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ABSTRACT
Data recorded from the stomach contents of 18,404 northern fur seals, Callorhinus 1I.rBinus, mostly
females aged >8 years collected off western North America during 1958-74, were analyzed to determine
the relative importance of each prey species by region, subregion, and month. When weighted for energy
content, the primary food species were small schooling fishes. Between western Alaska and California
from December to August the most significant prey species were northern anchovy, Engra1l.liB mordaa:
(20%); Pacific herring, Cl1l.pIla harengus pallasi (19%); capelin, MallotU8 viU081I8 (8%); Pacific sand lance,
Ammod1lteB h.e:l:apterU8 (8%); Pacific whiting, Merl'UCCius productU8 (7%); salmon, Oncorhynchus spp.
(6%); Pacific saury, CololabiB Baira (4%); and rockfishes, SBbasteB spp. (4%). Other food species eaten
in this area consisted of a wide variety of squids (17%) and other fishes (7%). In the eastern Bering Sea
the main prey species from June to October were juvenile walleye pollock, T1r.eragra chalcogramma (85%);
capelin (16%); Pacific herring (11 %); and squids, Berryteut1r.iB magister and GonatopBiB borBaliB, which
comprise most (80%) of the remaining diet of northern fur seals in this region. In all areas off western
North America, fishes were the main food species of these pinnipeds in neritic waters, while squids were
the most important prey in oceanic waters. Typically three prey species comprised 80% of their diet
in any one area, although the composition of the diet varied in type and importance by region and month.

The northern fur seal, Callorkinus ursinus, is found
in the Bering Sea, Sea of Okhotsk, and throughout
the North Pacific Ocean, north of approximately lat.
32°N off western North America and lat. 36°N off
Asia (Baker et al. 1970; Fiscus 1978). Although its
pelagic distribution is extensive, the main concentrations lie over the continental shelf. There are
three main stocks of this species. The largest stock
breeds on the Pribilof Islands in the eastern Bering
Sea and migrates primarily to coastal waters between the Gulf of Alaska and California. The other
two stocks breed on the Commander Islands in the
western Bering Sea and on Robben Island off northern Japan. Both stocks migrate primarily along the
Asian coast. To determine the diet of the Pribilof
Islands population, the United States and Canada,
under the auspices of the North Pacific Fur Seal
Commission, conducted annual pelagic studies during 1958-74 to collect stomach contents and other
biological information.
The results of research on the diet of northern fur
seals by the United States and Canada during
1958-74 have been presented in many annual and
2-6 yr swnmaries submitted by each country to the
'Northwest and Alaska Fisheries Center, National Marine Mammal Laboratory, National Marine Fisheries Service, NOAA, 7600
Sand Point Way N.E., Seattle, WA 98115.
"Department of Fisheries and Oceans, Pacific Biological Station,
Nanaimo, British Columbia V9R 5K6, Canada.
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FISHERY BULLETIN: VOL. 84, NO.4. 1986.

North Pacific Fur Seal Commission. Kajimura(1984)
cited most of these reports. Spalding (1964), Stroud
et al. (1981), and Kajimura (1985) also published
reports on diet collected since 1958. Studies on the
food habits of the northern fur seal prior to 1958
include Lucas (1899), Clemens and Wilby (1933),
Clemens et al. (1936), Schultz and Rafn (1936), May
(1937), Wilke and Kenyon (1952, 1954, 1957), Taylor
et al. (1955), and Kenyon (1956).
Investigations to date have reported that northern fur seals eat a wide variety of fishes and squids.
However, the relative importance of each prey
species has remained uncertain because substantial
differences often existed between values of relative
importance derived by volumetric measure and
those derived by frequency of occurrence. For example, squids were important (averaging 39%) in
the diet using frequency of occurrence but not
significant (15%) using volume (Bigg and Fawcett
1985; Perez and Biggll). The long-suspected reason
for this difference was that squid beaks accumulated
Sperez, M. A., and M. A. Bigg. 1980. Interim report on the
feeding habits of the northern fur seal in the eastern North Pacific
Ocean and eastern Bering Sea. In H. Kajimura, R. H. Lander,
M. A. Perez, A. E. York, and M. A. Bigg, Further analysis of
pelagic fur seal data collected by the United States and Canada
during 1958-74, Part 2, p. 4-172. Unpubl. rep. Northwest and
Alaska Fisheries Center, National Marine Mammal Laboratory,
National Marine Fisheries Service, NOAA, 7600 Sand Point Way
N.E., Seattle, WA 98115.
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in stomachs of seals thereby inflating the importance
of squid (Scheffer 1950; Spalding 1964; Bigg and
Fawcett 1985). Recent experimental studies confirmed that squid beaks accumulate in fur seal
stomachs (Bigg and Fawcett 1985).
To date, no reports have been published on the
diet of northern fur seals that take this bias into account. However, Bigg and Perez (1985) suggested
a method, called modified volume, which reduces the
bias and also accounts for differences in digestion
rates between fish and squid. In this method,
evidence of diet based on trace remains, such as
squid beaks and fish bones. is omitted in the
analyses, and a combination of the frequency of occurrence and volumetric methods is used to establish the relative importance of individual prey
species.
We use the modified volume method in this report
to analyze data from the stomach contents collected
by the United States and Canada during 1958-74.
We will describe the annual diet of northern fur seals
in the eastern North Pacific and eastern Bering Sea
by region and subregion. We also incorporate the
energy content of important prey species to determine whether this might affect relative importance,
a procedure not tried previously with this seal.

