

39
33

Avg. vol.

Neomysis »ayil

16
30

L
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Table 6. Stomach contents of Uris Zomvia collected in the Bering Sea ice front.

Parathemisto
Pollock  Capelin Unid. fish libellula Euphausids Squid Uni d.

March 1976

n:2 wt . =10g

% wt. 100

% freq. 100
April 1976

n=9 wt.=L86g

%ot 99 tr. 1 tr.

% freq. 90 22 11 11
March 1977

n=8 wt.=255¢

%W 9 tr. 59 21 10

% freq. 22 6 100 17 6
April 1977

n=10 wt.=36.1g

% wt. 26 34 39

% freq. 33 67 33
May 1977

n=26 wt.=126.6g

% wt. tr. tr. tr. 79 17 tr. 3

% freq. 35 4 4 73 35 12 12

81
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Table 7. Stomach contents of Rissa tridactyla collected in the Bering Sea ice front.

Parathemisto . .
Pollock  Capelin Unid. fish libellula Euphausids Neomysis rayt
March 1976
n=2 st.=.8¢
7 wt. tr. tr. 100
% freq. 100 100 100
April 1976
n=l wt.=llg
bt 95
% freq. 100
> March 1977
n=3 wt.=5.2¢g
5wt 100
% freq. 100
April 1977
n=12 wt.=65.6¢g
% wt. 6 54 37 1
% freq. 75 75 80 17
May 1977
n=11 wt.=7.3g
7 w. 96 tr. tr. tr. 4

% freq. 64 14 14 14 14

6l



Table 8.

Beaufort Seas 1 August to 6 Septenber 1977.

Ar ea # of transects

East ern
Chukchi Sea

Tangent Poi nt
to Oliktok Point

Jones Islands to
Brownlow Poi nt

| ce edge off
continenta
shel f

Appr oachi ng
Denar cati on Bay

fromnorth

Denarcation Bay
to Cape Hal kett

(close to 10
fathom curve)

Cape Halkett
to Pt. Barrow

49

111

2l

43

46

126

105

Avg. density
per _kn¥

5.5

2.6

2.0

0.9

3.8

4.4

9.7

203

Bird densities by area in the offshore waters of the eastern Chukehi and

Avg. density
Princi pal species per km’
Phalaropus fulicarius 2.1
Ri ssa tridactyla 1.0
Phalaropus fulicarius 0.8
Rigsa tridactyla 0.3
Sterna paradisaeaq 0.8
Larus hyperboreus 0.6
Phalaropus fulicarius 0.4
Sterna paradisea 0.3
Rigsa tridactyla 0.3
Clangula hyemalis 2.5
Phalaropus fulicarius 2.5
Clangula hyemalis 0.8
Sterna paradisaea 3.9
Ei der 2.1
Phalaropus fulicarius 1.1
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Table 9. Bird densities by area in the nearshore waters of the Beaufort Sea
3 to 26 August 1977.

Avg. density Avg. density
Ar ea # of transects per km? Princi pal species per k
Barrow to 26 81 Ei der 38
Cape Si npson Phalaropus fulicarius 16
Clangula hyemalis 8
Stem paradisaea 6
Cape Halkett 84 49 Ei der 34
to eastern Clangula hyemalis 7
Canden Bay Phalaropus fulicarius 5
Eastern Canden 57 10 Ei der
Bay to Halkett Phalaropus fulicarius 1.8
Cape Halkett to 59 36 Clangula hyemalis 18
Tangent Poi nt Sterna paradisaea 6
Ei der 6
Phalaropus fulicarius 3
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Table 10. Stomach contents of Rissa tridactyla collected in the eastern Chukehi and Beaufort

Parathemisto
Arctic Cod Amphipods Mysids libellula Shrimp

July to Sept. 1976

n=25 wt.=112.k4g

%W 89 7

% freq. 76 20
August to Sept. 1977

n=15 wt.=k2.3g

Fowt. 73 7 8 12

% freq. 87 20 7 7

Seas.

