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Abstract

Most of the scabird species nesting in the Bering Sea
are riorth-boreal in origin. Nonnesting migrants, primarily
procetlarids, move into the region in summer. The spatial
distribution of scabirds depends on many factors, including the
location and extent of ice; circulation patiems associated with
the continental shelf; the location of the fishing fleet; and
Processes influcnced by targe-scale gyres. Seasonal movements
of birds are assaciated with the retreat of ice in spring. and are
euided also by topographic features such as the shelf break,
land arcs. and the coastline. Pelagic scabirds arc characterized
by species that search large arcas. feed only near the sea
curtace. and do not dive well. Seabird abundances match
patterns of production in a general way, but severai factors
cloud the clarity of these relationships, especially annual
variability in the timing of movements, and differences in prey
availability. Fronts contribute to the variation in availability by

collecting prey from larger arcas. Foraging conditions depend

an the fine structure of the ocean environment, as well as on

- general oceanic conditions and the ecological character of each

species. Further progress in understanding scabird distribution
depends on accumulation of information from small-scaie
surveys in relation (o the ocean environment,

Résume

| La plupart des espéces d'otscaux marins, qui nichent
dans la mer de Béring, appartiennent a la région polaire boréale,
Les espéces migratrices, qui nichent ailleurs, fréquentent la mer
de Béring pendant I'éié. I s’agit surtout de procellariidés. De

" nombreux facteurs-influent sur la distribution géographique des

oiseaux marins, y compris I'emplacement ¢t |'étendue des
glaces. les schémas de circulation des courants procédant de la
plate-forme continentale, la position des flottilles de péche et
les processus causés par les tourbillons de grande envergure.
Les facteurs gui influent sur les déplacements saisonniers des
oiseaux sont le retrait des glaces au printemps ¢t les éléments du
relief. comme la rupture de penté, les arcs insulaires et la ligne
de cote. Les groupes pélagiques d'oiseaux marins sont
représentés par des especes qui prospectent de vastes regions,
qui s’alimentent exclusivement prés de la surface de 1a mer et
qui sont de mauvais plongeurs. En regle générale, 1'abondance

des oiseaux marins correspond aux schémas de production.

Cependant, plusieurs facteurs affectent la netteté de ces
relations, surtout la variabilité annuelie du moment des
déplacements et les écarts de disponibilité des proies. Les fronts
océaniques accentuent les écarts de disponibilité, en élargissant

le territoire de collecte des proies. Les conditions d‘alimtfr}tution
dépendent de la microstructure du milieu océanigue, de | tat
général de H'océan et du caractore écologique de chague espece.

Pour micux comprendre la répartition des oiseaux marins, il
taut recueillir davantage de données dans des relevés de poriee

restreinte en fonction du milieu océanique.

1. | Introduction

The targest volume of water within the Bering Scu
originates in the Pacific Occan. This water enters the Bering

‘Sea primarily via the Attu Curremt, which flows between the

Aleutian and the Commander istands. Hence the Bering Sea Is
essentially a bay of the Pacific Ocean.

Laysan Albatross Diomedea immutabilis and Mottled
Potrel Preradroma inexpectata regularly occur over the deep-
water basins in summer and fall. Black-footed Albatross
D. nigripes and Leach’s Storm-Petrel Oceanadroma leucorhoa
are most numerous in the southern part of the Bering Sea. Rarc
penetration of Flesh-footed Shearwater Puffinus carneipes and
Pink-footed Shearwater P. creafopus into the Bering Sea i
likely & conseguence of the thermal preferences of those
warm-lemperate species.

Most of the seabird species nesting in the Bering Sea
belong to thé north-boreal complex. Generalizations from data
accumulated during the 1960s concerning pelagic distribution
(Shuntov 1972), as well as more tecently published
information, are described here.

2, The Bering Sea in winter

Although winter is the period of fewest birds in
the Bering Sea, there are still several million individuals
present during that ume (Shuntov 1972), Recent work by
Bogoslovskaya and Votrogov (1981), Kosygin (1985), and
Trukhin and Kosygin (1987) has not only suppiemented our
knowledge of the winter distribution of birds, but has also
contributed greatly to the understanding of migrations of certain

arctic spgcies such as Ross’ Rhodostethia rosea and Ivory
Pagophila eburnea gulls,

Many birds leave the Bering Sea entirel
entirely in the winter, The winter assemblage isyd{;mil:;?:fi b
diving species (alcids, sea ducks, cormorants), by large pull )
and by light-phase Northern Fulmars Fulmarus glariah‘g "
Thermophilic species, particularly those obtaining foudli'n the

“upper layers of the water (e.g., storm-petrels, Kittiwakes, terns

puffins, phalaropes, planktivorous small alcids, and dark-phase



fulmars), are generally absent from the Bering Sea in the winter
(Shuntov 1972).