METHODS
Lander (1980) and Kajimura (1984, 1985) described the methods used to take northern fur seals
at sea during 1958-74 and to identify. and measure
the prey items found in their stomachs by volume
and frequency of occurrence. A total of 18,404
stomachs were collected of which 7,373 contained
food and an additional 3,326 had only trace remains.
Perez and Bigg (fn. 3) summarized the data on
volume and frequency of occurrence for all species
of northern fur seal prey by month and region.
Perez and Bigg' and Bigg and Perez (1985) gave
a detailed discussion of the procedure used to calculate modified volume values. First, prey species
represented in any stomach only by trace amounts
(:...10 cc) were omitted. Second, the proportions of
total fish and total squid in the diet by subregion,
region, and month were then determined by nontrace frequency of occurrence. Third, the ratio of
each species within only the fish category and within
'Perez, M. A., and M. A. Bigg. 1981. Modified volume: a twostep frequency-volume method for ranking food types found in
stomachs of northern fur seals. Unpubl. rep., 25 p. NorthwE.'st
and Alaska Fisheries Center, National Marine Mammal Laboratory, National Marine FisheriE.'s ServicE.'. NOAA, 7600 Sand Point
Way N.E .. SeattlE.'. WA 98115.
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only the squid category was determined by volume.
The taxonomic groupings recorded in the original
data which overlapped each other were either pooled
with higher taxa or were proportionally divided
among component species depending upon which
level of taxa had the most data. This prevented food
groupings from being partially compared against
themselves. Next, the volumetric ratios for individual fish and squid species were adjusted to sum,
respectively, to the total proportion of fish and squid
in the diet. Finally, all values were readjusted to
total 100%.
The relative importance of prey species has been
presented in this report in two ways: 1) modified
volume values for each region by month, and for
each subregion with data from all months pooled;
and 2) modified volume values for each region based
on combined months data which were weighted for
TABLE 1.-Estimated energy values (wet mass) for important northern fur seallJr8Y. C = bomb calorimetry combustion value; P =
proximate analysis value'; muscle = edible portion only of raw
material; whole - raw material from entire specimen.

Prey

Energy
value
(kcal/g)

Analysis
and
tissue

Reference

2.20
1.24
1.00
1.17
1.41

P, muscle Sidwell (1981)
P, whole Sidwell (1981);
8igg et al. (1978)
P, whole
Sidwell (1981)
P, muscle Sidwell (1981)
C, whole Miller2
P, muscle Stansby (1976)
P, whole Childress and Nygaard
(1973)
P, whole Childress and Nygaard
(1973)3
P, muscle Sidwell (1981)
P, muscle Wall and Merrill (1963)
P, muscle Sidwell (1981)
P, whole
Sidwell (1981)
C, whole Miller2

1.15
1.24
1.17
2.17
1.58
1.22
1.20
1.15

C,
P,
P,
P,
P,
P,
P,
P,

American shad
Pacific herring

2.08
2.17

Northern anchovy
Salmonids
Capelln
Eulachon
Deep-sea smelts

1.79
2.01
1.31
1.41
0.76

Myetophiform
fishes
Pacific saury
Jacksmelt
Pacific cod
Pacific whiting
Walleye pollock
Threespine
stickleback
Jack mackerel
Rockfishes
Sablefish
Atka mackerel
Pacific sand lance
Flounders
Market sqUid
Onychoteuthid
squids
Gonatid squids

1.58

1.29
1.27

whole
whole
muscle
muscle
muscle
muscle
muscle
muscle

Woollon (1976)
Sidwell (1981)
Sidwell et al. (1974)
Sidwell (1981)
Kizevetter (1971)
Sidwell (1981)
Sidwell (1981)4
Sidwell (1981)
Perez5
Perez5

