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SUMVARY

The stomachs of 242 belukha whal es fromthe Bering and Chukchi seas were
exam ned. 0f those, 141 contained food remains. Foods eaten during the
spring mgration in the chukchi Sea included arctic cod, shrinps, and
octopus. In coastal areas of the northern Bering and Chukchi seas
sumrer foods were saffron cod, sculpins, herring, snelt, capelin, char,
shrinps, squid, and octopus. Primary foods in Bristol Bay were salnon
and snelt. No sanples are available from autumm or winter. During
those seasons it is probable that pollock are the main prey in the

sout heastern and southcentral Bering Sea, while saffron cod and arctic
cod are nmgjor foods in nore northern areas.

I n Eschscholtz Bay young belukhas ate smaller saffron cod than did ol der
animal s, and mal es ate proportionately nore sculpins than did fenales.

Belukha whal es are large animals and where they are abundant they wl|
consune substantial quantities of fishes. In the Kvichak River in 1983,
belukha predation accounted for 5% of the red salnmon smelt outmigration,
1% of the commercial catch of red salnon, and 9% of the commercial catch
of other salnon species. Prey eaten by belukhas are similar to those
eaten by several other narine mamal s species, and harvested by
comercial fisheries. Competition for food with other marine mmmuls
and fisheries may influence population size and productivity of
belukhas.
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| NTRODUCTI ON

The belukha whal e (Del phinapterus leucas) is a najor conponent of the
marine mammal fauna of Alaskan waters. It is the only ice-associated
smal | cetacean commonly found in Alaska and as such occupies areas in
which the mammual fauna is dom nated by pinnipeds. Although the foods
utilized by belukha whales in some parts of their range have been
described in detail (e.g., Vladykov 1946; Kleinenberg et al. 1964) , the
only significant recent information on foods utilized in Alaskan waters
is fromstudies in inner Bristol Bay (summarized in Lensink 1961). As
part of a conprehensive investigation of the trophic relationships of
marine manmal s in the Bering, Chukchi, and Beaufort seas, we have
obt ai ned and examnined sanples of the stomach contents of belukha whal es
taken by Eskinmo subsistence hunters. In addition, we have obtained sone
specinens from animals killed in fishing nets or dead from natura
causes.

An understanding of the trophic relationships of this species is
important for at least two reasons. First, mmjor devel opments such as
oil and gas exploration will soon occur in coastal and offshore waters
of Alaska. Such developnent is presently underway in the Mackenzie
River delta in Canada, an inportant part of the belukha whal e’ s range.
If potential effects of such development are to be fully assessed, an
under st andi ng of the food web of which belukhas are a part nust be

achi eved. Second, managenment of marine manmals based on ecosystem
concepts is mandated by the Marine Mammal Protection Act of 1972
Carrying capacity, defined as the maxi num nunber of animals of a given
speci es which the environnent can support, is one such concept. Since
maj or food resources are always shared by nore than one consumer,
carrying capacity in terns of food is not a single species paraneter,
but rather is related to the characteristics of all species which share
the resource base. In order to understand the conplex and dynamic
nature of carrying capacity, the types of foods utilized by major
consuners nust be document ed

The results of our analysis of belukha whal e stomach contents have been
reported in part el sewhere (Lowy et al. 198la, b; Seaman et al. 1982)

In this report we present the results of all specinmens examned from the
initiation of this study in 1977 through the summer of 1982

METHODS AND MATERI ALS

Most belukha stomachs were obtained from whal es taken in Eskim subsist-
ence harvests at various sites in the northern Bering and Chukchi seas
from 1977 through 1981. (One stomach was obtained from an animal that

was acci dentally caught in a fishing net and two were from animals found
dead on or near shore. Sex was determned for each animal sanmpled by
exam nation of the genital slit. Age deterninations were based on
counts of dentinal growth layers in thin |ongitudinal sections of
mandi bul ar teeth (Burns and Seaman 1985) .

Stomachs were collected whole or slit longitudinally and the contents

removed. In sonme instances when stonachs contained small amounts of a
single type of prey, the contents were exam ned and quantified in the
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field. In all other stomachs the contents were preserved in a 10%
buffered fornalin solution for later analysis. Stonachs of aninals
taken in Eschscholtz Bay in 1982 were very full, and we collected only
subsamples that ranged in volume from 10 to about 900 ni. Although
formalin can degrade otoliths, we do not think that was an inportant
factor in this study since we regularly recovered small otoliths wWith
surface features intact.

In the laboratory, stomach contents were gently washed on a |.O mm nesh
sieve. Conponents of the stomach contents were identified using appro-
priate keys and reference specimens and sorted to the lowest possible
taxonomc level. The water displacement volune of each invertebrate
taxon and of all fish nmaterial conbined was determined. The nunber of
fishes of each taxon consumed wssestimated based on identification and
counts of characteristic hard parts, particularly otoliths. For mngjor
prey species, a sanple of oteliths that did not appear degraded was
measured from each stomach (maximum length to 0.1 mm) . The |ower crest
l ength of octopus beaks was measured (C arke 1962) to the nearest

0.1 nm These neasurenents were used to estimate lengths and weights of
fishes and weights of octopus consumed using relationships determn ned
fromintact fishes and octopus collected in the Bering and Chukchi seas
(Table 1).

