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ABSTRACT

Stomach contents of 250 Steller sea lions, Eumetopias jubatus, collected in the Gulf of Alaska consisted
by volume of 95.7% fishes, 4.2% cephalopods, <0.1% decapod crustaceans, <0.1% shelled-gastropods,
and <0.1% mammals. The 10 top-ranked prey were walleye pollock, Theragra chalcogramma; squids,
Gonatidae; Pacific herring, Clupea harengus pallasi; capelin, Mallotus villosus; Pacific cod, Gadus
macrocephalus; salmon, Oncorhynchus spp.; octopus, Octopus sp.; sculpins, Cottidae; flatfishes,
Pleuronectidae; and rockfishes, Scorpaenidae. Walleye pollock was the predominant prey, composing
about 58% of the total volume and occurring in 67% of the stomachs with food. Predation on capelin and
salmon appeared to be largely limited to spring and summer when these species were abundant in
nearshore waters. Utilization of walleye pollock by sea lions appeared to have increased between
1958-60 and 1975-78, perhaps because of an increase in the relative abundance of walleye pollock.
There was nearly complete overlap in the diet of sea lions and the harbor seal, Phoca vitulina richardsi.
Potential competition may have been ameliorated by differences in distribution, differing diving

capabilities, a more diverse diet for harbor seals and use of larger prey by sea lions.

The importance of knowledge of diets of marine
mammals has become increasingly apparent with
the recent emphasis in offshore oil and gas devel-
opment and the resulting potential for reduction
or change in composition of prey resulting from
pollution (Evans and Rice 1974). These data are
also needed by both fisheries and marine mammal
managers, particularly since recent legislation
(The Marine Mammal Protection Act of 1972;
United States PL 92-522 and The Fishery Conser-
vation and Management Act of 1976; PL 94-265)
requires management based on ecosystem con-
cerns.

Between 1975 and 1978 I studied prey utiliza-
tion by the Steller sea lion, Eumetopias jubatus, in
the Gulf of Alaska from Cape Suckling to Sanak
Island (Figure 1). This area contains an estimated
110,000 to 140,000 sea lions, 10 breeding rookeries,
and a mimimum of 50 hauling areas and is consid-
ered to be the center of abundance for the species
(Calkins and Pitcher?).

Several prior studies of sea lion foods (Imler and
Sarber 1947; Mathisen et al. 1962; Thorsteinson
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and Lensink 1962; Fiscus and Baines 1966), al-
though limited in geographic and seasonal cover-
age, provide a base for comparisons of prey use
over time. Historical records of prey abundance
(Pereyra and Ronholt®) provide valuable insight
into prey utilization. The results of a concurrent
study of harbor seal, Phoca vitulina richardsi,
foods (Pitcher 1980) allowed me to compare prey
utilization of these two resident pinnipeds with
largely overlapping distributions.

METHODS

Between 1975 and 1978, 250 sea lions were col-
lected by shooting from nearshore waters,
rookeries, and hauling areas of the Gulf of Alaska
(Table 1). Stomach contents were removed in the
field, wrapped in muslin, and preserved in 10%
Formalin.* In 15 cases, when large amounts of
freshly eaten prey occurred, the prey were
weighed, identified from external characteristics,
and disposed of in the field. Volume (cubic cen-
timeters) and weight (grams) of prey were as-
sumed to be equal in these samples (Fiscus and

Pereyra, W.R.,and L. L. Ronholt. 1976. Baselinestudiesof
demersal resources of the northern Gulf of Alaska shelf and
slope. U.S. Dep. Commer.,, NOAA Processed Rep. NMFS
NWFC, 281 p.

“Reference to trade names does not imply endorsement by the
National Marine Fisheries Service, NOAA.
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FIGURE 1.—Portion of the Gulf of Alaska
where Steller sea lion prey utilization

studies were conducted.
B4

T T Y Y T T

e2*
60°

68°

L.