Ze
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341876

Distance from jland Km

s 1

2+3

45

647

10411

1

12413

1h415

16417

18419

22423 24425 26427  28+29 30431 32433
Nunber of transects n 28 40 18 11 17 5 3 2 1 1 1 2 ? 1 9 .
Gavia srctica z 0.2 1.3 0.2 0.5 0.} 1.1 0.3 1.b O'ﬂ o.ﬁ 1 @ b1 1.1 O'ﬂ 23 12
% freq 18 18 11 28 29 60 33 50 0 100 0 s 106
Gavis stellata z 0.0 0.2 0.0 0.3 0.3 0.0 0.0 0.4 1.4 o.ﬂ 0,0 0.0 0.0 0.8 0.0 1.2
Al Gavie % 1.3 1.0 02 08 1.b 19 0.5 iS 1.4 i 108 b, 1.6 0.0 207 24
% freq 29 25 17 45 59 80 33 0 100 100 100 0 50 100
Clangula hyemalis ¥ 1.2 207 130 366 219 00 16 0.8 0.0 o @0 00 00 op 00 00
' % freq 9 70 50 3 59 0 67 0 0 0 0 0 0
Al Eiders x 15.0 22 3.7 36 69 26,2 00 164 0.0 m O'ﬂ 50 2963  65.7 479 547
% freq 11 13 22 18 24 20 0 50 0 100 100 100 100 100
All Phalaropes % 9.1 36 228 4.3 2.9 0.6 0.0 0.0 0.0 0.8 O'ﬁ 0.0 0.0 0.0 0.0 2.4
% freq 50 35 61 27 80 40 0 0 0 0 0 0 0 100
Al Stercorarius % 03 joo. o1 04 02 00 00 0.0 0.0 0.8 O'ﬂ 0.0 00 09 00 O'ﬂ
% freq 18 &, 0, 6 27 12 0 0 0 0 0 0 100 0
Larus hyperboreus % 2.5 k.3 2.7 0.2 0.3 0.3 0.0 0.0 0.0 0.8 0.8 0.5 0.6 0.9 0.5 1.2
% freq 211 23 39 18 29 20 0 0 0 50 50 100 50 100
Rissa tridactyls % 0.8 0.3 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.8 o.a 0.0 0.0 0.0 0.0 0.0
% freq 18 13 0 0 6 0 0 0 0 0 0 0 0 0
feme sabini % 2.3 0.9 0.4 0.1 0.5 0.0 0.0 0.0 0.0 0.8 o.ﬁ 0.0 0.0 0.0 0.0 0.0
% freq 1% 8 6 9 18 0 0 0 0 0 0 0 0 0
Sterna paradissea ¥ s L8 31 o0 1w 00 00 00 0.0 0.8 00 00 06 00 00 o4
% freq 32 20 22 0 11 0 0 0 0 , 0 0 50 0 0
TOTAL DENSITY % 3107 458 463 463 356 290 1.9  18.2 1.4 9.4 1.0 122 2995 675 511  60.7
% freq 100 95 ol 91 94 100 100 100 100 100 100 100 100 100 100 100
% transects with ice 86 82 89 64 u7 40 100 100 100 100 100 100 100 100 100 100
Table 11. Densities of birds in relation to distance from Land in the Besufort Sea in August