Wwe present our findings in three ways: (1) the percent of the total

vol ume of stomach contents which was conposed of a particular type of
item (percent volune) was used for invertebrate taxa and all fish
material in aggregate; (2) the percent of the total number of identified
fishes represented by each taxon (percent nunber) for fish taxa; (3) the
percent of all stomachs in a sanple which contained each particular item
(percent frequency) for all itens.

RESULTS

Stomachs from a total of 242 whales were exami ned, of which 141
contained food remains. Three were from whales found dead in

nort heastern Bristol Bay, three were fromwhal es taken at Elim in Norton
Sound, and the remainder were from four |ocations along the Chukchi Sea

coast (Figure 1) . Sanples were collected during the nonths of
April-July

A mnimm of 18 species of invertebrates and 13 species of fishes were
identified fromthe stomach contents (Table 2) . The greatest variety of

prey (mninum of 19 species) was found at Eschscholtz Bay, the area from
whi ch the |argest nunmber of stomachs was collécted.

The volume of contents in stomachs we examned ranged froma few mlli-
liters to over 5 liters. The great mpjority of stomachs contained |ess
than 500 m of food, usually consisting of bones and otoliths from
fishes, beaks from cephal opods, carapaces from crustaceans, and
inorganic naterial, particularly pebbles and sand

The stomach of the belukha caught in a salnon net in Kvichak Bay in
May 1980 contained remmins of 70 rainbow snelt (490 m), 2 flatfish
(77 m), and 10 shrinp (13 m). On 29 June 1982 we found a subadult
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Table 1. Regression equations used to estimate sizes of prey consuned by belukha whal es (from Frost and
Lowy 198la and unpublished).
Prey Otolith | ength
[tem range (mmj Regression Equation
Eleginus < 8.5 fish length (cnm) = 1.740 (otolith length (nm) - 0.090
gracilis > 8.5 fish length = 2.323 (otolith length) - 4.839
(saffron cod) - fish weight (gins) = 0.0050 (fish length (cm) 3.095
Family Cottidae al | fish length = 4.009 (otolith |length) - 4.364
(sculpins) -— fish weight = 0.0088 (fish length) 3.038
Oncorhynchus 1 al | fish length = 8.635 (otolith length) + 17.723
nerka .- fish weight = 0.00046 (fish length) 3.776

(red sal mon)

oct opus Sp.

octopus weight (gins) = 0.0281 (lower crest length (mm

)3.389

1equations are prelimnary based on neasurenents from 8 fishes
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Table 2. Prey species identified from stomachs Of belukha whal es taken at 5 locations in western
Al aska. Sanple sizes indicated include only stomachs containing food remins.

northeastern Eschscholtz ,

Bristol Bay Elim Bay Poi nt Hope Wainwright Barrow

Vay- Jury June June ApriT-Vay Ju|§ VR
n=3 n=3 n=113 n=18 n= n="1

TAXON

CEPHALCPODS ,
Fam |y Gonatidae (squid) X X
oct opus Sp. X X X

Margaritas sp. X

Polinices SP. . X X
CLAVE (unidentified) X
MYSIDS

Mysis Sp. X

Neomysis SP. X
AMPHIPODS

Gammarus sp. X

Argis Sp. X

Crangon SP. ) X
Crangon Sept enspl nosa X X

Fualus SP. X
HEHVl_I_CR/EBS

Pagur us trigonochierus X
ISOPODS
Saduria entomon
Sadurl a sabini
ECATOROID VORNVE
Echiurus_echi urus . X
PCCYCHAETE WCRMS™ (Uni denti f i ed)
TUNICATES (uni dentifi ed)
FI SHES

> <

X< X<

Bor eogadus sai da (arctic cod)
Catostomus catostomus_( sucker)
Clupea_harengus_(Pacific herring) X
Coregonus_ sp. (whitefish)

Eleginus gracilis (saffron cod)

Family Cottidae (sculpins) X

Lycodes sp. (eelpout)
ﬁojre::sus olidus (pond snel t[))

(%]

>< ><
S>> >< <X
>

Osmerus mordax (rainbow SMEl
Fam 'V Pleuronectidae (flatfish)
Pungitius pungitius (Stickl ebacks)
Oncorhynchus _ner ka [ sockeye sal imon)
Salveli NuUS malma (arctic Char) X

PEBBLES X X X

X x>
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mal e belukha floating in the Snake River (Nushagak Bay) approximately

3 km upstream from the river nouth. The animal was freshly dead and was
spewing renmains of red salnon. In the stomach were remains of four

sal non; based on sizes of otoliths, two of the fishes were 54.9 and

73.8 cm long and wei ghed approximately 1,715 and 5,240 g. On 1 July
1982 we | ocated another subadult nmal e belukha whi ch had obviously been
dead for several days. The carcass was above the high tide |ine about
10 km upstream from the nouth of the Snake River. In its stomach were a
few fragments of a shrinp and otoliths from 68 rai nbow snelt, 2 pond
smelt, 7 sculpins, and 1 flatfish.