Large differences in climatic and oceanographic
conditions between the cold near-Asian and warmer
southeastern sectors of the Bering Sea greatly influence the
distribution ot bird species that overwinter in the Bering Sea.
The shelf and contiguous sections of the western Bering Sea
(i.¢., the best feeding grounds) are covered with ice at that time:

this likely is the principal cause of the reduced abundance of
birds. Within the ice, the most common gull species are Ross’,

Ivory, Glaucous Larus hyperboreus, Glaucous-winged

L. glaucescens, and Slaty-backed L. schistisagus gulls.
Although Slaty-backed Gulls do not penetrate north of the
Navarin areg, Ivory Gulls are found far into the solid tee areas.
{ ess abundant species that overwinter at the ice edge and in
open water in the western Bering Sea are fulmars and murres
(Trukhin and Kosygin 1987).

In more northern areas, covered with solid ice. some
birds are found throughout the winter only at polynyas and
leads. For example, there are importunt winlering areas near
St. Lawrence Island and the southern and the castern coasts of
the Chukotskii Peninsula (Fay and Cade 1959; Portenko 1972,
1973; Bogoslovskaya and Votrogov 1981). In general, the
position of the ice edge. as well as the distribution and size of

the fcads. changes with ice motion and drift. However, there are
a fow comparatively stable arcas of thin ice. such as the farge

Sirenikovskaya polynya in the vicinity of the southern coast of
the Chukotskii Peninsutfa, Oldsquaws Clanguda hyemalts and
King Eiders Somateria spectabilis are the most numerous
species in leads beyond the ice edge. although Common Eiders
S. mollissima, Pigeon Guillemots Cepphus colienba, Black
Guitlemots C. grylfe. Glaucous Gulls, Ivory Gulls, Ross” Gulis.
and murres also occur, Although it has been reported thin
Sabine's Gulls Xema sabini are found in teads and polynyis in
winter (Bogoslovskaya and Votrogov 1981: Trukhin and
Kosygin 1987), it is suggested that these reports are efroncous.
these gulls winter at tropical latitudes.

The overwintering of large numbers of Oldsquaws and
eiders i the extreme northern areas of the Bering Sei is quite
remarkable considering that these species feed primarily on
benthic and nectobenthic motuscs, mysids, amphipods.
cchinoderms. and a few species of fish (Ainley and Sanger
1979 Krasnow and Sanger 1982: Sanger and Robert 1984),

Although low numbers of Ross” Gulls have been
observed in the Northern Atlantic during winter (Zubakin et al.
1988), the majority of individuals overwinter on pack ice in the
western Bering Sca, and the Sea of Okhotsk, Most Ross’ Gulls
reach the Bering Sca through the Bering Strait, starting il the
end of autumn. while at the same time some gulls reach Anidyr
Bay across land (Ostapenko et al. 1983). The spring migration
of Ross’ Gulls differs considerably from the winter dispersal,
According to Portenko (1973), Firsova und Levada (198),
Tomkovich and Sorokin (1983), Gerasimov (1985), Kosygin
(1985), Trukhin and Kosygin (1987, and Kischinskii (1988),
many Ross’ Gulls fly northwest across land from the Bering
Seq to the tundra of Kolyma, Yana, and Indigirka from May to
June. In contrast, few gulls migrate during spring across the
Bering Strait and the Chukchi Sea.

Ivory Gulls are found over ice throughout the entire
Bering Sea. They remain in the northwestem part of the Bering
Sea and near the Bering Straii throughout June (Kosygin 1985
Trukhin and Kosygin {987).

