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. A comparison of seabird diets and
. foraging distribution around the
' Pribilof Islands, Alaska

1. Abstract

We compared the diet and foraging distribution of
five species of seabirds nesting at the two largest Pribilof
Islands, which differ in the distribution of water masses
around each island, We report signiticant asymmetry in the
distribution of birds on the water around the islands. We
also report significant differences in diet between members
of the same species on the two islands, which are less than
100 km apart. In most cases, ditterences in volume of prey
per bird were due to ditferences in the proportion of birds
taking a prey, rather than due to differences in volume or
number of prey per successful bird. 'The Walleye Pollock
(Theragra chalcogramma) was taken by a higher propottion of
birds on St. Paul than on 8t, George. A higher proportion
of euphausiids was taken by birds on St. George than on
St, Paul, The diets of breeding seabirds depended on the
location of a colony in a physically heterogeneous ocean.

2, Résumé

Nous avons compar¢ le régime alimentaire et
répartition des aires d'alimentation de cing especes
d'viseaux de mer nichant dans les deux plus grandesy iles
Pribilof dont la distribution des masses d’eau entourant
chaque tle différe. 1l existe une importante asymeétrie dans la
distribution des oiseaux posés sur F;illl autour des iles, Nous
signalons également Pexistence de profondes dittérences
dans le régime alimentaire de certains membres de luméme
espéce nichant dans les deux tles distantes de moins de
100 km. Dans la plupart des cas, les différences dans le
volume de la proie par oisea sont attribuables i des
différences dans la proportion d'oiseaux qui capturent une
proie plutot qu'a des différences dans le volume ou e
nombre de proies par oiseau opportuniste. La morue du
Pacifique occidental (Theragra chalcogramma) £3t capturce
par une plus forte proportion d'oiseaux sur Iile St Paul,
Toutefois, les euphausiidés sont capturés en plus grand
nombre sur I'tle St. George. Durant la saison de reproduc-
tion, les régimes alimentaires des oiseaux sont tributaires de
la dlispersion d'une colonie dans un océan physiquement
hétérogene.

| 3. Introduction

During the breeding season most seabirds must find

% food in limited areas around breeding colonies, and must

bring food back to colonies at sufficiently short intervals to

1 support adequate growth of chicks. Previous studies of the
diets of bre‘:é

ing seabirds have shown that the species at any

by David Schneider and George L. Hunt, Jr.
Ecology and Evolutionary Biology, University of California,
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one colony differ in prev selection, with somewhat grester
differentiation of diets among species at tropical colonies
(Ashmole 1968) than among species at higher Liotude
colonies (Pearson 1968, Hunt efaf. 1980). Ditterences in diet
have been attributed to foraging technigue (Bedard 1969)
and to interspecific variation in toraging range (Prarson
1968, Prince 1980, Croxall and Prince 1480). Phere have
been few attempts to refate seabird diets to biologically
significant features of the waters around colotues, although
some comparisons of diet have been made tor non-breedmg
birds at ditterent focations (Hartley and Fisher 1936, Brad-
street 1OR0), o :

We here compare the foraging distribution and diets
of seahirds at the two largest Pribilot Islands, which are
strtounded by water masses that difter in ecologicath
signifivant wavs, We describe the physical and biologieal
environment, with an emphasis on those tactors most likels
to attect tood distribution and toragimg betiviour. We then
show that significant ditferences i diet existat i seale of fess
than 100 km, despite Large variationin volume. number,
andd tvpes of prev taken by individual birds. We show thid
dietary heterogeneity between the two istands is due per-
marily o individual variation i the tvpe of pres tiken,
rather than vatiation in the amount ot cach pres
taker. Finallv, we discuss onr resulis i ight of recent
oceanographic studies in the southeast Berng Sea,

4, Physical and biological setting

The Pribilof Iskinds. located at the edge of arelative
Iy wide continental shelt, are solated trom the nearest Lind
by 330 ki ot open ocean (Fig. D. St George s the hugher of
the two large islands, with achtt area of 3.5 ko™ adong it
perimeter (Hickey and Craighead 1977, N1 Pautislower
and has a cliff area of 0.5 km* along its peruneter. St Paulis
located 100 km from the shelf break. whereas SUGeorge is
only 28 km trom the shelf break. Associated with the shovies
distance to the shelt break is a steeper gradient in baths-
metry around St George. As a result of ditterences m
hathvmetry and location, the islands diter in two oceano-
gl"ill‘,l}li(.' features: distance to a water mass boundary (imner
front) associated with the S0-m isobath, and distance to
another front at the shelf break.