3.976.
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Di stance fromland Km 6-10 11-15 16-20 21-25 26-30  31-35 36-b0  41-45 46-50 51-55 56-60  61-65 66-70 T71-75 76-80 81-85 86-90 91-95 96-100
Nunber of transects n 3 3 11 1 21 6 11 7 7 10 1y 3 2 1 1 1 2 2 1
Al Gavia x 0.1 0.0 0.0 0.0 0.2 0.3 0.3 0.0 0.0 0.0 0.1 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0
% freq 33 0 0 0 10 17 18 0 0 0 7 0 50 0 0 0 0 0 0
Clangula hyemalis X 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.0 0.3 1.6 0.0 6.4 0.0 0.0 0.0 0.0 3.b 3.4 0.0
% freq 0 0 0 0 0 0 18 0 14 10 0 33 0 0 0 0 50 50 0
Al Phalaropes X 0.0 65.9 5.6 0.0 2.3 1.2 7.6 0.8 60.3 19.8 9.5 0.0 0.0 0,0 0.0 0.0 0.0 0,0 0.0
% freq o0 100 18 0 10 17 18 14 5T 20 1k 0 0 0 0 0 0 0 0
Al Stercorarius x 0.0 0.0 0.0 1.1 0.0 0.0 0.1 0 &; 0.8 0.2 0.0 0.0 0.0 0.0 0.0 0.0 2.0 0.0 0.0
% freq O 0 0 20 0 0 9 ! 1k 10 0 0 0 0 0 0 100 0 0
Larus hyperboreus X 0.0 0.8 0.0 0.0 0.0 0.0 0.2 0.0 0.3 0.7 0.1 1.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
% freq 0 33 0 0 0 0 9 0 1k 20 1 33 0 0 0 0 0 0 0
Rissa tridactyla X 0.2 3.1 0.7 0.0 0.0 0.0 0.2 0.0 0.3 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
% freq 33 67 27 0 0 0 9 0 14 10 0 0 0 0 0 0 0 0 0
Xema sabini X 0.0 3.2 0.2 0.1 0.1 0.2 0.8 16. 0 18.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.k 0.0 0.0
% freq 0 67 9 14 5 17 29 1k 29 0 0 0 0 0 0 0 50 0 0
Sterna paradisaea % 0.0 0.0 1.1 0.0 2.3 0.0 0.0 4. v 1.0 2.3 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
% freq 0 0 27 0 19 0 0 0 29 10 0 o 0 0 0 0 0 0 0
Al Uria x 0.0 2.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
% freq O 33 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TOTAL DENS | TY % 0.7 77.8 7.6 1.2 5.0 1.7 9.9 17.0 81.9 25.9 10.1 7.6 0.5 0.0 0.0 O.B 6.7 3.b 0.0
4 freq 67 100 ) 29 33 50 27 14 57 Lo 21 33 50 0 0 10 50 0
% transects with ice 100 0 73 71 95 100 100 71 51 90 100 100 100 100 100 100 100 100 100

Table 12.

Densities of birds in relation to distance fromland in the Beaufort Sea in August 1976.
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Distance from lend Km 1-5 6-10 2115 16-20 21-25 26-30  31-35  36-40 ul-ks 16-50 5155 56.60 61-65 66-70 71-15 16-80 81-83 86-90 91-95 96-100 101-103 106.110 111-115 116.120 121-125 126-130
Number of tramsects n 0 ) 3 1 0 1 u u 5 2 3 n 12 ) 7 9 1 ) 10 14 b 1 1 0 6 2
AL Gavia H 0.8 23 oo 0.0 08 oo 1.2 oo 00 38 1u 88 oo 00 L3 o2 08 06 16 18 oo 0.0 0.0
2. treg 80 100 0 0 50 0 20 0 0 18 1 20 0 0 27 20 50 36 33 100 0 0 0
Clangula hyemalis X 3.5 1.5 0.0 0.0 0.0 5.4 131 0.0 2.7 0.2 1.1 0.0 1.0 0.2 0.2 0.0 0.6 2.7 0.0 0.0 0.0 2.8 0.0
% freq 80 33 0 0 0 25 Lo 0 33 9 33 0 1% 11 9 0 20 21 0 0 0 50 0
Puffinus tenuirostris X 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.1 0.1 0.0 0.0 0,0 0.0 0.0
% freq 0 0 [} 0 0 0 0 o 0 0 0 0 0 0 0 10 7 0 0 0 0 o
ALl Elders % 611.5 0.0 0.0 51 2.3 0.0 0.0 0.0 3.3 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.9 0.0 0.0 0.0
% freq 0 0 0 100 25 0 0 a 33 0 8 0 0 0 0 0 10 0 0 0 0 0 0
All Phalaropes % 0.b 0.0 0.0 20.6 37.8 5k.9 232 2 2.1 1.3 2.5 0.3 0.0 3.3 18.1 10.6 1.5 7.9 0.0 0.0 35.0 0.0 0.5