'Values were calculated with the following energy factors derived from Watt
and Merrill (1963): 9.50, 5.65 and 4.00 kcal/g respectively for fat. protein and
cerbohydrata.
"Miller, L. K. 1978. Energetics of the northern fur seal in relation to
climete and focd resources of the Bering Sea. U.S. Mar. Mammal Comm.
Rep. MMC·75106, 27 p.
'Myctophidae and Paralepididae.
·Pleuronectidae.
.Perez, M. A., Natl. Mar. Mammal Lab., Northwest and Alaska Fish. Cent..
Natl. Mar. Fish. Serv.. NOAA, 7600 Sand Point Way N.E., Seattle, WA 98115,
unpubl. data, 1984.
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the energy value of prey. Data from all years of
collection were pooled. We assumed that the importance of a prey species to northern fur seals depended, at least in part, on its energy content. Table
1 lists the estimated caloric values for prey species
consumed most often. These estimates are provisional because little is known about changes in
energy content within each species by season.
Energy values for squids tend to be lower than those
for fishes, although large variability exists among
fish species.

No attempt was made to describe diet by age, sex,
and reproductive condition. In our sample, 88% of
the northern fur seals were females aged ~3 yr, of
which 53% were pregnant and 29% were nonpregnant. Thus, the diet described is primarily that
for pregnant and nonpregnant females aged ~3
yr.
The eastern North Pacific Ocean and eastern Bering Sea were divided into 7 regions and 21 subregions (Fig. 1). The boundaries for the seven
regions were those which have been traditionally

62° N

CENGULF
BEROFF

BRITISH
COLUMBIA

,
52°

8CINLETS •

WESTERN ALASKA

WESTVAN,

GULF OF ALASKA
WASHOFF

PEROUSE

•

WASHINGTON
WASHNO

OREGON

42°

CALIFORNIA
NORTH PACIFIC OCEAN
SCALOFF

SCALIN

32°
I

I

I

I

175° W

155°

135°

115°

FIGURE I.-Seven regions (denoted by darker lines) and 21 subregions used in the northern fur seal analyses: 1) California comprised
of subregions SCALIN (southern California, inshore), SCALOFF (southern California, offshore), CCALIN (central California, inshore),
CCALOFF (central California, offshore), NCALIN (northern California, inshore), and NCALOFF (northern California, offshore): 2)
Oregon which includes half of subregion WASHNO (southern Washington and northern Oregon, inshore): 3) Washington which includes
subregions PEROUSE (area west of Juan de Fuca Strait from Barkley Sound to Cape Flattery, including La Perouse Bank and Swiftsure Bank; inshore), WASHOFF (Washington, offshore), and half of WASHNO; 4) British Columbia which includes subregions BCINLETS
(inside passages and inlets of B.C., inshore), WESTVAN (area west of Vancouver Island and Queen Charlotte Strait, inshore), HECATE
(Hecate Strait area, inshore), and BCOFF (British Columbia, offshore); 5) the Gulf of Alaska which includes subregions SEALASKA
(southeast Alaska, inshore), NOGULF (northern Gulf of Alaska, including Fairweather Bank; inshore), KODIAK (area around Kodiak
Island, including Portloek Bank and Albatross Bank; inshore), and CENGULF (oceanic region of the Gulf of Alaska, offshore); 6) western
Alaska which includes part of subregion UNIMAK (Unimak Pass area); and 7) the eastern Bering Sea comprised of subregions BERIN
(Bering Sea shelf, inshore) and BEROFF (Bering Sea basin, offshore), and also includes subregions PRIBILOF (area around the Pribilof
Islands) and most of UNIMAK. Subregions in which ..50% of the area is "100 fathoms are noted as inshore; the remainder are noted
as offshore.
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used in analyses of pelagic data for northern fur
seals. The subregions were selected to compare diet
between inshore (neritic) and offshore (oceanic)
areas and to indicate diet in certain localities where
collection effort was relatively high. Inshore areas
were defined as those generally occurring on the
continental shelf (depths up to 100 fathoms) and offshore areas as those beyond the continental shelf.

RESULTS
The cruise tracks (Fig. 2) taken by research
vessels of the United States and Canada for the collection of northern fur seals during 1958-74 indicate
the relative distribution of research effort. Most collections were made in the coastal areas between
California and British Columbia, off Kodiak Island,
and in the eastern Bering Sea between Unimak Pass
and the Pribilof Islands. Few specimens were taken
more than 160 km from shore.