During the summer, a vertically homogeneous wader
mass forms around both islands (Kinder ¢ al. i press). A
thermocline forms in water deeper than about 50 m. but. -
fails to form in shallower water because wind mixing
reaches to a depth of 30 m, while tidal torees sur water
upwards to 20 m off the bottom. Because mxing occurs
down to the bottom, rather than just to a thermochine at



about 30 m, heating of surface water occurs more slowly in
the homogeneous water mass around the island than in the
stratified water offshore. Because of local bathymetry this

“water mass extends farther to the northeast than to the
southwest of St. Paul, and it extends tarther outward from
St. Paul than from St, George. ‘The front that marks the

wansition from stratified to well-mixed water around the
islands is relatively sharp (Kinder et al., iu press). Enhanced
vertical mixing occurs at similar fronts in other continental
seas (Swallow ef af. 1981, Simpson and Pingree 1978),

The two islands also differ in their proximity to a
northwestward flowing boundary current at the shelt edge.
'This current is weak relative to other boundary currents
(Kinder and Coachman 1978), but like other shelf-break
currents at similar latitudes, this current is associated with a

permanent front thie marks the transition from shelf waters
(less haline, greater seasonal variation in temperature)

to oceanic waters (more haline, less seasonal variation in
temperature). This front shelf break begins at the 170-m
isobath (Fig. 1). | :

A third front lies shoreward of the shelf-break front
cast of the Pribilof Istands. This front is associated with the
1 00-m isobath (Coachman and Charnell 1979) and it marks
the transition from i two-laver svstem over the mid-shel{
rone. 1o a three-laver svstem over the outer shelf zone. This
front has not been delineated from hydrographic data near
the Pribilofs, but from bathymetric considerations, coastal
(<59 m) and nuddle shelt (50—100 ) waters can be ex-
pected o the north of St Paul Island (Fig. 1), Outer shielf

“waters (100-170 1) are limited 10 the area southeast and
-~ southwest ot St. George Island (Iverson et al. 1979).
' Little s known about the distribution of plankton
and nekton in the immediate vicinaty of the two islands.
Studdies of zooplankton (Motoda and Minoda 1974) and
Juvenile poliock (Smith 1981) suggest that higher standing
stocks of these groups occur on the outer shelf (greater than
10G-m depth) and hence are most abundant to the south-
west of the Pribilof Islands. "'The outer shelf in the Bering
Sea 1s dommated by a pelagic food web, whereas the middle
shelt (roughly 50 to 100-m depth) is dominated by & benthic
food web (Everson et el 1979, Schneider and Hunt 1982). It
Is thus likely that food available to birds is different around
the two istands. because coastal or nuddle shell waters
extend north and northeast ot St. Paul, wheteas outer shelf
Figure 1

Locanon of Pribilof slands in the southeastern Bering Sea. St Paul Esland
is to the north, and St George Island is to the south |
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waters cover much of the area to the south and southeast of
St. George (Fig. 1).

5. Methods

5.1. Data collection k

Bird counts were made around the Pribilof Islands

on cruises in july 1977, May 1978, August 1978, and
September 1978, All bird counts were made while the ship

was underway at speeds ranging from 10 to 20 km/h. All

sitting birds in a sector extending to 300 m directly abeam of

the vessel off the side with the best visibility were recorded
during 10-min watches. Counts were standardized by ex-
cluding ship-following birds, and by dividing the count by
the area scanned during each watch, Counts were made
almost continuously during daylight hours, except during
periods of fog. Cruise tracks were oriented along radii
extending outward from both islands. For this analysis, only
birds on the water were counted, as they were either
observed to be feeding or were assumed to have been

feeding recently in the area where they were seen.
Food samples were obtained from birds that were
shot while they were returning to the island from sea, Birds

‘were collected from a skitt within 2 km of land, or at points

of land crossed by returning birds, Collections were made
every 2—4 days. Collections were made throughout the day,
but the majority of birds (60%) were collected during the
4-h period before noon, local time, Most of the collecting
was donie in June, July, and August 1975~78 (Table 1).
Ethanol (70-80%) was injected down the esophagus to
arrest digestion. Most carcasses were opened within 12 h of
collection. All food in the proventriculus, gular pouch, and
stomach was removed and placed in a plastic bag in 80%
ethanol.