N

GULF OF ALASKA

100 (] 100 200 300 400 km
[ e e

50 9 50 100 150 200 m}
i ye—— qs4

L i
148¢ 144

TABLE 1.—Comparison of seasonal and geographical distributions of 548 harbor seals and 250 Steller sea lions collected in the Guif of
Alaska. Numbers in the table are percentages of the samples taken during a particular season or in a geographical area.

. Northeastern Prince Lower Cook Alaska
Species Winter Spring Summer Fall Gulf of Alaska ~ William Sound? Kenai Inlet Kodiak Peninsula
Harbor seals 21.7 443 13.3 20.7 87 35.8 10.9 6.8 36.7 4.2
Steller sea lions 284 35.2 6.0 30.4 44 37.2 17.2 1] 34.4 6.8

'Includes 45 harbor seais from the Copper River Delta,

Baines 1966). For all other samples, volumes and
occurrences of the various prey categories were
determined in the laboratory. Prey identifications
were based primarily on skeletal materials, par-
ticularly fish otoliths and cephalopod mandibles
(beaks) (Fitch and Brownell 1968; Pinkas et al.
1971). Otoliths and other skeletal components
from fish were identified to the lowest taxon possi-
ble by comparison with reference materials.

Food habit data were organized and examined
as percentage of occurrence (number of stomachs
in which a prey item occurred/total number of
stomachs with food) and percentage of total vol-
ume (total volume of a prey item/total volume of
all stomach contents). Confidence intervals for
percentages of occurrence were calculated from
tables presented by Rohlf and Sokal (1969). In the
percent occurrence analysis, unimportant small
but numerous organisms may be dispropor-
tionately evident (Perrin et al. 1973) as may
species which have hard parts which resist diges-
tion (Fiscus and Baines 1966). Volumetric analyses
are distorting because various organisms are di-
gested at different rates and because contents are
at different stages of digestion when the collec-
tions are made (Perrin et al. 1973).
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A combination rank index (CRI) was devised to
integrate volumetric and occurrence data into a
single indicator of prey use. Each prey category
was ranked in descending order of percentage of
occurrence and percentage of volume. The two
rankings for each prey category were multiplied
together to produce the CRI.

To compare sizes of walleye pollock, Theragra
chalcogramma, eaten by Steller sea lions and har-
bor seals, random samples of walleye pollock
otoliths recovered from stomachs were measured
(total length). Fork lengths of the fish were then
estimated, using a formula derived from regres-
sion analysis of otolith length and fish length
(Frost and Lowry 1981). Estimated mean fork
lengths are given in Table 2.

TABLE 2.—Estimated mean fork lengths based on otolith
lengths, of walleye pollock eaten by Steller sea lions and harbor
seals.

Item Sea lions Harbor seals
Otolith measurements, no. 2,030 2,180
Estimated mean fork length, cm 29.8 19.2
Standard deviation, cm 11.6 9.6
Range, cm 5.6-62.9 4.2-53.2
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RESULTS AND DISCUSSION

Prey items were found in 153 of 250 sea lion
stomachs examined. Fishes made up 95.7%,
cephalopods 4.2%, decapod crustaceans <0.1%,
shelled gastropods <0.1%, and mammals <0.1% of
the volume of stomach contents (Table 3). Fishes
included 14 species representing 11 families.
Gadidae composed 59.7% of the total stomach con-
tents and occurred in 82.4% of the stomachs with
food. Walleye pollock was by far the dominant prey
composing 58.3% of the total volume of stomach
contents and occurring in 66.7% of the stomachs
with food. Cephalopod remains occurred in 36.6%
of stomachs with contents but made up only 4.2%

TABLE 3.—Stomach contents of 153 Steller sea lions collected in

the Gulf of Alaska.
Occurrence’ Volume
Prey No. %? 95%C. 13 mi %t
Gastropoda:

Shnails 2 13 0.1-45 20 <0.1
Cephalopoda 56 366 29.5-45.0 15,777 4.2

Octopus, Octopus sp. 20 131 8.2-19.2 250 <.