The stomach contents of three belukhas taken at Elimon 12 June 1977
were sinmilar to one another and consisted of a combined total of 887 ni
of partially digested fish and 381 m of pebbles, nostly 2 cmor less in
dianmeter. Fishes eaten by the three whales included at |east 3,900
saffron cod, 55 sculpins, and 5 herring. Saffron cod eaten averaged
16.5 cmlong (range 6.5-29.1 cnm) and 40.0 g in weight (range

1.6-168.4 g); sculpins averaged 35.6 cm (range 22.9-51.0 cn) and 524.6 9
(range 119.6-1,362.2 g).

W exanined the stomach contents of 65 belukhas taken in Eschscholtz Bay
in June 1978 (Table 3) . Stonmachs fromthree aninmals were enpty; the
remai nder contained bones and otoliths of fishes, primarily saffron cod
and sculpins, and small amounts of shrinp, isopods, snails, polychaetes,
and octopus. Saffron cod eaten averaged 12.4 cm long (range

5.0-30.2 cm and 17.7 g (range 0.7-188.99);isculpinsaveraged22.5cm
(range 10.5-28.9 cn) and 131.7 g (range 11.2-242.5 g). In 1979 we
exanined the stomach contents of three whales taken between 16 and

23 June. Two were taken in Eschscholtz Bay and contai ned numerous
saffron cod otoliths and traces of shrinp and snails. The third, taken
near the village of Buckland (about 38 km up the Buckland River from
Eschscholtz Bay) , contained 5,810 m of partially digested fish, nost of
which was the remains of 11 arctic char up to 50 cmlong. Otoliths and
bones representing 7 whitefish, 5 suckers, 50 sculpins, 22 snelt, and 1

arctic cod were also present. In June 1980 we exanined the stomachs of
53 belukhas, 28 of which contained food remmins. Food itens identified
were generally sinmilar to previous years (Table 3). In conparison wth
1978, whales taken in 1980 ate invertebrates, sculpins, and rocks |ess
frequently and had eaten nore rainbow smelt. In 1981 the stomachs of 11
whal es taken on 15 June were examined. Al of those stomachs were

enpty. In 1982, subsamples of stomach contents were collected froma

sanple of 20 whales. The aninals had been actively feeding prior to
being hunted and were observed feeding in the Bay again on the day after
the hunt (Burns, field notes) . Based on frequency of occurrence in the
subsamples (Table 3) foods eaten were Very simlar to those found in
previ ous years.

At Point Hope we examnined the stomachs of 35 whales taken 22-27 May 1977
and 15 whal es taken 25-26 April 1978. In 1977 30 stomachs were enpty,
and in 1978 six stomachs were enpty. Stonmachs of the whales taken in
April 1978 contained nostly crangonid shrinp (Table 4). One stomach
contai ned otoliths from43 arctic cod. A total of 34 octopus beaks was
found with a maximum of 15 in a single stonmach. The aninals examned in
May 1977 contained al most exclusively octopus beaks and small pebbl es.
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Table 3. Stomach contents of belukha whal es collected in Eschscholtz Bay.

22-23 June 1982

13-18 June 1978, n=62 16- 24 June 1980, n=28 n=20

Percent Percent Percent Per cent Per cent Per cent Per cent
Prey Item Vol une Nunber Frequency Vol une Nunber Frequency Frequency
Shrimp 4 - 76 3 - 50 90
Isopod 6 - 34 1 - 14 35
oct opus <1 - 52 <1 -— 14 5
O her Invertebrate <1 —_ 41 <1 - 29 40
TOTAL | NVERTEBRATE 11 90 5 - 82 95
Rocks and Pebbl es 1 - 66 <1 - 4 5
TOTAL FI SHES 87 94 95 - 96 100
Saf fron Cod - 88 94 - 90 86 100
Sculpins - 11 42 - 2 25 10
Rai nbow Snel t -- <1 29 - 7 39 55
Pacific Herring -- <1 3 - 1 7 5
Eelpout o <1 2 -— - -- -
Mean Vol ume of Contents (nl) 47.2 81.1 410.7!}
Total Nunber Identified Fishes 4, 346 434 1,250 ,

lmean vol ume of subsamples



Table 4. Stonmach contents of belukha whal es col |l ected at Point Hope.