Samples were sorted in the laboratory by identitying
each item to the lowest taxon possible, then recording
displacement volume for each taxon. The number of items
per taxon was estimated by counting identifiable parts
(heads, eyes, beaks, or tails) and dividing by the number of
such parts in an intact organism. This measure is a standing
stock estimate, rather than a rate measurement (ingestion
per unit time), |

5.2, Data analyses

Analyses were confined to the five piscivorous bird
species for which a statistically adequate sample was avail-
able on both istands. Only two stomachs were available for
Red-faced Cormorants from St. George, so regurgitations
were used in the analysis. A preliminary comparison of
cormorant stomach and regurgitation samples collected on
St. Paul Island, where our sample of stomachs was larger,
showed that prey composition (% occurrence) did not difter
significantly between the two methods of collection. Stoms-
ach samples were analysed for the four remaining species.
Samples were pooled to provide adequate replication.

We designed statistical analyses to control problems
that arose: differential digestion of prey taxa and the effects
of high individual variation in diets when comparing the
average numbers or volumes of prey in two or more groups,

. The problem of differential digestion in analysing
diets was controlled by making statistical comparisons within
prey categories. The variance due to differential digestion
among prey taxa is thus eliminated from the analysis, which
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assumes only that digestion rates of any given prey are equal
on the two islands. Two-sample ANOVAS were made on
prey number and prey volume per bird, for any prey taxon
that accounted for more than 5% of the number or volume
of prey taken by St. Paul birds or by St. George birds.

If the average number or volume of prey per bird
differed significantly between 5t. Paut and St. George, the
analysis was carried further to see if the variation was due to
differences in the proportion of birds taking a prey (percent
occurrence of a prey taxon in the sample of birds) or
whethet the variation was due to differences in number or
volume of prey taken by successful birds. G-tests (Sokal and
Rohlf 1969) were used to test for differences in proportion
(i.e. differences in % occurrence). Two-sample ANOVAS
were used to test for ditferences in number or volume of «
taxa per capture (i.e. birds without the prey taxa were
excluded from the analysis). No test was pertormed if the

e

Table 1
Food sumples collected at the Pribilof Tshands, 147578 :
St. Paul Island $t. George Island
Species 1975 1972__}9';1 1978 19_76 1977 1978
Red-faced Cormorant
{(regurgations)
June I ) 1
July 14 |t} 7 4 1 {7 N
Angust |7 i ! I
September - 1I . _ ) |
| otals 41 3y 7 1 Ny QY {¢)
Black-legged Kittiwake
{stomachs)
April 3
May 1 4 1 I
June 3 I P 2 g
Judy 16 13 16 3 J ) 0
Augus I 3 { 1l | I
Seplember ) _ I
Stomachs with Food R 13 37 7l S W X
Stomachs examined 27 21 48 ) § o6 it
Red-legged Kittiwake
{(stomachs)
April N
May l 0 I |
June | l ¢ I I
July l 7 YL O 4 |
August p 2 I
Neptember Ry 3 ~
Stomachs with Food A TV BN L N I U
Stotriachs examined g % 40 4 | SN Ob
Commion Murre
(stomachs)
Aprit |
Miny i
fune 5 A g 1
fuly () 14 I 29
" August l A t | I
< Septembey 6 | I
R L AU
Stonichs with food e 12 M | 3
s Stomachs examined 3 2 43 86 L S
v Thick-billed Murre
(stomachs)
A May 1
5 June t) | N 12 1Y
# july 5 &5 3 15 T R K
& August 18 12 I
i3 September I

7 Stomachs with food 16 { 2.4 y7 | ) 4
9 Momachs examined QY 15

1% 25 | 36 7

samnple size was zero for an island (no instances of capture).
Criterion levels were set at a conservative level (£ =0.01)
since a furge number of tests were performed. If two
samples were heteroscedastic (had unequal variances at

P =01.01), a non-pooled estimate of variance was used.

We divided the area around the istands into circume |
ferential zones set-at 20 km., 60 km, and 110 km from the
islands (Fig. 2). Distances correspond roughty 1o major
hathymetric features (50-m isobath, 100-m isobath, shelt
break) that govern mixing regime and water mass distribu-
tion, If water rmasses are important, then the distribution
of birds between these zones will be asvmmetrical, Asvinme-
tries in bird distribution were tested by comparing corre-
sponding zones in the northeast and southwest (shelf-break)
sices ot the study area (Fig. 2). |

6.  Results
6.1.  Colony composition
St. George Iskand has seven times the cit area £ St

Paul Island (Hickey and Craighead 1977). Populinon sizes
of cliti-nesting species deviated strongly fromn thas rano.