The winter conditions are refatively more favourable in
the southeastern Bering Sea (Fig. 1). During the sccond haif of

Flgure § | . | |
Average dunsities of seabirds in the Bering Sea duritg wanter (1960k Averige
data). The dotted line indicates the 200-m wobath; the sohid line indicates the
1000-m isobath. Density indices are as follows: 1= none, 2 Jes than Sk’

1= S 0/h&me. 4 = 10-20/&km?, § = 20~ 100/m*, 6 = more than HORm
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winter. the vast castern Bering Sea shelt is covered with g,
whereas in the southeastern sections, a farge arca of shallow
water cither rematns free ol ice or s covered with ouly g thin
tayer of ice. - ,
Almost all of the waters bounded by the Alcutian rdge
dos not Freeze at all, providing diving birds wath accessto the
shallow benthos, The fack of ice and the mistder chimastic and

oceanographic regime of the southeastern Benng Sea provade o

favourable overwintering plice for niithons of birds (Shuntov
1972y, When describing the winter conditions for tirds, st
imperative to mention the abundant schools of fish, notably |
walleye pollock Theraera chalcovramma. capehn Mallon
vitlostes, and Pacilic sand lance Ammodires hewapterie, hvang
in the castern Bering Sca. Severad nuliion topnes obwalleye
potlock wlone reproduce during the winter- spring period
(Bakkala and Alton 19%6: Nichivin ot al. TOR6 Bulatos
1UR7). Young fish of these and other speeics are abundant
throughout the vear. - |

Although Thick-bitled Murres Uris fonmneagr are o
numerous in the southeastern and seuthern Benng Seaon
winter, other species including Northern Falmars,
Glaucous-winged Gulls, and Black-tegped Kitwakes Ko
tridactvi are also abundant. Sea ducks,auirdetsad cormorants
are numerous in the vicinity ot the Aleutian and Commander
istands (Shuntov 1972 Marakov 1977; Gould ctal, 1982,

At times large concentrations of the fishing flect preatly
intfluence the distribution of gutls and fulmars, Fishung Heets
have operated receitly notondy in the southeastern Bering Sca,
in the Navarin ana m the Olutorski - Karagimsko arcas, but also
i the deep-water Aleutian basins. Hundreds of thousandso ot |
gulls and fulmars have been observed feeding on offal near
tishing boats. Such trends have been nated elsewhere
(e.2.. Wah! and Hememann 1979 Vemeer et al 1989),

According to averape data from the 19508 and 19640
(Skuntov 1972y, the winter density of birds over the deepest
pany of the s¢a (0.8 birds/hm'y is at Jeast onc-twelth of the
density observed over shelf and continental slope waters
(10 birds/km). The estimate for the shelt is possibly low
beciuse some Jarge Nocks of birds were notincluded in the
calculations and because surveys were nol rmduclu{l‘iﬁ the
coar tal 2one where a large number of sea ducks overwanter.
Earlier work (Shuntov 1966) indicated an average densiy of
45 birds/km’ in the southeastern Bering Sca and 27 birdwkmy
in Alcutian waters. Based upon occasional derial surveys
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conducted in the 1970s, Gould et al. (1982) thllll:llld densalie
L . R ., .
o 27.7 birds/Am over the shell and 9.1 birds/km™ at the
continental stope, in the southeastern Bering Sed.

1 Spring migratton

The spring movement of hisds begins it lhc‘csul of
March. but the major changes in numbers and species |
COmposition aceur it Apnil and May. .ﬂxllhuugh the timing of
the spring migration is a function of the breeding ::hrmml;:-g}f.
distance between nesting and overwinterning places, and lhl."
paricular ::L'tﬂngiuul features of cach SPRCICY, the nmjjur spring
passage generally oceurs mueh carher than the ‘numlihi\fﬂuruhlc
fecdime time (Shuntov 1972), Despite the rapidity of processes
in the :..prm;_z. Ice retreats slowly from the mirthmwlwli‘. During
this peniod polyovas and feads beyond the edge of 1ce are
espectally important as stopovers for carly migrants
(Bogoslos shava and Votrogov 1981 |

I ~pring, the numbers ol birds inerease severalfold both
on the shicll and in the deep-water area of the Bering Sea. There
s considerable variation in the estimates of total number of
hirds present during this period (e.g.. Shuntov 19720 Hunt et al,
N T Gould et al, 1982). However. common to all of these
papers is the observation that the density of birds over the shell
1 approvnttedy five times that found over deeper water,
implying that the main migration routes take place over the
el amd in coastal arcas, Spring migrations have been best
observed in the castern Bering Sea (Shuntov 1972; Hunt et al.
FOS T Gould et al, TURDY). The directions of migratory passige
~are determined i part by the Tact that a large number ol birds
overwinter in the northeastern Pacitic. by the configuration of
the coastline and shell, and by the location of isfands. Birds
cnter the Bering Sea through passes in the castern Aleutians,
then trave! northeast W interior parts of Bristol Bay or directly
north. At the beginning of spring, when tee stitl occupies
significant part of Bristol Bay, migratory passage can be
ohserved along the ice edee in a contrary divection (i.e.. o the
southwest by birds (espectally muarresy that apparentls
overw titered i southern Bristol Bay, However, there 15 1n
peneral i shift of birds to the northwest as they return 1o the
huge colonies on the Pribilof, St Matthew. St Lawrence, and
Dhomede isTands,