% freq 20 0 0 100 5 101 60 50 3 21 8 20 0 1L 45 20 50 36 0 0 100 0

Stercorarius % 0.0 0.0 0.0 0.0 0.8 0.6 0,0 0.0 0.0 0.9 0.2 0.0 0.0 0.0 0.1 0.0 0,0 0.0 0.0 0.0 0.0 0,2 0.0
porarinus % freq 0 0 0 0 25 50 0 0 0 9 8 0 0 0 0 0 0 0 0 0 17 0
Stercororius z 0.0 0.0 0.0 2.0 0.0 0.0 0.5 0.0 1.2 0.2 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 a.0
paras [0 icus % freg 0 [} 0 100 o n up [ 33 9 8 0 0 0 0 0 0 7 0 0 0 0 0
Stercorarius 4 0.0 0.0 0.0 0.0 a.q 0.1 0.0 0.0 0.0 0.3 0.0 0.0 0.0 o.B 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.0
longi caudus % freq 0 0 0 0 0 % 0 0 18 0 0 o 0 0 0 0 0 0 0 17 0
Al Stercorarius X 0.0 0.0 0.0 2.0 c.8 0.9 0.5 0.0 1.2 1.3 0.k 0.0 0.0 0.2 0.2 0.4 0.2 0.1 0.0 0.0 0.0 0.5 0.0
R 0 0 0 100 25 75 40 0 3 3 17 0 0 1 18 ko 10 7 0 0 0 k&) 0
lerus hyperborews ok 1 2.4 10 10 k2 3% 15 09 2x 15 o0 05 15 o8 00 23 12 0§ 00 00 03 0.9
lomis BURerlore®  { rrea n o o o 00 s 1o 0 5 61 6 o 1 ® a8 o w0 0w 0 Q T s
Bissa tridactyla 3 0.0 0.0 0.0 2.0 1.3 18 1.0 0.8 0.0 2.0 0.6 0,0 0.0 0.5 0.2 0.4 1.9 0.4 0.9 0.0 0.0 0.7 1.8
% freq 0 0 0 100 50 75 40 50 0 55 17 0 0 = 9 0 50 29 83 0 0 50 100
% 0.0 0.0 0.0 0.0 0.0 o 0.0 0.0 2.1 0.5 0.0 0,0 0.0 0.0 0.0 0.0 1.0 0.6 0.4 0.0 0.0 0.0 0.0
% freq 0 Q o [ 0 0 0 0 33 9 0 0 0 0 0 40 1 17 0 0 0 0
Xema sabini % 0.0 0.0 0.0 0.0 8.2 1A.2 2.2 0.0 0.0 2.7 0.4 0.7 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
% freq 0 0 0 0 25 100 20 0 0 36 17 20 0 11 0 ¢ 0 0 0 0 0 0 0
Sterna paradi saea z 0.0 0.0 0.0 0.0 6.6 2.1 6.2 0.0 0.0 0. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
% freg 0 0 0 0 83 23 20 0 0 8 0 0 0 0 0 0 0 0 0 0 0 0 0
wm DENSITY 2 6596 159 2.4 a7 587 886 508 51 152 142 85 96 15 58 206 117 219 13.% 3,3 18 3.0 by 132
% freg 100 100 100 100 100 100 100 100 100 73 82 60 29. 56 82 ] 90 19 67 100 100 3 100
%transects Wi th fce 0 0 0 d 0 100 60 100 67 100 100 100 100 89 A5 60 ko 43 50 100 0 100 100