Squids, Gonatidae 35 229 16.7-30.4 15,507 42

Unidentitied cephalopods 1 7 1-4.5 20 <t
Decapoda 11 72 36-12.2 130 <.1

Shrimps 8 52 2297 100 <1

Snow crab, Chionoecetes sp. 2 1.3 1-45 20 <1

Spider crab, Hyas sp. 1 7 1-4.5 10 <1
Unidentified invertebrates 1 7 .1-45 10 <1
Rajidae:

Skate, Raja sp. 1 7 .1-4.5 960 3
Clupeidae:

Pacific herring, Clupea h.

pallasi 16 105 58-158 76920 20.6
Salmonidae:

Salmon, Oncorhynchus spp. -] 39 1584 19,160 5.1
Osmeridae:

Capelin, Mallotus villosus 16 105 58-15.8 27,755 7.4
Gadidae 126 824 75.1-87.6 222,772 597

Saffron cod, Eleginus

gracilis 2 13 145 815 2

Pacific cod, Gadus

macrocephalus 19 124 741841 3.471 9
Pacific tomcod, Microgadus

proximus 1 7 1-4.5 680 2
Walleye pollock, Theragra

chalcogramma 102 66.7 59.1-74.3 217,746 58.3

Unidentified gadid 2 1.3 1-4.5 60 <1
Zoarcidae:

Eelpout, Lycodes sp. 1 7 .1-4.5 10 <.1
Scorpasenidae:

Rockfishes, Sebastes spp. 4 26 1.0-71 3,030 .8
Cottidae, sculpins 6 39 1584 4,960 1.3
Agonidae:

Sturgeon poacher, Agonus

acipenserinus 1 7 1-4.5 60 <A
Trichodontidae:
Pacific sandfish, Tri-
chodon trichodon 2 13 1-45 300 <A1
Pleuronectidas, flatfishes 7 46 2297 1,030 .
Unidentified fishes 4 26 1071 40 <t
Harbor seal, Phoca v.
richardsi 1 7 .1-45 250 <A1
Total volume 373,184

TNumber of stomachs in which a prey item occurred.

2Number of occurrences/total number of stomachs with food (153).
395% confidence interval.

“Total volume of a prey item/total volume of stomach contents.

of the total volume of stomach contents. This ap-
parent disparity was probably the result of reten-
tion of cephalopod beaks in stomachs (Pitcher
1981) and the volumetric measurement was prob-
ably the most accurate measure of importance of
cephalopods in the sea lion diet. Invertebrates
other than cephalopods were found in 9.2% of the
stomachs with food but composed <0.1% of total
volume. Remains of two harbor seals were found in
one stomach. Major prey were ranked (Table 4)
using CRI.

TABLE 4.—Rankings by combination rank index (CRI, see
Methods) of the 10 top-ranked prey of Steller sea lions collected
in the Gulf of Alaska.

Percentage Percentage
Rank CRI Prey occurrence volume
1 1 Walleye pollock 66.7 58.3
2 10 Squids 229 4.2
3 11 Pacific herring 10.6 20.6
4 16.5 Capslin 105 7.4
5 28 Pacific cod 124 9
6 38 Salmon 3.9 5.1
7 51 Octopus 131 <A
8 57 Sculpins 3.9 1.3
9 76 Flatfishes 4.6 3
10 88 Rockfishes 2.6 .8

Predation on salmon, Oncorhynchus spp., and
capelin, Mallotus villosus, appeared to be largely
limited to spring and summer. Salmon occurred in
6 (12%) and capelin in 15 (30%) of 50 stomachs
containing food collected from April through Sep-
tember. Salmon was not encountered and capelin
was found only once (1%) in 103 stomachs contain-
ing food collected from October through March.
This likely reflected seasonal, nearshore distribu-
tion associated with spawning in these species
(Hart 1973; Jangaard 1974). I found a similar sea-
sonal pattern of harbor seal predation on salmon
and capelin in the Gulf of Alaska (Pitcher 1980).