Diet by Region and Month
An examination of the number of prey species that
made up the diet indicates that at least nine species
may be consumed within anyone subregion. However, typically only three prey species made up about
80% of the diet (Fig. 3). Thus, relatively few species
of food are of primary importance in anyone locality. As will be made clear in the following regional
and subregional accounts, the primary food species
can change among localities.
Our interpretation of Figures 4-11 which follow
requires clarification. These figures show modified
volume values only for those individual species that
we felt were important and that had sufficient
sample sizes to be reliable. Thus, we arbitrarily presented only those species that were of >5% in importance for samples with at least 20 stomachs containing food. Species of less importanCe were pooled
either as miscellaneous fishes or squids. Also, be-

1

62· N

-Jo."'<C

""

\
CANADA

\\.

52·
(

I

U.S.A.

NORTH PACIFIC OCEAN

.....

•

..

..

• • • 32·
115°

FIGURE 2.-Cruise tracks of northern fur seal research vessels from the United States and Canada during 1958-74.
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FIGURE 3.-The cumulative percentage distribution of the number
of prey species eaten in the total diet of northern fur seals taken
during 1958-74. Data for each of the 21 subregions are plotted,
although only the average relationship is graphed.

cause the prey consumed by month within subregions were not presented here, we take these data
from Perez and BiggS in our interpretation of subregional data.
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·Perez, M. A., and M. A. Bigg. 1981. An assessment of the
feeding habits of the northern fur seal in the eastern North Pacific
Ocean and eastern Bering Sea. Unpubl. draft rep., 146 p. Northwest and Alaska Fisheries Center. National Marine Mammal
Laboratory, National Marine Fisheries Service. NOAA, 7600 Sand
Point Way N.E., Seattle, WA 98115.
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California

Northern anchovy, Engraulis mordax. was the
most important food eaten by the northern fur seals
off California (Fig. 4A) whether its energy content
was considered or not. However, it was more important when its caloric value was taken into account. Northern anchovy was eaten mainly during
January to March in inshore and offshore waters of
central and southern California (Fig. 4B, C). Pacific
whiting, Merluccius productus, was second in importance (Fig. 4A) and was preyed upon in all areas
of California, although primarily during April and
May (Fig. 4B, C). Market squid, Loligo opalescens,
was eaten from January to June, but only in neritic
locations (Fig. 4B, C). Onychoteuthid squids (Onychoteuthidae) were eaten offshore and were the
more important squid species consumed in the southern areas off California (Fig. 4C). Other prey types
were of relatively minor importance, although some
were locally significant, such as Pacific saury, Cololabis saira, mainly in oceanic areas off northern and
central California (Fig. 4A, B, C).
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FIGURE 4.-Composition (percent) of diet of northern fur seals by
prey species off California during 1958-74 (A) for pooled JanuaryJune samples fP = 1.811), using modified volume (dark bars) and
energy-adjusted modified volume; (B) by month using modified
volume; and (C) by subregion with pooled January-June samples
using modified volume. A dark line separates squid and fish
categories in the latter two figures. Key: ANC = northern anchovy; GON = gonatid squids; JAC = jack mackerel; JCK =
jacksmelt; MAR = market squid; MF = miscellaneous fish species;
MS = miscellaneous squid species; MYC = myctophiform fishes;
ONY = onychoteuthid squids; OP = other prey; SBL - sablefish;
SRY = Pacific saury; WHI = Pacific whiting.
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Oregon
40

Only 69 northern fur seals with food in their
stomachs were collected in Oregon between January and May during 1958-74, w~th 58 of these taken
during April. Thus, diet could not be determined by
month or by inshore and offshore areas. As in
California, the main food was northern anchovy
(Fig. 5). Other important prey were market squid,
onychoteuthid squids, Pacific whiting, and rockfishes (Sebastes spp.).

30

l!

I!

l

20

10

ANC

WHI

ROC

0'

FIGURE 5.-Composition (percent) of diet of northern fur seals by
prey species off Oregon during 1958-74 for pooled January-June
samples IN = 69), using modified volume (dark bars) and energyadjusted modified volume. Key: ANC = northern anchovy; MAR
= market squid; ONY = onychoteuthid squids; OP = other prey;
ROC = rockfishes; SRY = Pacific saury; WHI = Pacific whiting.