Table 13. Densities of birds in relation to distance from land in the Beaufort Sea i.1 Septenber 1976.
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Distance from land Km <1 2+3 445 6+7 8+9 10411 12+¢13  1h+415 16417 18419 20421 22423  2h4+25 26427  28+29 30431 32433
Nurmber of transeets n 14 21 55 by 17 18 7 21 10 3 2 3 3 2 0 2 1
Gavie arct i ca % o8 12 o8 o3 0l 15 10 01 03 00 00 16 00 00 -~ 00 0.8
% freq 29 24 16 u 6 11 29 5 20 0 0 33 0 0 . 0
Gavia stellata % 0.5 0.1 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
— % freq 1k 10 0 0 6 0 0 0 0 0 0 0 0 0 — 0 0
All Gavia % 1.3 1 g 0.8 0.3 0.4 0.3 0.6 0.1 1.2 0.0 0.0 2.9 0.9 0.0 0.0 0.8
% freq b3 3 20 13 18 17 20 10 40 0 0 76 33 o 0
Clangula hyemalis g 3.0 15,2 1w 2.7 0.k 10.k 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0.0 &
% freq b3 L8 36 15 6 17 0 0 0 0 0 0 0 0 0
All Eiders 5 74,9 3.1 0.1 121 36  16.1 00 117.8 0.0 0.0 0.0 0.0 0.0 42.2 0.0 0.8
% freq 43 1k 5 13 18 22 0 38 0 0 0 0 0 100 nt 0
Al Pualaropes % 16.6 2.2 2.8 9.4 7.0 4.2 0.2 0.4 3.9 0.0 0.0 0.0 0.0 2.5 0.0 0.8
% freq 53 29 29 26 2k 39 1k 5 40 0 0 0 0 100 0
Al Stercorarius % 0.5 0.5 0.0 0.1 0.0 0.2 0.0 0.0 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.8
% freq 21 5 2 b 0 6 0 0 20 0 0 0 0 0 0
Larus hyperboreus X 2.9 0.6 0.6 0.5 0.3 2.-1 0.0 0.3 0.8 0.0 1.2 0.8 0.8 1.9 1.2 08
% freq 43 33 16 26 29 39 0 19 40 0 50 33 33 100 ntT 50
Rissa tridactyla X 0.7 0.5 0.1 0.0 1.7 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 08
% freq 14 14 y 2 12 0 0 0 10 0 0 0 0 0 0
Xema sabini 4 0.3 0.0 0.1 0.3 1.2 0.0 0.0 0,0 0.0 0.0 0,0 0.0 0.0 0.0 — 0.0 0.8
% freq 7 0 2 2 12 0 0 0 0 0 0 0 0 0 _— 0
Sterna paradisaea X 2.9 0.6 5.4 3.5 2.1 2.3 0.0 0.3 0.0 35 L.8 0.0 0.0 0.0 — 0.0 08
% freq 36 10 20 21 18 17 0 5 0 33 50 0 0 0 —— 0
Uris species X 0.3 0.2 0.0 0.1 0.1 2.3 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -— 0.0 08
% freq 7 5 0 L 6 11 1k 0 0 0 0 0 0 0 —— 0
TOTAL DENSITY X 133.8 30.0 2k .3 32.4 16.7 L1.0 1.0 119.0 7.2 35 Tﬁ 3.7 1.7 46.6 — 1.2 08
% freq 100 95 6h 83 76 67 29 57 80 33 0 67 67 100 - 50
% transects with ice 57 52 25 28 35 17 29 48 33 100 100 67 100 100 ——— 100 100