Pacific herring, Clupea harengus pallasi, and
squids were extensively used by sea lions in Prince
William Sound but appeared to be relatively un-
important in other areas. Fifteen of 16 stomachs
containing Pacific herring and 30 of 35 stomachs
containing squids were from Prince William
Sound both highly significant deviations (* =
12.30 and 16.61, P <0.001) from expected values
based on the distribution of stomachs containing
food (73 of 153 were from Prince William Sound).
Harbor seals also appeared to utilize more squids
and Pacific herring in Prince William Sound than
in other areas of the gulf, which was attributed to
differing water depths and bottom topography
(Pitcher 1980).
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Three studies of sea lion foods in which a total of
135 stomachs containing food were examined were
conducted in the Gulf of Alaska between 1958 and
1960 (Mathisen et al. 1962; Thorsteinson and Len-
sink 1962; Fiscus and Baines 1966). Major prey
included shelled mollusks; cephalopods; Pacific
sand lance, Ammodytes hexapterus; rockfishes;
and smelts. Because geographic and seasonal
composition of these samples and my collections
were not strictly comparable (previous collections
were nearly all near rookeries during the breeding
season, while I sampled throughout much of the
year at a wide range of locations) strict compari-
sons of the data are not possible. However, one
major difference was apparent; walleye pollock,
the predominant prey in my sample, was not found
in the earlier studies. Concurrent with this appar-
ent increase of walleye pollock in the sea lion diet
has been an increase in walleye pollock abundance
in the Gulf of Alaska. Between 1961 and 1973-75
walleye pollock increased from 5 to 45% by weight
of total demersal fish stocks and was found to be
the predominant species (Pereyra and Ronholt
footnote 3).

One additional collection of seven sea lions was
made in 1945 (Imler and Sarber 1947). Walleye
pollock and flatfishes were the major foods.

Harbor seals and Steller sea lions are the only
abundant pinnipeds resident in nearshore regions
of the Gulf of Alaska. Food habit studies of both
species were conducted concurrently; both sea
lions and harbor seals (Pitcher 1980) frequently
were collected on the same trips. This resulted in
relatively comparable geographic and seasonal
coverage (Table 1). Results of the two studies were
similar (Table 5) with nearly complete overlap of
principal prey. Spearman rank correlation analy-
sis showed a significant positive correlation (ry =
0.67, P <0.01) between the rankings of principal
prey eaten by both sea lions and harbor seals. The
percentage of cephalopods eaten by both predators
was similar; however, sea lions ate more squids
while harbor seals consumed more octopus. Wall-
eye pollock was the top-ranked prey of both sea
lions and harbor seals; however, the percentage of
occurrence was nearly twice as high for sea lions
(66.7%) as for harbor seals (34.9%). Eulachon,
Thaleicthys pacificus, and Pacific sand lance were
both evident components of the harbor seal diet
(occurring in 8.2% and 7.1% of the stomachs, re-
spectively) but were not recorded as food of sea
lions during this study. Most eulachon occurrences
were from harbor seals collected in freshwater and
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estuarine habitats of the Copper River Delta
(Pitcher 1980) where no sea lions occurred.

Although use of prey by sea lions and harbor
seals was similar, several factors may have
ameliorated potential competition. Mean length of
walleye pollock eaten by sea lions was signifi-
cantly greater (¢ = 32.4, P<0.001) than for those
eaten by harbor seals, based on otoliths recovered
from stomachs (Table 2). This may indicate a ten-
dency towards use of larger prey by sea lions. Al-
though distribution of the two species often over-
laps in the Gulf of Alaska, sea lions range farther
offshore (Fiscus et al.?). In addition, harbor seals
often use freshwater and estuarine habitats rarely
used by sea lions in the Gulf of Alaska. Harbor seals
can probably stay submerged for considerably long-
er periods than sea lions (R. Elsner®) which may
allow them to more efficiently utilize cryptic and
solitary prey such as octopus and flatfishes. Al-
though use of principal prey between the two
species was similar, harbor seals had a more di-
verse diet. They preyed upon a minimum of 31
species (Pitcher 1980) compared with 20 for sea
lions. Both sea lions and harbor seals appeared to
modify their diets according to prey availability.
Several lines of evidence led to this hypothesis.
Walleye pollock, the predominant prey of sea lions
and harbor seals, was the most abundant species of
demersal fish in the area. Similar seasonal and
geographic variations in the diets of both species
were found which probably reflected use of abun-
dant and readily available prey at that time and
location. There were apparent changes over time
in the relative composition of the sea lion diet
(primarily walleye pollock) which appeared to cor-
relate with changes in prey abundance. Also, re-
ports in the literature indicated use of different
prey in other geographic regions (Spalding 1964;
Fiscus and Baines 1966).