o the western Bering Sea the main migralory route i
spong 1s towards the northeast, toltlowing the configuration of
the coast and the shelt cTrukhim and Kosygin 1987). The ratio
of castern to western population size may be indicative ol the
nutrbers of birds that migrate through the western and castern
paris of the Bening Sca. The aumber of breeding bivds i the
castern Bering Sca with the exception of the Aleutian [slands,
may be as hagh as 20,3 million (Sowls et al, 1978; Hunt et al.
198 1 b No more thans three mithon birds have been tallied in
the western Bering Sca with the exception of the Commander
[<bands (Vehzhamn 1978 Vyatkin (Y86: Smumov and
Velizbanin 1986).

~ Intensive ohservations conducted at sea during SPrisig in
the tiest hall of the 19060s and in the 1970s covered most of the
southeastertt Bering Sea. Results from both survey periods
ndrcate that dense concentrations of birds occur along the outer
part of the shell and she continental slope, and also along the
MO-m asobath in the interior part of Bristol Bay (Fig. 2). More
shearwaters were observed in spring during the carly 19605
thin during the 1970s, when mass aggregations did not setie in
until June. In the early 1960s shearwaters were found in the -
castern Bering Sea as carly as the end of April, and by mid-May

Tgure 2 o o N
:‘\Sﬂ'rﬂge densities of scabirds in the Bering Sea during spring (19060s average
datay. See Figure 1 for density codes.
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aggregations of thousands of shearwaiers Were f{.)llﬁd in Bristol
Bav (Shuntov 1961). The climate during this period was
not'ulaly colder than normal for the castern Bering Sca (Khen
1989). |
"~ The arrival of large numbers of shearwaters in lhg |
Bering Sca compensates for the decline in Jocal nesting birds 1n
open-water regions. Shearwaters do not oceur in Jarge concen-
lrations in the western Bering Sea, where the ice retreats more
slowly. although they do penetrate to Anadyr Bay during Muay.
During spring migration the shetf and deep-water
regions relain their ditferences in species, In the deep-water
regions, in addition to the species characteristic of these waters
(primarily dark-phase fulmars, storm-petrels, and Black-legged
and Red-legped R. brevirostris kitliwakes), a spring increase
oceurs in some species (especially auklets) that usuatly remain
on the shelf or even near the coast, These species cross the
deep-water areti, migrating directly from their wintering area in
the vicinity of the Commander and Aleutian tslands,

4, Summer and fall

Patterns of the spatial distribution of birds in the Bering
Sea have resulted mostly [rom observations conducted during
summer and fail. The best coverage (in the 1960s) occurred in
walers over the northern shelf and the continental slope of the
central Bering Sea (Fig. 3). During the 1970s, most efforts
concentrated over the shelf and shelf break in the eastern Bering
sci (Hunt et al, 1981a; Goutd ct al. 1982). During the 1960s
few fall observations were made cast of the longitude of the
Pribilof Istands (Fig. 4), whereas many observations were made
there in the 1970s (Hunt et al. 1981a: Gould et al. 1982), Thus a
comparatively complete picture of seabird distribution in the
southeastern Bering Sca is available for summer and fall.

In comparing data between years one cannot fail to
notice stable arcas of high and low concentrations of birds,
cfs;miull}f considering the annual variations in scabird numbers,
The conhiguration of these arcas apparently corresponds with
patterns of water circulation, the locations of water masses of
ditferent structure, oceanic fronts, and the distribution of
productive zones. - |

The circulatory scheme of the Bering Sca consists of &
system of large, rotating formations (Khen 1989: Markina and
Khen 1990). Three distinet cyclonic macro-gyres are located in
ljlc dqcp:wmur part of the sea, and a smaller-scale anti-cyclonic
‘ﬂi}’[ Eiloyid to ,{hc-mt".h of Cape Navarin. A large anti-cyclonic

JTC Occupies most of the shelf between St. Lawrence Island and
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Figure 3