22-27 NMay 1977, n=5 25-26 April 1978, n=9

Per cent Per cent Per cent Per cent Per cent Per cent
Prey Item Vol une Nunber Frequency Vol une Nunber Frequency
Shrinp <1 T 20 99 T 67
Squi d 0 -- 0 <1 - 11
oct opus 75 o 100 <1 -- 78
Gt her Invertebrate <1 -- 60 <1 T 11
TOTAL | NVERTEBRATE 75 -- 100 100 T 100
Rocks and Pebbl es 25 T 40 <1 T 22
TOTAL FI SHES 0 - 0 <1 - 11
Arctic Cod T 0 0 - - 100 11
Mean Vol ume of Contents (m) 53.3 48. 4
Total Number ldentified Fishes O 43

375



A total of 823 beaks was found with a maxi nrum of 625 in a single
stomach. Thirteen additional whales taken at Point Hope in 1979 and
1980 were examined. Stomachs of two of six taken on 6 and 8 May 1979
contained food in the stomach; one containing otoliths fromthree arctic
cod; the other, one octopus beak, one saffron cod otolith, and two smal
unidentifiable fishes. Two of seven taken on 19 May 1980 contai ned
traces of food; one had only beaks of two octopus, the other had beaks
from seven octopus and fragnments of a shrinp, the operculum froma

snail, and a small pebble.

Three of 20 belukhas we exanined at Wainwright contained food. One
taken 22 July 1976 contai ned beaks fromthree octopus and four gonatid
squi ds (probably Gonatopsis borealis) . Two whales taken on 18 July 1979
contained 12 partially digested rai nbow snmelt, otoliths fromtwo saffron
cod, and trace anounts of snails and isopods.

The stomach of a belukha taken 17 May 1979 at Barrow contai ned one
intact nine-spined sticklebacks (3.2 cmlong) , two intact herring (6-7 cm
[ ong), and otoliths fromtwo arctic cod.

The | arge sanple of belukha stomachs collected from Eschscholtz Bay in
1978 was exam ned for age- and sex-related differences in foods. The
components of the stomach contents of young and ol der whales were very
simlar (Table 5). The range in size of saffron cod eaten was also
simlar (Figure 2). However, only 8.6% (9/104) of the saffron cod eaten
by young animals were over 15 cmin length while 27.0% (115/426) of the
saffron cod eaten by older animals were longer than 15 cm  This
difference is highly significant (x%2 = 10.749, P < 0.01).

The conposition of the stomach contents of male and femal e belukhas was
slightly different (Table 6). Shrinp accounted for a greater proportion
of the contents and occurred nore frequently in females than in nales
the opposite was true for isopods. The nost obvious difference occurred
in the consunption of sculpins which were eaten by 4 of 28 fenales and
21 of 29 males, a highly significant difference (y"= 8.012, P < 0.01).

DI SCUSSI ON
Bi ases in Stomach Content Analysis

Over 100 kinds of organisns have been identified in the diet of belukha
whal es (Kl einenberg et al. 1964) . W found several general types of
prey in the belukha stomachs we examined, including benthic
invertebrates (crustaceans, worms, molluscs, and tunicates) , nektonic
invertebrates (squids) , pelagic and semidemersal fishes (arctic cod,
saffron cod, herring, whitefish, smelt, char) , and demersal fishes
(sculpins, suckers, and eelpout) . Wth the exception of octopus, many
of the benthic invertebrates found in the belukha stomachs may have been
released from the stomachs of fishes consuned and digested by the

whal es. Both saffron cod and sculpins conmmonly feed on benthic inverte-
brates (Andriyashev 1954). W exam ned the stomachs of 79 saffron cod
caught in Kotzebue Sound in Mrch 1978 and found that they had eaten
nostly polychaetes, shrinps, amphipods, and mysids. Forty sculpins
(Myoxocephalus spp.) caught in the northern Bering Sea and Norton Sound
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Table 5. Stommch contents of belukha whales collected in Eschscholtz Bay,
June 1978, separated by age categories.

less than 6 years old, n=9 6 or nore years old, n=47

Per cent Per cent Per cent Per cent Per cent Per cent
Prey Item Vol une Nunber Frequency Vol une Nunber Frequency
Shrinp 15 - 78 5 - 77
| sopod 7 -- 22 7 - 38
oct opus 3 - 56 <1 - 47
Qher Invertebrate <1 -- 44 <1 - 30
TOTAL | NVERTEBRATE 25 - 100 12 - 89
Rocks and Pebbl es 2 - 67 1 -~ 68
TOTAL FI SHES 72 - 100 86 - 94
Saffron Cod o 92 100 -- 89 94
Sculpins - 7 44 - 10 40
Rai nbow Srrel t T <1 33 -- <1 32
Pacific Herring T 0 0 - <1 4
Eel pout o 0 0 -- <1 2
Mean Vol ume of Contents (m) 9.9 44,3
Total Nunber Identified Fishes 571 3,562
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Length distribution of saffron cod eaten by belukha whal es
based on measurenents of otoliths in stomachs. Dotted |ines
represent fishes eaten by whales five years old and younger;
solid lines represent fishes eaten by ol der whales.
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Tabl e 6. Stomach contents of belukha whal es collected in Eschscholtz
Bay, June 1978, separated by sex.