Four of the five, top-ranked prey of both sea lions
and harbor seals (Table 5) were off-bottom school-
ing species. Many of the important prey reported
in other studies of Steller sea lion foods also fit into
this category and include Pacific herring; smelts;

Fiscus, C. H., H. W. Braham, R. W. Mercer, R. D. Everitt, B. D.
Krogman,P.D. McGuire, C, E. Peterson, R. M. Sonntag,and D.E.
Withrow. 1976. Seasonal distribution and relative abundance
of marine mammals in the Gulf of Alaska. In Environmental
assessment of the Alaskan Continental Shelf, Vol. 1, p. 19-264.
Principal investigators reports for October-December 1976. En-
vironmental Research Laboratories, NOAA, Boulder, Colo.

°R. Elsner, Professor of Physiology, Institute of Marine Sci-
ence, University of Alaska, Fairbanks, AK 99701, pers, commun.
January 1980.
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TABLE 5.—Comparative frequency of principal prey (N=4) of 250
Steller sea lions and 548 harbor seals collected in the Gulf of Alaska

between 1973 and 1978.

Steller sea lion occurrence

Harbor seal occurrence’

Prey Rank No. % 95%C.l2 Rank No. % 95%C.l2
Walleye pollock 1 102 66.7 59.1-74.3 1 94 349 29.4-409
Squid 2 35 229 16.7-30.4 8 20 74 43107
Octopus 3 20 131 82-19.2 2 77 28.6 23.8-347
Pacific cod 4 19 124 7.4-18.1 5 28 104 6.8-141
Pacific herring 55 16 105 58-15.8 4 29 108 7.6-153
Capetlin 55 16 10.5 58-158 3 40 149 11.1-198
Shrimps 7 8 52 2297 10 17 63 3.6-95
Flatfishes 8 7 486 2297 6 23 86 6.0-13.0
Salmon 9.5 6 39 1584 13 9 33 1457
Sculpins 9.5 6 39 1584 1.5 10 3.7 2170
Rockfishes 11 4 26 10741 17 4 15 0234
Saffron cod 12,5 2 13 0.1-45 16 5 1.9 0844
Pacific sandfish 12.5 2 13 041445 115 10 3.7 2170
Pacific tomcod 14.5 1 .7 0.1-45 14 7 26 1457
Eelpouts 14.5 1 .7 0.1-45 15 6 22 0844
Eulachon 16.5 0 .0 0024 7 2 82 52118
Pacific sand lance  16.5 0 0 00-24 ) 18 7.1 43107
Others 16 31

Stomachs with food 153 269

'Pitcher (1980).
295% confidence interval.

Pacific cod, Gadus macrocephalus; Pacific whiting,
Merluccius productus; walleye pollock; rockfishes;
and Pacific sand lance (Imler and Sarber 1947;
Spalding 1964; Fiscus and Baines 1966). Use of this
prey type may be important in minimizing forag-
ing effort and conserving energy, compared with
the energy expenditures of capturing more soli-
tary species (Smith and Gaskin 1974; Pitcher
1980).

ACKNOWLEDGMENT'S

This study was supported by the Bureau of Land
Management through an interagency agreement
with the National Oceanic and Atmospheric Ad-
ministration, under which a multiyear program
responding to needs of petroleum development of
the Alaskan continental shelf is managed by the
Outer Continental Shelf Environmental Assess-
ment Program (OCSEAP) office.