Average densities of seabirds in the Bering Sca during summer (1960 gveragy
datin). The dotted line indicates the 200-m isobath; the sobid Bire indicates the
FODO-m isobath, Artows hhu“ generil current patterns, Density indices are as
follows: 1 = less than ‘ifk:n*. 2 = 5-{0/&m*, 3= 10- 20/km*, 4 = M- 1O,
§ = more than 100&m*.
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St. Matthew Island, and o smatler-scale cvelonic gyre is located
to the cast of the Pribilof islunds. Figures 3 and 4 demonstrate
that bird density s lower inside than outside of the boundaries
of ull of the macro-gyres: and in addition that the density av a
rufe ts low outside the boundaries of gyres focated iri the
deep-water part of the sca, All o the stable arcas of higher
concentration mentioned above are located cither at the
periphery or outstde of the boundaries of macro-gyres, namely
in the vicinity of islands, along the continental slope, and at the
periphery of coastal currents,

Data cotlected in the 19708 (Hunt ¢t al. 19%8 T Grould
et al. 1982) show that the quantifative bird distributton n tall
reseibles that of summer. During fall, higher densities of birds

oceur along the continental slope and the outer part of the shelf,

as well as locally in northern parts of the shell. Durning tall, o
steep reduction in numbers of birds in Bristol Bay resulls
largely from the departure of shearwaters. The fali distribution
and density of birds are also greatly influenced by the south.
ward migration, which generally follows the configuration of
the coastline and shelf (i.e., movements to the southwestin the
western Bering Seat and to the southeast in the cast). The
densities of birds found over the shelf in summer average
seven- o 10-fold higher than over the deep-wates basin, and
fourfold higher in fall (Shuntov 1972; Hunt et al, 1981a: Gould
et al, 1982),

Two large areas that contain the lowest biomass are
evident in the guantitative distribution of phytoplankion in the
Bering Sca, based on multi-year averages (Markina and Khen

19900). Both areas correspond to the iocitions of large-scale
gyres, one occupying nearly all of the deep-water part ot the
sed, the other occupying the central region of the northeastern

shelf, The arcas containing farger amounts of phytoplankton are

located along the perimeter of the sea (i.c., along the coast and
the interior part of the shelt, and along the ridge of the
Commander and Aleutian islands bordering the sea). These
areas form a “bridge” of high phytoplankton biomass between
the Navarin region and the castern part of the Aleutian Islands.
This bridge divides two vast arcas of large-scale gyres
impoverished of phytoplankton, The existence of the bridge
corresponds well to the concept concerning the circulatory
structure of the central Bering Sea at the shelf break. The

Figure 4

Average densities of séabirdyon the Beeng Sea durany tall 7190805 détape )
Dat on the western Bering Sea, obtaned 1 1980 1¢ abwrandaded, See
Figare 3 for density code, |

P . ) . \ .
.

. e ’
. . - .
» }"1’ -
'1.-"‘.:"'
'l' ¢ . i
r- .'r.."-'l
. A | \
“.If i-. ,,‘ | .t . .
Pon o Fide j
° ' : + H + ' *
" ) A A . T "
”'A-"""._{ T ( >
o :It” A ’ . 'h"' %
] , , ! \[( . y ‘Q? P'; - -, .
i Pooo . ) ' ‘tu 8§ ® + &
! l' ."’j ' ) & . .4'1:‘ . J
oA e ‘ L A v p
B AL V Ta
I 1 i_} . j ' * ““
(e T e
. .

complex rehiet of the conhinentad slope perturbs the current,
forming cross-wave osallations, meanders, and cddies. Aseent
and mrsang of waters fronr o great depth catsed by those
Jisturbances promote, and are the proncipal prescguisites o
the tormation of productive arcas above the continental slope
atd the outer part of the shett EMarkima and Khen 19005
Viulti-vear averaces of the distsibation ol zoonplanktop restal
v e vast arcas of a tow productivity s one in the deep waer
bastn, and the atheran the northern part of the sca shiedt benween
St Lawrence Ishand and St Matthew INland.

The basie correspomndence ot the quantitative distorbyg

Lion of birds with oceanographic and brological conditions has o

penerad character. Even i the deep water parts of the sea. there
are enormous quantibies o plankton, small fish, and sgqud This
apparent conteadiction isaresult ol the spahat and volumctne
magntude of the cone. Forinstanve, cooplankion continped an
epipelagic waters of the Russaan coononire zone in the western

Bermg Scit i been estitated at 933 mithon tonnes, ol tha,

the shelt and contindantal sTope contam 41 nuihon tonges,
whereas waiters of the deep-water area continn 8310 mflion

Stonnes, Theretfore sis highhy unliheby to be comadental that a

significint porbion of the adults of the most weadespread tish
sprectes (walleve pollock y migiate tor Bitteming not 1o the chedt
but to the deep-water arca of the Be rig Sl (Shuntov et al.
[O8K; Sobolevskiy ctal, 198,