Females, N =28 Mal es, n=29
Per cent Per cent Per cent Per cent Per cent Per cent

Prey Item Vol ume Number  Frequency Vol une Number Frequency
Shrinp 11 - 82 2 - 72

| sopod 2 - 25 8 - 48
oct opus <1 - 64 <1 - 34
O her Invertebrate <1 - 21 <1 - 38
TOTAL | NVERTEBRATE 14 - 93 10 - 86
Rocks and Pebbles <1 - 64 1 - 69
TOTAL FI SHES 85 89 88 - 97
Saffron Cod -- 98 89 - 82 97
Sculpins - <1 14 - 17 72
Rai nbow Snel t - 2 39 - <1 24
Eelpout - <1 4 - 0 0
Mean Vol ume of Contents (m) 24.8 73.0

Total Nunber ldentified Fishes 1, 648 2,588
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in Cctober 1976 had eaten shrinps, amphipods, crabs, and fishes (Frost,
unpublished) . In belukhas taken in Eschscholtz Bay, snails, clans,
amphipods, mysids, tunicates, and polychaetes were found only in
stomachs which also contained fishes. O 27 stonmachs containing isopods
20 al so contained sculpins. Kleinenberg et al. (1964) found a sinmlar
situation in the Wite Sea where certain benthic invertebrates were
present only in belukha stomachs which contained flatfish. At Point
Hope three of the whales examned in 1978 contained over 100 m of
shrinp and no fresh fish remains. W conclude that although many of the
invertebrates we found were secondary prey, octopus, shrinps, and
sometimes isopods are directly consumed by belukhas. Hay and McClung
(1976) found a young belukha in Cumberland Sound with a stomach full of
anphi pods and seaweed.

Since nost of the stomachs we examined contained little or no freshly
ingested food, our neasures of volume of food items in the stomachs are
probably biased in several ways and may be of little value in
determning the actual inportance of the various prey. For fishes, we
were able to determne the number of each species (or taxon) consumed
during recent neals based on characteristic hard parts. This neasure
may be biased if parts of different fish species persist in the stomach
for different lengths of time. However, we know of no data to indicate
that such is the case, therefore we consider that our counts of fish
parts reflect recent consunption. Mller (1978) noted that fur seals
{Callorhinus ursinus) accurmul ate and later regurgitate squid beaks and
Pitcher (1980) presents data which suggest that the same may occur in
harbor seals (phoca vitulina richardsi). Cctopus flesh was not found in
any of the belukhas we exam ned suggesting that they had been eaten some
time before the whales were killed.

We found no evidence to suggest that stomach contents were regurgitated
by belukhas during the course of their being pursued and killed. One
pod of more than 200 whales was slowy driven for over two hours in
Eschscholtz Bay. \Wen a suitable location was reached, 45 of them were
killed, of which 43 contained food in the same state of digestion. One
belukha in the Buckland River was chased for several hours and when
killed contained the largest volune of contents we encountered

However, our data from Eschscholtz Bay in 1981 suggest a limt on the
persistence of food renmains in the stomach. The whales were driven for
about 3.2 hours before being killed and all 11 exanmined had enpty
stomachs. This indicates that either they had not fed prior to entering
the Bay or all food remains were cleared from the stomachs during the
drive.

Feeding During Spring Magration

Arctic cod, the npst abundant semidemersal fish in northern ice-covered
waters (Blacker 1968) , was the fish species we found eaten in greatest
nunbers by belukhas taken in the spring. However, the presence of
otoliths from 48 arctic cod in 19 belukha stonachs containing food
indicates that arctic cod were not abundantly available or the whales
chose not to feed intensively on them
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Shrinps were eaten in small but perhaps significant quantities by whales
taken at Point Hope in April. Johnson et al. (1966) exam ned stonachs
fromtw belukhas taken in May 1961 at Point Hope which contained arctic
cod and shrinp of at least three species. W found shrinp in only trace
anobunts in two of nine belukhas taken at Point Hope in May.  Shrinps,
particularly the famly Crangonidae, are widely distributed and quite
abundant in arctic waters (Squires 1969; Lowy and Frost, unpublished).

COct opus beaks were nore preval ent in beilukha stomachs from Point Hope
than el sewhere, occurring in 15 of the 18 stonachs exam ned. Al though
the beaks may persist in the stomachs for some time, the preval ence of
beaks in the whales strongly indicates an abundance of octopus in the
vicinity of Point Hope, although perhaps sone distance to the south.
The nmaxi num nunmber of beaks in a single whale was 625. Based on
nmeasurenents of | ower crest length, the nmean weight of the octopus
consumed by that belukha was 205 g; therefore, approxinately 128 kg of
octopus was consuned, enough to supply the food intake requirenents of a
belukha wei ghing 700 kg for four days. W conclude that octopus are a
potentially significant food of belukhas during the spring mgration.