- St. George harboured a disproportionate mumber of “pelag-

ic” species, which have long Hlight range<and which tend w
be found i a few large colonies near deep water (Hunt of al
198 16): Northern Fultmar (Fulmarus glacialn). Red-leggedd
Kittiwake (Kissa brevirostrn), and "Thick-balled Murre ('
lomvia). 'The ratio of these species between St George and
St. Paul was 100to 1, 100w 1 and 14 0 1 respectinely
(Sowls ¢t al. 1U78). St Paul harboured a disproporoomate
number of more ubiguitous coastal nesters, found tnsmall
o intermediate colonies throughout the eastern Bering Sea:
the Red-taced Cormorant (Phalacrocorax virdey, Black-legged
Kittiwake (Rasa tridactyle). and Common Murre (8 na aalge).

Figure 2 -

Zones wsed wrandyse seatnrd abundare aronnd the Proaled Ishandds [ he
concentric rings are 060 and 1Tk from the neatest isiandd

NN
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differences in the volume of a prey taxon taken by success.
ful birds between islands (P =0.01). However, the small
number of birds collected on St. George (N = 4) may not

The ratios of these species between St. George and St. Paul
were 210 1. 2to 1, and 5 to 1 respectively (Sowls et al. 1978).

6.2. Distributton and diet |
. f . Figure 4
Foraging by Red-faced Cormorants was con[med‘m Number of prey in food samples of Red-faced Cormorants. Number is
" within 20 km of the islands (Table 2). The highest densities ~ expressed as a percentage of the total number of items recorded in

samples from one island, Solid bars indicate significant differences

¥ o > Wi ‘P8 ave 1rec EdWETe ’
of birds on the water (presumed 10 have recently fed) (P= 0.01) between islands

observed northeast of St. Paul, an area of relatively shallow
water. This species took a wide variety of prey: over 56 prey

~groups were identified in 127 samples. Benthic groups | RED-FACED CORMORANT
(shrimp, crabs, cottids, and other scorpaenitorin fish) were St PAUL 9. GEORGE
the most important prey (Fig. 3). St. Paul birds took a 77 requrgitations | 52 requrgitotions
~greater proportion of shrimp than St. George birds (Fig. 4). '
Ditferences in the taking of shrimp were due to differences NEREIDS ot
in the proportion of birds taking prey (Fig. 5). It analysis MOLLUSCS )t -
was restricted to those cormorants in which a given prey | AMPHIPODS s k-' :
species was present, there were no significant differences at SHRIMP -
P =0.0] between the two colonies in the average number or
average volume of that prey species per bird. Differencesin CRABS | e i |
diet between populations on the two istands were due to the UNID. EUCARIDS |
-~ number of birds taking prey (Fig. 5), rather than how much MISC. CRUSTACEANS I |
a bird t;‘mk. | - N ) MYCTOPHIDS | -
‘oraging by Common Murres occurred mostly with-
in 60 km ut'tiw!.!tsleimls (‘Table 2). Density values are lizw THERAGRA CHALCOGRAMMA [0
because not all thurres could be identified to species. Like COTTIDS "‘ hef
the cormaorant, Common Murres showed a consistent pref- OTHER SCORPAENIFORMES [ |
erence for the shallow waters in the northeast of the study AMMODYTES HEXAPTERUS
arca ('Table 2). Diets differed signmificantly with respect to MISC. FISH t o
only one prey spectes: St. George birds contained a greater | .
volume and number of euphausiids than St. Paul birds UNID. FISH
(Figs. hand 7). These ditferences were due o the propor- ——1—1 S—
‘ton of birds taking a prey (Fig. 8). There were no significant 5040 3020 10 | 10 20 30 40
| | | “% NUMBER % NUMBER
(384 items) ' (125 items)
Figure 3 -
Volume of previn food samples of Red-faced Conmorants. Volume is
expressed as a prreentage of the total volume found in samples from one
Istand. Sali bars indicate sigruticant ditferences (7 = 0.01) between istands | Figure 5
Occurrence of prey in food samples of Red-faced Cormorants.
Ocrurrence 13 the percentage of samples with a prey, within each island.
| - Solid bars indicate significant differences (? =0.01) between islands
RED-FACED CORMORANT |
St PAUL | St GEORGE , — e
| 7T requrgitctions ‘ 92 requryitations RED-FACED CORMORANT
NEREIDS = | St. PAUL St GEORGE ;
MOLLUS?S
AMPHIPODS NEREIDS
SHRIMP - MOLLUSCS 4
- CRABS AMPHIPODS g
" UNID EUCARIDS SHRIMP
MISC CRUSTACEANS CRABS
MYCTOPHIDS UNID. EUCARIDS
THERAGRA CHALCOGRAMMA :féé‘:::;“ﬁms
COTTIDS :
OTHER SCORPAENIFORMES —  THERAGRA
AMMODYTES HEXAPTERUS - —— ;?;CTi:CSMPAENiFORMES
MISC.FISH _ - T3 AMMODYTES HEXAPTERUS
UNID. FiSH ' T MISC FiSH
| | -—  ——
60 50 ;lovg? uznﬁem 10 20 30 40 50 60 70 | UNID FISH
Y% “% VOLUME
2475m) (749 mi) O S occomnece © | 020 3049, 30.50 7o €0
, (7T regurgitations) (32 regurgitations)
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have been representative, although they were collected in
different years (1976 and 1977) and months (June and

i fuly).