Table 14, Densities of birds in relation to distance fromland in the Beaufort Sea in August 1977.
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Distance from land Kn
Number of transects n 2 12 13 25 18 it 26 33 ] 17 9 27 30 2y 17 30 15 13 L] 12 7 B 7 6 3 6 2
Gavia erctica x 0.0 01 0. 0.1 9.0 0.2 0.5 0.1 0.1 0.1 0.2 0.1 0.3 0.1 0.2 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0
% freg 9 8 £ 12 [ 14 23 9 8 11 I3 13 I3 o 7 o a ] il o [} 4 a 0 [
ALl Gavia. x 4.2 0.5 0.6 0.1 0.1 0.2 0.6 0.3 0.1 0.3 9.k 0.1 a3 2.1 0.2 0.1 0.2 0.0 0.0 o1 a.0 6.0 o, a.0 0.0 0.0 0.0
% freg 100 2% 3 12 1 21 27 18 15 29 33 n 17 L 12 3 7 0 [} 0 0 a o a [}
Fulmarus. glacialis x 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 a.0 0.0 n1 0.0 0.0 0.0 0.0 0.0
% freq 2} 0 [4 0 [ 0 2 0 Q a o o [ 4 0 0 [¢] 0 12 o 1] o o -0
Puffinus tennirostris x 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 a0 0.1 0.1 0.1 0.0 0.0 * 0.0 0.0 0.0 0.0 0.0 0.0 0.0 oo 0.0 0.0
% freq ° 0 ° [ [ 0 9 3 0 [ 0 0 y 6 o o 0 o o o a [ o o °
x 0.0 9.8 0.0 1.9 2.2 0.0 0.1 0.1 0.1 0.0 0.0 0 3.6 0.1 0.3 c.1 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0
% freq o 25 0 16 13 4 12 3 2 o 0 u 3 8 12 2 v n o 0 .0 0 0 o 0 33
All Eiders x 0.0 9.3 8.6 0.0 a.a 0.0 0.1 0.2 1.2 0.0 0.0 14 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
% freg 0 17 15 ° [ 0 4 3 2 o [ 1 o [ 0 0 [ 0 o 0 ° 0 o ° 0 0
All Phalaropes x 0.0 2.6 2.2 Lk 0.2 n1ooeT 5.2 ENS 2.7 0.0 0.2 1.0 0.1 2.9 0.3 0.0 o 0.5 0.6 0.0 0.0 0.3 3.6 0.0 0.0 0.0
% freq [ 8 1% 12 6 15 uz2 19 2t o n 1 13 35 7 [ 15 7 17 [ [ 1k 17 [ (] 0
Stercorarius % 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.1 0.0 0.0 0.1 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.3 0.0 0.0 0.0
‘Pomarinus % freq 0 0 o 8 0 0 0 o 6 o ° 3 o o 3 o 0 0 7 o 0 o 17 o 0 0
Stercorarius x 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.1 0.0 0.0 a1 0.1 0.0 0.1 0.1 6.0 0.1 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.1 0.0
paresiticus % freq ° [ 0 0 0 0 0 12 0 0 8 3 0 3 3 o 8 o o 0 13 Q [ ° 17 o
Stercorarius x 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.¢ 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0,2 0.0 0.0 0.0 0.0 0.0
Longfcaudus % freq 0 0 0 0 o 0 o © 1 o 0 a 3 0 ° 0 0 0 o 8 o 13 a o 0 o o
ALY Stercorarius x 0.0 0.0 0.3 0.1 0.1 0.0 0.0 0.3 w1 el a.0 00 6.2 0.0 0.1 0.1 0.0 0.1 0.0 0.1 0.3 0.2 0.0 0.3 0.0 0.1 0.0
% freq o ° 8 2 17 o o 12 6 .8 10 o 3 0 8 0 v2 1 25 o 17 o 17 °