The percentage of enpty stonmachs during the spring magration was high.
Overall, at Point Hope 45 of 63 stomachs we exanmined were enpty. At the
same tinme of year nearly all stomachs of belukhas taken at Wi nwight
and Barrow are usually enpty (R Tremaine, personal conmmunication). At
Point Hope a much higher proportion of stomachs was enpty in 1977 than
in 1978. The difference is not significant (x*= 2.016 P > 0.10) but
nonet hel ess suggests a difference in conditions which affect feeding.
In 1977 nost of the whal es were taken during periods with unobstructed
| eads south of Point Hope which allcwed belukhas to nove steadily
northward. Stomach contents of those whales were dom nated by octopus
beaks which may represent prey eaten several days earlier. 1In 1978 all
t he belukhas were taken in 12 hours imediately follow ng the fornation
of a nearshore |ead which had previously been kept closed by southerly
winds.  Numerous belukhas were seen in openings in the ice southeast of
Poi nt Hope. \hales taken inmediately follow ng the opening of the |ead
contai ned small anounts of recently eaten prey, largely crangonid
shrinp. It appears that belukhas sometines feed during their spring
mgration when their northward novenent is prevented by ice.

Sumer Feeding in Coastal Areas

Fi shes were the dom nant itemin the stomachs of belukhas taken in
coastal waters during sunmer. In the northern Bering and southern
Chukchi seas, saffron cod were by far the nost commonly eaten species,
occurring in 104 of 113 belukhas taken at Eschscholtz Bay and in all

t hree belukhas taken at Elim. Sculpins were eaten |ess commonly,
occurring in 37 of the whales from Eschscholtz Bay and in two of the
whal es from Elim. The total quantity of sculpins and saffron cod
represented by otoliths in belukha stomachs fromElimin 1977 and
Eschscholtz Bay in 1978 was cal cul ated (Table 7). The estinmated amount
consuned was about 28 tines larger at Elim due to the greater nunber of
otoliths in the stomachs and the |arger individual size of fishes
consumed. The differences in nunmbers of otoliths found in belukhas from
the two areas may be the result of differences in |location of feeding,
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Table 7. Estimated quantities of fishes consuned by an average belukha
whal e taken near Elim (June 1977) and in Eschscholtz Bay (June

1978) .
Saffron Cod Sculpins Total
Esti mat ed Esti mat ed Esti mated
Mean Mean Anmount Mean Mean Anmount Amount
Nunber Wi ght  Consuned Nunmber Wi ght Consuned Consuned
Locati on Consuned (9) (ko) Consuned (9) (kg) (kg)
Elim 1, 300 40.0 52.0 18 524.6 9.4 61. 4
Eschscholtz
Bay 63 17.7 1.1 8 131.7 1.1 2.2
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time when killed, and feeding conditions. The hunters from Elim said

t he belukhas were actively feeding when first sighted, as further
indicated by the presence of several intact fish in the stomachs. The
belukhas were noving westward away from Norton Bay. In nost instances,
belukhas taken in Eschscholtz Bay had probably eaten in Kotzebue Sound
before entering the bay, though in 1982 they were feeding in the bay as
indicated by the larger than usual quantities of food in their stonachs.
In June belukhas enter Eschscholtz Bay on the rising tide and are
normal |y intercepted and hunted Wi thin about one to two hours after
entering. It is also noteworthy that because of their much larger size,
sculpins are nore inportant in the diet than is indicated by the
relative nunbers consunmed (Table 7).

Al our sanples from Kotzebue Sound were obtained in June from
Eschscholtz Bay. Curtis (19301 found that saffron cod was the nost
common itemin belukhas taken in northern Kotzebue Sound near Sheshalik
mostly in late June. Hunters from Kotzebue who have hunted nmany years
near Sheshalik informed us that saffron cod were common in belukha
stonmachs and that shrinp and salmon were occasionally found. Belukha
hunting at that locale usually ended before salmon arrived. Belukhas
sonetimes return to Eschscholtz Bay after the June-early July hunt and
are occasionally seen in large nunbers (Seaman, unpublished) . They may
feed on salnmon in late July and August. Hunters in Eschscholtz Bay
report that saffron cod, sculpins, and herring are conmon itens in
belukha stomachs. Herring normally appear in md-June to July,
generally after the hunts from which we obtained sanples in 1978-82.
Snelt appear in Eschscholtz Bay and the Buckland River in greatest
nunbers in May and early June.

The feeding of belukha whales inhabiting Bristol Bay in spring and
sumrer was studi ed by Brooks (1954-1956) and sunmarized by Klinkhart
(1966) . Brooks (1954) and Lensink (1961) found a close relationship

bet ween prey abundance and belukha distribution and novenents.  Bel ukhas
are present in Kvichak and Nushagak bays in |arge numbers in My through
August . They are attracted to these rivers in early My by large
concentrations of outmigrating snmelt. As soon as ice cover on the
rivers breaks up, belukhas frequently nove upstream on flooding tides,
apparently in pursuit of smelt. At the end of My whales shift from
eating snelt to sockeye sal mon fingerlings, which continue to be the
predominant food itenms until about mid-June. In md-June adult salmon
become the primary prey. The frequency of occurrence of different
species of salnon is directly correlated to their abundance; sockeye

sal mon predomnating in stomachs in the first three weeks of July and
other salnon species in late July and August (Brooks 1955). In addition
to salnon and snelt, flounder, sole, sculpin, blenny, |anprey, two types
of shrimp, and nussels were also reported in the stomachs exam ned. The
t hree belukha stomachs we exami ned generally agree with the pattern
descri bed by Brooks.