As atready noted, some bind species e |!n‘ulu| ;!.H'|'~. 0’
completely to the deep-water part of the Bermg Sca These e
the athatrosses, storm-petrels, Mottied Pevrels dark phase

fulmars, and Red-legecd Kutiaakes, A few of these (Fork

tited Storm-Petres Oceanodroma forcara, Red e pcd

Koattiswakes, and daek - phase Tolmarss form dense agperepations i

the shelt break. bat most brrds do oot reach the inner sheld

Only Light-phase Tulmars nestoin colomes nean the
northern Bering Sea shelft About a dozen pres iousdy unkaow .
cotomes were discovered on the Chukoiskag I"cmmul.; in the
1980 (Bogoslavskaya and Konvukhov 19885 Dark - phase
fulmars were not recorded in the rorthern Bering Sca dirmyg
ohservations made dunng the 19608 (Shuntov 1972, whereas
they constituted between S and 109 of the total pumber ol birdy
obscrved in Anadyr Bay in September 1986 (Shuntov 1UKX
The northern expansion of these dark-phase tuimars s most
likely linked to chmatic ¢ huny:u and warmmg 1 the 19705 vl
[980s.
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Common to those species of birds that prefer oceanic
waters is a limited diving ability, forcing them to obtain !!‘lﬁll‘ |
food in the surface waters. Because of the low concentrations of
prey. these bird species must forage over large areas.

| S Species assemblages, biomass, and productivity

Three groups of specics—a neritic group found over

. shallow waters. an offshore group above the outer shelf, and an

14

oceanic group in deep-water arcas beyond the shelf—were

“described by Shuntov (1972). Shuntov (19838a) observed that in

the western Bering Sea during fall, nondiving birds that obtain
food from the sea surface made up approximately .15_30% of
the total over the shelf, 35-60% over the continental slope, and

80-85% over the deep-water arcas. These trends in the

distribution of marine birds have also been documented for the
eastern Bering Sea by Schneider and Hunt (1982) und
Schreider et al. (1986). Diving murres (in spring) and
shearwaters foraging in the upper layer (in surmer)
predominate over the inner shelt. Nondivers such as fulmars,
kittiwakes. and storm-petrels predominate over the outer shei,
where they feed mostly on squid, medusae, hyperiids, and some
fish. | | |

In general, data on biological productivity do not
correlate well with seabird distribution. This is readily
demonstrated. for example, by comparing the Bering Sea with
the Sea of Okhotsk. In genceral, the total volume of plankton and

‘the productivities of these seas are quite similar, The amount of

plankton is roughly 1.5 times greater per unit arca in the Sea of
Okhotsk than in the Bering Sea (Volkov and Chuchukalo 1985:
Markina 19%6), In contrast. however, biomass and productivity
of the highest trophic levels (¢.g.. fish and squid) per umt area
are considerably higher in the Bering Sea than in the Sea of
Okhotsk. Biomass is 19.3 and 16.8 t/km” respectively, whereas

‘productivity ts 12,3 and 8.8 t/kr’ respectively (Shuntov 1987,

1988h). This suggests that high trophic level animatls are
utilizing energy far more effectively in the Bering Sea than n
the Sea of Okhotsk, -

A similar result emerges when comparing the western

“with the eastern parts of the Bering Sea. Muiti-year averages of

the biomass and productivity of zooplankton per unit arca are
approximately 1.5 times greater in the western Bering Sca than
in the castern (Markina and Khen 1990). Biomass of benthos
per unit arca in the southeastern shelf arca is the lowest of all
of the Bering Sca (Neiman 1963). In contrast, biomass of fish
and some species of nektonic tnvertebrates is several times
greater in the eastern Bering Sea; this ts most tikely a result of a
milder occanographic regime.