Joy Black-legged Kittiwakes foraged at greater distances
from the islands than Red-faced Cormorants or Common
Murres, but like these species, Black-legged Kittiwakes
showed a strong preference for shatiow waters to the
northeast of St. Paul (Zones 1, 5 and 7; Table 2), Walleye
pollock (Theragra chalcogramma) was the most important
prey species for Black-legged Kittiwakes and more were

taken on St. Paul than St. George (Figs. 9 and 10). Observed
differences between the two populations ot Black-legged

Kittiwakes were due to changes in the proportion of birds
taking a prey (Fig. 11}, rather than due to differences in
“number or volume taken by successful birds.
Thick-billed Murres foraged in considerable num-
bers in the most distant zones from the islands (Table 2),

which agrees with the morphological analysis of Spring
(1971) who demonstrated adaptations for long distance
flight in U. lomvia. ‘This species showed a preference tor
deeper water. based on relatively low densities of birds
northeast of St. Paul Island (Zone 1; Table 2). Invertebrates
formed a major part of the diet (Figs. 12 and 13). Dit-
ferences between the islands were small (Figs. 12 and 13).
although a significantly greater proportion of St. George
birds took euphausiids (Fig. 14). and the proportion of aii
invertebrates to all fish was higher on St. George thanon
St. Paul. There were no differences in number or yolume
of a prey taxon taken by successtul birds on the two sshinds
(P = 01) 1). | |
The Red-legged Kittiwake showed a strong pret-
erence for waters at or bevond the shelt break (able 2).

1 . : B

Figure 7 o
Number of prev in stomach samples of Common Murres. Solud bars
P=0.0] | '

.~ Figure8
- Volume of prey in stomach samples of Common Murres. Solid bars:
t ) - ].Ul :
S . COMMON MURRE
St PAUL St GEORGE
* COMMON MURRE 85 birds 4 birds
RG - . _
H% 31 Er‘rlas NEREIDS
| NEREIDS SQUID
SQUID EUPHAUSIIDS
: EUPHAUSIIDS MISC CRUSTACEANS
MALLOTUS VILLOSUS = THERAGRA a——
THERAGRA i — 1 _ ::————-U_ , .
UNID. FISH — 1 UNID. FISH S
10 20 30 40 50 60 70 2o | 20 40 60 80 1
6030 49 200 © o NOLUME 50 40 30 20 10 | 20 40 60 B0 100
| | (580 items) (375 1tams)
Table 2 N | . |
Density of birds on the water (birdvkm®) in eight zones around the Pribalol
Isfands. See Figure 2 for Jocations ol zonces L - N L e
- Red-faced Black-legged Red-legged Common Thick-billed
Cormorani Kittiwake Hiltiwﬁt‘ o _ Mtlrrt' L *_w"'iu_l“_n'__
 Dintance NE__Sw_ NE Sw MR sW O NE  sw M T
bW St I Zone K | 2 | ) R B
km . Paul '{Sm (.94 05 TR nouw 0o TR B T
spt 4492 178 B .44 .14 . S by Es SRR
N7 217 e 27 74 IR} o flr. i 24 B
PR LT - . ' : 4 4 L 1 A } A N
. Leorge {:“m n::": U.:H (h ] 2] LN LRI N TN I TR T g iy
;“ |:7;] 000 040 | O 1N (| L TR A 2N} | Jt*:
N 9 17 LU o 1 e ek e
e it —— ik &2 = - . - - . S -
7 v . 5 8 3 b D i | 3 H : k f=_
60 km {;""{ do0n H.l]}liﬁ LA .16 (3.AM3 B 0N D 053 ey
o3 0.00 013 .6t | %) 045 4.0 P60 (86 AN 047
\ 457 27 457 207 457 2y HToowW7 o dh e W
. I e — ~ : _ e : - . L - - H’
; : 7 N 7 X i by : N / "
110 kin {:ﬂm f,;"y; 0.0 u.:z:.-: 013 (L.4) RIS (Hky  OIR¥) S o
,'-m {}.(}ﬁ‘ 0.0 I.62 JRUY (0.1 ERAY 3= SN DL S ALL -
N 208 437 M T qus AW M8 437 Coam 4%
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Myctophids, a deep-water fish, were the principal prey
(Figs. 15 and 16). There were no significant difterences
between colonies in the proportions of birds taking this prey
(Fig. 17) but there were significant dit:feren.ces in th_g
average number of myctophids per bird (Fig. 16). The
number of myctophids per successful bird also differed