Nel son (1887) reported on feeding of belukhas al ong the Yukon-Kuskokw m
Delta. Near Saint Mchael (southern Norton Sound), the first belukhas
seen inspring arrived 5-10 June, coinciding with the arrival of

spawni ng herring which they followed into bays and inlets. These
observations are in agreement with those of G ddings (1967) who
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frequently saw belukhas near Cape Denbigh (northeastern Norton Sound)
foll owing schools of herring in June. Also, the people of Stebbins,
Unalakleet, and Shaktoolik reported that they frequently see belukhas
follow ng schools of herring into Norton Bay. While surveying herring
schools, Barton (personal conmmunication) saw nunerous belukhas
associated with herring concentrations on 30 May 1978 near Golovnin Bay
(northern Norton Sound), and somewhat |ater near Nome.

Nel son (1887) found that belukhas fed heavily on saffron cod in the
mout hs of many tidal creeks between Saint Mchael and the Kuskokwi m
River. He found the nouths of these tidal creeks to abound in saffron
cod between midsummer and freezeup. \Whales actively fed on saffron cod
t hroughout this period, ascending rivers after darkness and returning by
daylight. W observed numerous belukhas in association with schools of
saffron cod near Golovnin Bay in | ate Septenber 1981. Informants from
several villages in Norton Sound have reported sal mon in belukha
stonachs in July and early August. Fishermen from Elim who annually
fish near the northern Yukon Delta frequently see belukhas near the
mouths of this river while salnon are present. (One fisherman reported
t aki ng belukhas with recently ingested chum sal nbn (Oncorhynchus keta)
in their stomachs. It appears that salnon are inportant t0 belukhas
when available, but that saffron cod are probably of greater inportance
because they are avail abl e and abundant over a |l onger period of tinme.

Large nunbers of belukhas utilize the coastal and | agoon waters adjacent
t 0 Kasegaluk Lagoon (northern Chukchi Sea) from late June to August. No
stomachs have been examned from whales in this region but observations
of fish abundance, belukha behavi or and nmovenments, and past exami nation
of stomach contents by hunters suggests some species which nmay be
important food itenms. Fish frequently caught by subsistence fishernen
inthis area in June, July, and August include sculpins, arctic char
smelt, saffron cod, whitefish, and capelin (Mallotus villosus) . I|n
addition, salnon are caught in July and August. Certain regions of
Kasegaluk Lagoon such as Utukok and Akoliakatat Passes are known for
better fishing. Large concentrations of spotted seals (Phoca largha)
are found in guly and August in those areas.

The hunters of Point Lay believe that belukhas cone to the Kasegaluk
Lagoon area to feed. According to hunters, the stonmachs from whales
arriving in the area in late June or early July frequently contain
shrinp, octopus or squid, and small fish. The first belukhas di scovered
and killed in the I agoon have usually eaten fish; at |east sculpins,
snelt, and char. The hunters reported that contents were highly
digested and difficult to identify. Stonmachs of whales taken from | arge
| ocalized concentrations in the passes of the lagoon were usually enpty
or contained digested fish remains.

On 10 July 1979 one of us (G Seanman) observed several hundred belukhas
for a period of six hours. The whales followed the coast within 50 m of
shore, near Point Lay. They characteristically surfaced two to four
tines, then dove and renained subrmerged for 30 to 180 seconds
Cccasionally a whale would remain near the observation site for five

m nutes making several dives and then continuing northward. On 9 and 10
July large schools of capelin were observed near the beach and
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occasionally washed up on shore. It appeared that belukhas were
following and feeding on capelin. The residents of Point Lay said
capelin occur off Kasegaluk Lagoon in very large nunbers for a short
period in md-July of nbst years. Capelin are probably very inportant

t 0 belukhas during periods when they are present in the area, but they
do not occur every year. A simlar condition of occasional inportance
of capelin to belukhas was observed by viadykov (1946) in the Saint

Law ence estuary, Doan and Douglas (1953) in Hudson Bay, and Kleinenberg
et al. (1964) in Soviet waters

After belukhas | eave Kasegal uk Lagoon they often nmove northward al ong
the coast and pass Wainwight. Qur sanples indicate that rainbow snelt
may be a major food near there. Capelin also spawn on the beaches near
Wainwight. W have received specinmens collected on the beach in front
of the village on 16 July 1978 (Lowy and Frost, unpublished)

Sex- and Age-related Differences in Foods

Qur collections from Eschscholtz Bay give strong evidence of a
difference in the selection of food by belukhas of different ages and
sexes.  Sexual dimorphismoccurs in belukhas with femal es substantially
smal l er than males of the sane age (Sergeant and Brodie 1969). Although
the conponents of the food found in younger and ol der whales of both
sexes were similar, older belukhas had eaten significantly |arger
saffron cod and nales had eaten significantly nore sculpins whi ch were
of a much larger size than saffron cod. This suggests that the snaller
whal es prefer snmaller fish and the |arger belukhas select for |arger
fish.  vladykov (1946) found the same to be true in the Qulf of Saint
Law ence where young belukhas and females ate small fish and shrinp, and
adult males, in addition to the smaller prey, had eaten |arge cods
(Gadus spp.) which were rarely eaten by small belukhas and fenal es.
Kleinenberg et al. (1964) showed a sinmilar preference for prey by
belukhas of different size and sex classes in waters of the Sovi et

Uni on.