- August in the Anadyr Bay and the Bering Strait
corresponds phenologically to June in the southeastern Bering
Sea. Thus, when zooplankton biomass is already decreasing in
the south, the maximum is reached in the north. Some species
of pelagic birds drift north, presumably following these changes
in zooplankton biomass (Shuntov 1972). In the second half of
the summer, as some shecarwaters and phalaropes begin their
migration south, other shearwaters and Fork-tailed Storm-
Petrels increase in the northern half of the sea. By August the
numbers of shearwaters have declined markedly in Bristol Bay
and contiguous waters of the southeastern shallows, from the
vast numbers present during the early summer (Bartonek and
Gibson 1972). Large aggregations of Fork-tailed Storm-Petrels
are not found north of the continental slope and contiguous

~ areas of the outer shelf, whereas high numbers of shearwaters

penetrate as far north as the Chukchi Sea. It has been considered

nondiving species, only light-ph

that only Short-tailed Shearwaters Puffinus r.enuimsrrr'.i occur in
the northern Bering Sea. Although this species cliogs o

redominate, Jow numbers of Sooty Sh.earwatersi . griseus do
ecur i hern Bering Sea (Harrison 1979; Shuntov

lgsgd)‘Sheurwaters, murres, and au.klets predominate In X
summer and fall over the entire Bering Sea shelf, Among the
ase fulmars, Bla;k-legged
Kittiwakes, and phalaropes reach high densities 1n l(?Cfll areas,

Figures Sa—3d demonstrate no clear.rqlanonh.h.lps
between birds and the biomass and productivity 0? either
plankton or fish, although there is a we'ak correlation l')ctwcen‘
herbivorous zooplankton levels and avian density. This suggests
that numerical concentrations of birqs depend on prey |
availability, which is in part determined by local pul}crpa of
circulation and by the structure of the water mass. Similar |
trends have been observed in the castern Bering Sea (Schneider
1982+ Kinder et al. 1983; Schneider et al, 1987).

Secondary occanic fronts, formed at the boundary
between coastal isothermal waters and siratified waters qf the
middle shelf. are also important in-the formation of seabird
aggregations. Such frontal formations 'u} the Bering Sea are
oriented approximately along the $(-m isobath. Mgrres aqd
shearwaters are most abundant along this front during spring
in the castern Bering Sea. Prey at these fronts are primarily
cuphausiids, obtainable onty by diving (Schneider and Hunt
1982 Schneider et al. 1986), Apparently, the same frontal
sones Torm at similar depths locally along the inner perimeter of
Anadyr Bay. Specifically, in the areas located along the coast of
Chukotskii Peninsuta and in the western part of Anadyr Bay.
where euphausiids form the major part of macroplankton, large
accumulations of shearwaters are found during the second half
of the year (Shuntov et al, [98R),

Secondary fronts around islands appear to have the same
origin: i.c., they form between coastal isothermal waters and
stratiticd offshore waters. For instance, a front of this kind
forms along the 50-70-m isobaths in the vicinity of the Pribilof
Istands (Kinder et al. 1983: Schneider et al. 1990). The
existence of this front creates favourable foraging conditions tor
murres, but apparently other factors are involved in determining
the distribution of prey and of birds. For example, there are no
marked increases in fulmars or auklets at the front near the
Pribilof Istands. The composition of food differs strongly
within bird specics that nest on the two main Pribilof Istands,
St. George and St Paul. Walleye pollock are the dominant prey
of birds-nesting on 8t. Paul Island, whereas euphausiids are
most frequently taken by bitds from St. George Island
(Schneider and Hunt 1984). This suggests that the factors that
influence the formation of food aggregations differ between
1slands,

Another frontal zone in the northern shelf area is located
atong the 100-m isobath. It is formied as a result of an
interaction between warm waters of the central Bering Sea
continental slope current and the cold waters of the stagnant
zone, Incale‘d between the 50-m and 100-m isobaths (Khen
1989; Markina and Khen 1990), However, this front has less of
an influence on the quantitative distribution of birds than the
{ront at the shelf break (Schneider 1982; Schneider ct al. 1987).

It Is clear that the existence of the boundary between
waters of the continental slope and the shelf edge results in
increased numbersf of birds (Gould et al, 1982: Schneider and
Hunt 1982; Schneider et al. 1987). As shown in Figures 3
and 4, the zone of elevated bird density closely follows the

B

- continental slope throughout the central part of the sea. As




Figure 8 ,

Quantity of birds (birds/km®) and biomass (tonnes/km?) of macroplankton

(a) and pelagic fish (b), seasonal productivity (tonnes/km®) of herbivorous
zoopiankton (c) and pelagic fish (d) in the westem Bering Sea in autumn in
1986. Birds are shown on the ordinate, plankton and fish arc shown on the
abscissa. Numbers, beside each dot, refer to the following arcas: 1. Bering
Strait; 2. Western Anadyr Bay; 3. Central Anudyr Bay: 4. Eastern Anadyr Bay,
§. Southeastern Navarinsklii area; 6. [nner shelf of the Olutorski-Nuvarin ares;

7. Shelf edge and continental slope of the Olutorski-Navarin area; 8. Deep-water
basin of the Olutorski-Navarin arca; 9. Shell edge and continental slope of the
Olutorskii Bay: 10. Inner shelf of the Karaginskii und the Obutorskii areas;

t1. Shelf edge and continental slope of Karaginskii Bay; [2, Commander Baxsins

(Shuntov 19884a).