" significantly between St. Paul birds (6.5 fish per successtul
bird) and St. George birds (4.25 fish per successful bird).
Volume of myctophids per bird (Fig. 15) did not differ
significantly between the two islands, nor did volume per
successful bird ('=0.01).

W
Figure 8 h |
Occurrence of prey in stomach samples of Common Murres. Solid bars:

- P=001

- COMMON MURRE
St PAUL St. GEORGE

M

NEREIDS - 0
SQUID |
EUPHAUSIDS

MISC CRUSTACEANS

'MALLOTUS VILLOSUS
 THERAGRA —
UNID. FISH — ]

80 60 40 20

% OCCURRENCE
(85 birds)

20 40 60 80 100

% OCCURRENCE
(4 birds)

- Figure 9
Volume of prev i stomach samples of Black-legeed Kittiwakes, Solid bars:
P =00 | |

i BLACK-LEGGED KIT TIWAKE

St PAUL St. GEORGE
144 birds 60 birds
NEREIDS |
SQUID
OTHER MOLLUSCS
HYPERIIDS
EUPHAUSIIDS

OTHER CRUSTACEANS
MALLOTUS VlLi.(}SUS
MYCTOPHIDS -
THERAGRA
COTTIDS

"~ AMMODYTES HEXAPTERUS
UNIDENTIFIED FISH

—_

50 40 30 20 10 10 20 30 40

% VOLUME % VOLUME
(9GS5 ml)

(300 ml)
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(f Discussion

This comparative anaiysis of two seabird colonies
demonstrated that (1) the distribution of birds foraging

around breeding colonies can vary with local oceanographic

ditferences; and (2) dicts can differ significantly between
populations of the same species on nearby colonies located
in different oceanographic environments,

Figure 10
Numbecr of prey in stomach samiples of Black-legged Kittiwakes, Solid

bars: P =0,01

BLACK-LEGGED KiTTIWAKE

St PAUL St. GEORGE
144 birds 60 birds
NEREIDS T
SQUID |
OTHER MOLLUSCS
HYPERIIDS ]
EUPHAUSIIDS —
OTHER CRUSTACEANS S
MALLOTUS VILLOSUS i

MYCTOPHIDS —
THERAGRA

COTTIDS _

AMMODYTES HEXAPTERUS T

UNIDENTIFIED FISH AR N

L

- oTTerTTTTTTT YT 1.t

40 30 20 10 | 10 2030 40
% NUMBER % NUMBER i

(1068 items) (220 items)
———————eideiiebe T ————r

Figure 11
Occurrence of prey in stomach samples of Black-legged Kittiwakes, Solid
bars: P =0.01 '

BLACK-LEGGED KITTIWAKE
St. PAUL St GEORGE

NEREIDS

SQUID

OTHER MOLLUSCS
HYPERIIDS
EUPHAUSIIDS
OTHER CRUSTACEANS
MALLOTUS VILLOSUS

MYCTOPHIDS

THERAGRA

COTTIDS

AMMODYTES "

UNIDENTIFIED FISH e e——
8040302010 | K0 20 3040 50
% OCCURRENCE ' % OCCURRENCE

(144 birds ) - {60 birds)
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Previous ideas on foraging distribution around
breeding colonies have been from inference only (Pearson
1968, Ashmole and Ashmole 1967, Croxall and Prince
1980) and from scattered observations at sea (Cody 1974,
Ashmole and Ashmole 1967). Foraging distribution as a
function of distance from the colony was modelled by Coxly
(1974) who predicted species replacement along radii ex-
tending outward from a colony. Cody’s own data failed to

support the model (Bédard 1976) and radial replacement of

predators could result from radial replacement of prey,
rather than optimal return rates as a function of predator
size and flight range as predicted by Cody. 'T'he asymme-
trical distribution of birds around the Pribilof Islands in-