Autum and Wnter Foods

Al t hough no stomach sanples are avail abl e from belukha whal es in autum
and winter, their probable foods can be inferred from distribution and
abundance of potential prey. ©Pollock (Theragra chalcogramma) i S the
most abundant species of finfish in the vicinity of the ice front
(Pereyra et al. 1976) and is probably a nejor belukha food in this area.
Based on the stomach contents of ringed seals (Phoca hispida), arctic
and saffron cods are by far the nost abundant forage fishes in the
northern Bering Sea in autum and winter (Lowy et al. 1980) . Arctic
cod are the nost inportant single itemin the winter diet of belukhas
over much of their range, and thus the winter novenents of belukhas are
closely tied to the distribution of arctic cod (Lgng and @gynes 1961

Kl ei nenberg et al 1964; Tarasevich 1974). Saffron cod nay al so be an

i mportant autumm and wi nter food of belukhas in some portions of the
Bering Sea. Residents of Gambell note that belukhas are frequently seen
along the western and southern shores of Saint Lawence Island where
prevailing northeasterly winds keep the coast free of ice throughout
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most of the winter. The presence of belukhas in this area in winter is
closely linked to abundance of saffron cod along the shores

In addition to pollock and arctic cod, nmany other species of denersal

sem denersal, and pelagic fishes occur in the Bering Sea in autum and
winter and are certainly eaten at tines by belukhas. Spawning snelt are
abundant in some coastal areas in autum. Shrinps and octopus nay be
eaten in quantities in some areas. However, based on observations of
belukha foods in other areas and seasons, and the winter distribution
and abundance of potential prey, we speculate that in the Bering Sea the
bulk of their autum and winter diet is conposed of arctic and saffron
cods in northern areas and pollock in southeastern and southcentral

regi ons.
Trophic Interactions

Belukha whal es are large and nay be locally very abundant. Their
foraging activities mght therefore be expected to affect stocks of
fishes on which they feed. Brooks (1955) estimated the number of adult
sal non consuned by belukhas in Kvichak Bay as approximately 196,000 in
1954 and 99,000 in 1955. He also estimated that about three mllion red
sal non snmelt were eaten each season. This predation was considered
significant in light of the depleted red salmon stocks. Frost et al
(1984) estimated that in 1983, belukhas in the Kvichak River consuned
about six mllion red salnmon snelt and 283,000 adult salnmon (182,000 red
salmon and 101,000 other species) . This consunption anounted to about
5% of the average annual snelt outmigration, 1% of the commercial catch
of adult red salnon, and 9% of the commercial catch of other sal non

speci es.

The species of prey consuned by belukha whales are al so mgjor foods of
ot her species of cetaceans and pinnipeds in the Bering and Chukchi seas
(Johnson et al. 1966; Frost and Lowy 1981b; Lowy and Frost 1981).
Gadid fishes (arctic and saffron cods and pollock), herring, capelin,
and snelt are of particular inportance in the diet of at |east six
speci es of pinnipeds and four species of cetaceans. sculpins, shrinps,
and octopus are of secondary inmportance in the diet of both seals and
belukhas. Saffron cod and sculpins eaten by belukhas are general ly

| arger than those eaten by seals (Lowy and Frost, unpublished), while
arctic cod, capelin, snelt, and herring consuned by belukhas and seal s
are probably of simlar size classes. Potential conpetition for food
may be particularly great between belukhas and spotted seals since the
distribution and food habits of these species overlap broadly throughout
much of the year (Lowy and Frost 1981 and unpublished) . The nunber of
fish-eating pinnipeds in the Bering and chukchi seas is difficult to
estimate at present, but certainly exceeds two mllion. Gven the broad
dietary overlap with pinnipeds and the relatively much snaller

popul ati on of belukha whales, limtation of the belukha popul ation

t hrough conpetition for food appears to be a possibility. |[If so, the
carrying capacity of the Bering-Chukchi system for belukha whal es (as
expressed by popul ation size and productivity) nmay be influenced by
foraging activities and popul ation sizes of other species of narine
mammal s.  In addition, commercial fisheries, particularly for herring
and sal mon in coastal areas of the Bering and cChukchi seas and for
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groundfish in the southeastern and central Bering Sea, renove great
quantities of some nmarine mammal forage fishes (e.g., Pruter 1976; Lowy
et al. 1979). The conbined effects of predation and comercial fishing
on fish stocks and the possible resultant effects on marine nammal

popul ations remain unclear at present. However, a significant potential
exists for interactions between belukha whal es and conmercial fisheries
(Lowy et al. 1984).
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