Thanks are due to Clifford Fiscus, John Fitch,
Kathryn Frost, and Lloyd Lowry for identifying
prey remains. I am grateful to Roger Aulabaugh,
Michael Bronson, and Dennis McAllister for their
help in sorting stomach contents and tabulating
data. SuzAnne Miller provided advice on statisti-
cal techniques. Many employees of the Alaska De-
partment of Fish and Game assisted me in field
activities. Donald Calkins, Clifford Fiscus, Kath-
ryn Frost, Lloyd Lowry, and Donald McKnight
critically reviewed drafts of the manuscript.

LITERATURE CITED

EVANS, D. R, AND S. D. RICE.

1974. Effects of oil on marine ecosystems: A review for
administrators and policy makers. Fish. Bull.,, U.S.
72:625-638.

Fiscus, C. H,, AND G. A. BAINES.

1966. Food and feeding behavior of Steller sea lions and

California sea lions. J. Mammal. 47:192-200.
FITCH, J. E., AND R. L. BROWNELL, JR.

1968. Fish otoliths in cetacean stomachs and their impor-
tance in interpreting feeding habits. J. Fish. Res. Board
Can. 25:2561-2574.

FROST, K. J., AND L. F. LOWRY.

1981. Trophic importance of some marine gadids in north-
ern Alaska and their body-otolith relationships. Fish.
Bull.,, U.S. 79:187-192.

HART, J. L.

1973. Pacific fishes of Canada.
Bull. 180, 740 p.

IMLER, R. H,, AND H. R. SARBER.

1947. Harbor seals and sea lions in Alaska.
Wildl. Serv,, Spec. Sci. Rep. 28, 23 p.

JANGAARD, P M.

1974. The capelin (Mallotus villosus) biology, distribution,
exploitation, utilization, and composition. Fish. Res.
Board Can., Bull. 186, 70 p.

MATHISEN, O. A, R. T. BAADE, AND R. J. LOPP.

1962. Breeding habits, growth and stomach contents of the

Steller sea lion in Alaska. J. Mammal. 43:469-477.
PERRIN, W. F,, R, R. WARNER, C. H. FISCUS, AND D. B. HOLTS.

1973. Stomach contents of porpoise, Stenella spp., and yel-
lowfin tuna, Thunnus albacares, in mixed-species aggre-
gations. Fish. Bull,, U.S. 71:1077-1092.

PINKAS, L., M. S. OLIPHANT, AND I. L. K, IVERSON.

1971. Food habits of albacore, bluefin tuna, and bonito in
California waters. Calif. Dep. Fish Game, Fish Bull. 152,
105 p.

Fish. Res. Board Can.,

U.S. Fish

471



PITCHER, K. W.
1980. Food of the harbor seal, Phoca vitulina richardsi, in
the Gulf of Alaska. Fish. Bull., U.S. 78:544-549.
1981. Stomach contents and feces as indicators of harbor
seal, Phoca vitulina, foods in the Gulf of Alaska. Fish.
Bull., U.S. 78:797-798.
ROHLF, F. J., AND R. R. SOKAL.
1969. Statistical tables. W. H. Freeman, San Franc.,
253 p.
SMITH, G. J. D., AND D. E. GASKIN.
1974. The diet of harbor porpoises (Phocoena phocoena

472

FISHERY BULLETIN: VOL. 79, NO. 3

[L.} in coastal waters of Eastern Canada with special
reference to the Bay of Fundy. Can.d.Zool. 52:777-782.

SPALDING, D. J.
1964. Comparative feeding habits of the fur seal, sea lion
and harbour seal on the British Columbia coast. Fish.

Res. Board Can., Bull. 146, 52 p.

THORSTEINSON, F. V., AND C. J. LENSINK.
1962. Biological observations of Steller sea lions taken
during an experimental harvest. J. Wildl. Manage.
26:353-359.