Figure 12
Volume of prey in stomach samples of Thick-bilied Murres

THICK-BILLED MURRE

dicates that foraging distribution is not related entirely to
distance. Prey type and availability is likely 1o be related 1o
both distance and direction, and prey distribution will need
to be included in any realistic model of seabird foraging.
Analyses of diet relutive to oceanographic conditions
include those of Bradstreit (1980) and Hartlev and Fisher
(1936) (see also Briggs ef ot., this volume). who collected
foraging birds from different habitats. Bradstreet found.
that alcids feeding at onshore ice-edges ook difterent
proportions of prev from birds feeding at offshore ice-
edges. Hartley and Fisher tound that euphausitds were
taken by most birds teeding in waters at the foot of a glacier,
whereas amphipods appeared in the diets of birds feeding
in waters affected by stream runoft. Local variaton in diers

of breeding seabirds has been reported by Uspenski (1058)
and Belopolskii (1957, but no attempt was made to relate

these difterences to local peeanographic conditions.
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Figure 16 | | o o
Number of prey items in stomach samples of Red-legged Kittiwakes. Solid

bars: P =0.0)
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Comparison of the two Pribilof colonies suggests that
habitat setection occurred relative to oceanographic features
that intluence productivity and transter ot energy through
the tood web. Two of the three coastal species (Gommen
Murre and Red-faced Cormorant) were found predomi-
nantly on shallow waters to the northeast of the Pribilofs
(Lable 2), waters with the same mixing regimes [ound i the
coastal and middle shelf domains in the southeastern Bering
Sea (Kinder et al., i press), The third species common in
coastal colonies, the Black-legged Kittiwake, was found at
sreater distances trom the island than Common Murres and
Red-faced Cormorants, but like these two, Black-legged
Kittiwitkes were most often found on the relatively shallow -
waters extending to the northeast of the islands, except in
the immediate vicinity of St George Island (Table 2). Thus,
clements of these three populations on the Pribilofs used
the islands as il they were a coastal site. In contrast,
Red-legged Kitiwakes concentrated their foraging in deep
waters well offshore (Table ). This pattern of habitat
selection gives this predator access to a prey group (myc-
tophids) that were taken throughout the breeding season,
unlike pollock. Myctophids were abundant dietary items
trom May 1o September, whereas pollock were taken pri-
marily in July (Hunt et al. 1930),

 Wiens o ol. (1978) estimated that energy flux near
the St. George breeding colony was 18 times greater than
energy flux near the St. Paul colony. Much of this ditference
was due o the large populations of Thick-billed Murres and
Northern Fulmars on St. George. The ability of these two
species to obtain significant proportions of their diet near
the shelf break may be critical for supporting the large
populations on St. George Island, Large-bodied zooplank-
ton (Neacalanws cristatus, N. plumchrus, and Eucalanus bungn)
appear to be a key link in the food chain. High standing
stocks of these species (7-180 g wet weight/m*) occurred
along the outer part of the continental shelf m three
~successive years relative to those in the coastal and middle
domain waters (Cooney 1981). These species overwinter at
depth as adults, and rise to the surface in the spring to take
advantage of the spring phytoplankton bloom. Large cope-
pads are the major prey of juvenile pollock (Clarke 1978)
when these fish reach the size range taken by seabirds (Hunt
e al. 1981a). Spawning pollock concentrate along the outer
- shelf and juveniles appear to concentrafe in the region of

/
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Figure 1
Occurrence of prey in stomach samples of Red-legged Kittiwakes. Solid

hars: P =0.0}

RED-LEGGED KITTIWAKE
St. PAUL St_GEORGE

NEREIDS

SQUID
HYPERIIDS
EUPHAUS!IDS

MISC. CRUSTACEANS

MALLOTUS VILLOSUS
MYCTOPHIDS
THERAGRA
UNIDENTIFIED FISH

e e A SR R N SR
60 40 20 20 40 &0

% OCCURRENCE % OCCURRENCE
(112 birds) (63 birds)

the Pribilof Islands before dispersing outwards across the
shelf (Smith 1981).

One feature of the diets of seabirds on the Pribilot
[slands is the paucity of surface schooling fish, such as
Ammodytes or osmerids. The near absence of these fish in the
diets of seabirds at the Pribilofs suggest that these shallow
water fish are not abundant around the Pribilof [slands.
The two major prey groups at the Pribilofs are a demersal
fish (walleye pollock), and species that migrate vertically
(myctophid fish and euphausiids). Pollock are important
prey on both islands, while the vertical migrants are more
important on St. George. Vertical migration may be an
important mechanism bringing food to the surface in deep
waters south of the islands, while shallow waters may be
important in making food accessible to diving birds arou nd
the islands and to the north of St. Paul. Ashmole and
Ashmole (1967) noted the importance of vertically migrat-
ing prey in the ecology of seabirds breeding on oceanic
islands in the tropics. Factors that govern vertical migration
of nekton may prove to be a major factor in the lives ot
oceanic, as opposed to coastal breeding seabirds.