x 0.7 0.6 0.4 0L 0.k 0.5 0.6 0.3 0.3 0.1 0.1 0.3 0.3 0.5 0.1 0.1 0.0 0.0 0.1 a.a a.2 0.0 0.0 0.0 0.0 0.0 0.0
% rreq 50 8 n 20 28 29 21 18 19 12 n 15 a0 12 12 13 0 0 1k ° 1 o 0 0 a a [
x 1.5 0.1 0.1 0.1 0.2 0.3 0.6 1.0 0.6 0.2 0.1 0.3 0.3 0.3 0.3 0.3 0.0 0.2 0.1 0.1 ‘0.2 .5 0.9 0.3 0.9 0.3 0.7
% rreq %0 8 8 6 29 15 21 21 12 1 30 10 25 29 20 o 5 1 17 b 13 ¥3 17 0 17 50
Xemi sabini x 0.0 0.0 0.0 0.3 0.0 0.0 0.1 0.2 0.0 0.0 8.4 0.1 0.0 0.0 0.0 0.1
. . . . . . . . . . . . . 0.0 0.0 0.0 0.0 a.0 0.0
% fre [ 0 b i . 0.0 0.0 0.0 0.0 0.0
q 0 [ 3 0 0 22 i 0 0 9 3 ° 0 0 0 0 0 0 o o ° o
Sterna paradisaea x 0.0 0.3 0.3 0.0 0.0 0.2 1L 9.5 1.0 0.0 8.6 0.0 0.0 0.0 0.7 0.1
P . . . . . . . . . . . . 0.1 0.2 0.0 0.0 0.0 0.0
L, 0 . . 0.0 0.0 0.0 0.0 0.0
reg 8 8 0 o 7 23 24 13 s} 22 0 0 0 6 3 7 8 o [J 0 a [ o 0 0
Uria species x 0.0 0.0 0.0 0.1 0.1 0.2 0.1 0.1 0.1 0.0 0.0 0.1 0.0 0.1 0.0 0.0
. . . . . . . . . . . . 0.0 0.2 0.0 0.0 0.2 0.0
% fre o 0 ° & X W b - 0.9 0.3 0.5 0.0 0.0
q ) 3 1 3 2 3} 1 a L] 0 o 8 1} [+ 14 0 1 17 33 4 Q
Cepphus grylle x 0.0 0.0 0.0 0.0 0.0 6.0 0.0 0.0 0.0 0.0 a.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0
. 0 0 R . . . . 0.0 0.0 0.0 0.3 0.0 0.0 0.0 0.1 0.0
2q o 0 0 ° o 0 0 0 0 0 o 0 7 ° [ 0 0 o 13 0 o 0 17 0
Small aleid x 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.2 0.0 0.0 0.0 0.0 0.1 0.0
. . . . . . . . . . . . 0.0 0.0 0.0 8.0 0.0
% fre [4 0 .0 0 a - 0.0 0.3 0.0 6.0 0.0 0.0
q [ o a 6 [ 0 0 [ [ [ 0 3} [+ o o 0 1 [:} 4] [ o
TOTAL DENSITY x 9.0 4.2 12,8 .7 3.2 14 5.5  17.2 7.5 3.7 175 2.2 5.7 1.0 5.4 1
. . . . R . . . . . . . . .0 0.7 0.7 0.8 1.2 1.0 1 4
% freq 100 L2 62 60 56 [ 6 o [t ; a 2.5 2 9.3 0.8 1.2
69 ki 67 59 56 59 5 2 6 ko 20 8 29 50 43 38 43 33 33 67 100
% transects with ice 50 17 62 28 1 2 1 b ;
1 31 5 31 29 22 33 T 58 i 37 b 46 b= 92 29 50 86 83 33 33 50
15. Densities of birds in relation to di from land in the Beaufort in August 1977.
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Figure 2>, Distribution and abundance of cornorants in southern
19 to 25 April and 30 April

Bering Sea from4 to 17 April,
to 1 My 1977
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LisurluuLlon ana apundaance or cormorants in Bristol Bay from
17 to 19 April 1977.
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Figure 47. Distribution and abundance of Oldsquaws in southern Bering

Sea fromb to 17 April, 19 to 25 Ap