30

mentioned above, the increased productivity in these waters
may be explained by a highly dynamic circulation caused by
disturbances in the flow field under the influence of the
complex bottom relief of the shelf break. Apparently. a band of
productive waters formed at the shelf break converges locally
into a frontal zone along the 100-m isobath; this in tum ;s
reflected by the quantitative distribution of birds. The species
that obtain food at the sea surface (i.c., fulmars, Fork-tailed
Storm-Petrels, and gulls) form the major part of avian popula-
tions in the areas of the shelf edge and the continental slope.

In generul, the mechanisms controlling the formation of
high densities of plankton and other aquatic life have been
insufficiently studied. However, it is known that plankton
accumulate in convergences, local fronts, and eddies. Stable
formations of conditions favouring high prey densities can be
expected where circulation structures are caused by orographic
effects. The Navarin area is one such place; high productivity of
waters in this area is caused in part by a highly dynamic circula-
tion that maintains a supply of nutrients to the photosynthetic
zone, and in part by plankton accumulations in the area of the

30~
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stable anti-cvelonic gyres and i the area where the Navann
Current moves ondo the shelt ikhen 1989 Markina and Khen
(990, Likely in response 1o the dbove, large aggregations of
planktivorous walleye pollock remiiin vear-round i the
Navarin arca. In tact, one of the highest tish densibies in the,
Bering Sea occurs in this area (Shuntov et al. 198%). [n summer.
and fall, large numbers of birds, especrally shearwaters,
accumulate 1n the shelf and shelf-break arcas in the Navan
region (Figs. 3and 41, [n contrast, beyond the shett, numbers
and overall density of hirds decrease. In the zane of the
anti-cyclonic gyre, elevated densities of Tulmars and Fork-taided

- Storm-Perrels are observed locatly, largeiy duc to the

year-round presence of the fishing feet on the shelt and at the
shelf break in the vicinity of Cape Navann.
Birds feeding on the sea surface also use other

methody of obtaining prey that are not available under usual
circumstances. Gulls and other species are frequently found
near grey whales Eschrichtius robustus that feed at shallow
depths in the northern Bering Sea (Harrison 1979). The more or
less continual accompuniment of birds 1s most likely because of
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the many henthic animals and their fragments that are brought
to the surtace by the whales (Obst and Hunt 1990), During the
summer there may be as niany as 15 000 grey whales in the
northern Bering Sca: their activity likely represents en
important, alternate source of food for many birds.

Flocks of surtace-feeding species frequently form
wempaorary aggregations with diving species. Such aggrepations
teeding together have been described. tor instance, in the

vicinity of St. Matthew and St. George islands (Hunt et al,

1948: Schneider et al. 1990), Diving specics such as murres,
pursuing prey many metres below the surface, will often drive
the prey animals to the surface, where they become accessibie
to kittiwakes, fulmars, and phalaropes,

Except for some avian species that feed mostly on
benthos. most seabirds in the Bering Sea feed upon abundant
planktivorous fish (young wallteye pollock, capelin, sand lance,
herrings) and/or crustaceans (cuphausiids, amphipods,
copepods. and others) and/or squid (Ogi and Tsu)ita 1973:
Ainley and Sanger 1979; Schneider and Hunt 1984). Indicative
of how enormous these stocks are, between 10 and 20 militon
shearwaters migrate cach year from the southern hemisphere 1o
the Bering Sca to exploit the abundant prey. However, the
highlv dynamic distribution and abundance of birds, even

within a season. suggest that the richness and availability of

prey do not always remain high,

As emphasized throughout this paper. the actual
foraging conditions depend to a large degree not only on the
general oceanic background and the specitic bology of cach
species, but also on the fine-scule oceanographic features. The
study of seabird ccology in this sense has just begun. large-
scale surveys that are carrently practised are inefiective, even il
they are of a sophisticated design. Further progress in the study
of patterns in scabird distabution and formation of aggregations

will largely depend on the results of detailed field tests and

st l-scale survevs. In order for future studies to successtully
determine the mechanisms responsibie Tor the observed patterns
of seabird and prey distribution. a maltidisciplinary approach
must be adopted.
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