Our knowledge of the hydrography of the south-
eastern Bering Sea has advanced rapidly in the last decade,
largely as a result of work sponsored by the Outer Con-
tinental Shelf Environmental Assessment Program (Nation-
al Oceanographic and Atmospheric Administration) and
PROBES (Processes and Resources of the Bering Shelf
Ecosystem). The concept of a current flowing northward
across the sheif, fed by a net influx of North Pacific water
through the Aleutian passes, has been replaced by the
concept of well differentiated water masses that undergo
little net advection, though they oscillate with the tide
(Coachman and Charnell 1979, Kinder and Schumacher
1981). The lack of net advection across the shelf in the
southeastern Bering Sea has a number of important biolo-
gical consequences. First, the physical characteristics of the
water inhabited by marine life is conditioned by Jocal forces,
including heating by the sun, stirring and mixing by the
wind and tidal action. Second, critical nutrients such as
silicate, nitrates, and phosphates are not replenished by
water from elsewhere. Third, there is little opportunity for
lateral transport of biological populations.
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Understanding of the biological oceanography of the
region is still in a state of flux, but at present it is clear that
there is an abrupt change in species composition across the
shelf, and that this change coincides with the middle front,
which is associated with the 100-m isobath. There are
ditferences in population density on either side of the
100-m isobath for several species of zooplankton (Cooney
1981), fish (Bakkala ef ¢l 1979), benthos (Haflinger 1981),
and birds (Hunt ¢t al. 1981¢). Differences int biomass have
been reported in several ecological assemblages, most not-
ably chain-forming diatoms (Goering and Iverson 1981),
deposit-feeding infauna (Haflinger 1981) large-bodied
copepods (Cooney 1981), and surface-feeding birds
(Schneider and Hunt 1982),

Differences in species composition on either side of
fronts between water masses are well documented tor
marine ecosystems, Ditferences in population density ol
various organisms on either side of fronts have been
reported for the southeastern Bering Sea (Iverson ¢t al
1979), the North Sea (Joiris 1978), and the Sargasso Sea
(Backus ¢t al. 1969), The association between marine birds
and water masses is well documented, beginning with the
work of Murphy (1936) and extending to the tiner scale
analyses of Brown ef al. (1975) and Pocklington (1979).
‘The asymmetrical distribution of birds around the Pribilot
Islands extends this result to the distribution of birds
around breeding colonies.

Although the association between marine popu-
lritions and water masses is well known, the underlving
mechanisms are not. In the North Sea, Joiris (1978) empha-
sized differences in algal mortality and bacterial activity in
adjacent water masses. In the Bering Sea, Cooney (1981),
Goering and Iverson (1981), Iverson ef af. (1979, and
Schneider and Hunt (1982) emphasized ditterental grazing
pressure due to the ontogenetic migration of large-bodiced
zooplankton into surtace waters of the outer shelt during
the spring bloom. These zooplankton may supply tood to
surface-feeding birds either directly (storm-petrels) o in-
directly through squict and fish (Fulmars and Red-legged
Kittiwakes). Lower grazing pressure over the middle shelf
allows more phytoplankton to sink to the bottom to feed
benthic detritivores and their predators (Haflinger 1981),
An important but untested aspect of this hypothesis s that
the lateral (especially shoreward) movement of farge-bodied
zooplankton is limited by the fronts, despite the mobility of
these animals. The hypothesis does not account tor distribu-
tion of diving birds, most notably the large bionass of
murres in the outer domain near the Pribilot Islands.

Recent work suggests that some of the mechanisms
responsible for the association between marine populations
and water masses may be acting at small spatial scales.
Cooney (1981) showed that the biomass of large-bodiced
copepods is high near the shelf-break front, and decreases
across the outer shelf domain toward land. Scabirds aggte-
gate at both the shelf break and the inner fronts in Bristol
Bay (Schneider 1982), and signiticant aggregations of
murres associate with fronts around the Pribilof Islands
(Kinder ef af. 1983). Seabirds need o be examined relative
to large- and small-scale physical and biological phenomena
to understand the tro hic processes that link them to
Mmarine ecosystems. -

In summary, the two Pribilof colonies differed in
colony composition, diet of individual species, and distribu-
tion of birds around the colony. An understanding of the
physical factors that influence marine food webs suggests

that these differences between the two colonies are i
function of the heterogeneous ocean that surrounds the
colonies. '
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