Pacific herring, Clupea harengus pallasi, was the
most important food for northern fur seals off
Washington, particularly when energy content was
considered (Fig. 6A). It was only slightly more significant than rockfishes, salmonids (Salmonidae,
primarily Oncorhynchus spp.), and northern anchovy
when caloric values were not incorporated. Pacific
herring was eaten from December to June but only
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FIGURE 6.-Composition (percent) of diet of northern fur seals by prey species off Washington during 1958-74 (A) for pooled December-June samples
IN = 1.91S), using modified volume (dark bars) and
energy-adjusted modified volume; (B) by month
using modified volume; and (C) by subregion with
pooled December-June samples using modified
volume. A dark line separates squid and fish
categories in the latter two figures. Key: ANC =
northern anchovy; CAP = capelln; EUL = eulachon; GON = gonatid squids; HER = Pacific herring; MAR = market squid; MF = miscellaneous
fish species; MS = miscellaneous squid species;
ONY = onychoteuthid squids; OP = other prey;
ROC = rockfishes; SAL = salmonids; SBL =
sablefish; SHA = American shad; WHI = Pacific
whiting.
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in neritic areas (Fig. 6B, C). Rockfishes, salmonids,
and northern anchovy were also consumed by seals
during this time, both inshore and offshore. Northern anchovy was primarily important in the southern area of the region (Fig. 6C). The main food in
oceanic waters consisted of two families of squids,
Onychoteuthidae and Gonatidae (Fig. 6C). Market
squid was the primary squid species preyed upon in
neritic areas.

ary food of the northern fur seals from February
to June in most inshore areas, particularly when
energy content was taken into account (Fig. 7A, B,
C). It was mainly consumed by northern fur seals
off the west coast of Vancouver Island and in Hecate
Strait. In coastal inlets, market squid was important, but not significantly for the region as a whole.
The diet of northern fur seals in oceanic waters during May and June was almost exclusively onychoteuthid squids and salmonids (Fig. 7B, C). Other
prey species were relatively insignificant (Fig. 7A).
However, because the coastline of British Columbia is complex, and sample sizes were small, additionallocal differences in diet may exist in inshore
areas (Fig. 7C).

British Columbia

As in Washington, Pacific herring was the prim-
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FIGURE 7.-Composition (percent) of diet of northern fur seals by prey species off British Columbia during 1958-74 (A) for pooled JanuaryJune samples (N = 354), using modified volume (dark bars) and energy-adjusted modified volume; (B) by month using modified volume;
and (C) by subregion with pooled January-June samples using modified volume. A dark line separates squid and fish categories in the
latter two figures. Key: COD - Pacific cod; EUL = eulachon; GAD = gadid fishes; GON = gonatid squids; HER = Pacific herring;
MAR = market squid; MF = miscellaneous fish species; ONY = onychoteuthid squids; OP = other prey; POL = walleye pollock; ROC
= rockfishes; SAL = salmonids; SBL = sablefish; US = unidentified squid; WHI = Pacific whiting.
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from April to June. Rockfishes and salmonids were
also eaten by northern fur seals in offshore and
northern inshore areas of the region (Fig. 8e).

Gulf of Alaska

Based on all samples collected in the Gulf of
Alaska, the main diet of northern fur seals was
Pacific herring when energy content was considered, but Pacific sand lance, Ammodytes kexapterus, was most important when caloric values were
not considered (Fig. 8A). However, there were
subregional differences in diet. Off southeastern
Alaska, collections were made in Sitka Sound during February and March where the diet was almost
exclusively Pacific herring (Fig. 8B, C). In the northernmost area of the region the diet consisted chiefly of capelin, Mallotus villosus, but also to a lesser
degree of both walleye pollock, Theragra chalcogramma, and Pacific sand lance (Fig. 8C). Off
Kodiak Island during April to July, the diet was
mainly Pacific sand lance and capelin (Fig. 8B, C).
Gonatid squids (Gonatidae) were the primary foods
of northern fur seals in oceanic waters of this region

Western Alaska

Of the 309 stomachs with food collected in this
region from May to October 1958-74, 239 were
taken during June, with most of these collected
south of Unimak Pass. The main foods of the northern fur seals were Pacific sand lance and capelin,
as off Kodiak Island, with the energy content of each
having little effect on their relative importance (Fig.
9). Other important prey were Atka mackerel,
Pleurogrammus monopterygius, salmonids, walleye
pollock, and the squid Berryteuthis magister. Sablefish, Anoplopomafimhria, and Pacific herring were
also eaten by northern fur seals south of Unimak
Pass during summer months.

50

A

FIGURE 8.-Composition (percent) of diet of northern
fur seals by prey species in the Gulf of Alaska during
1958-74 (A) for pooled February-July samples (IV =
1,163). using modified volume (dark bars) and energyadjusted modified volume; (B) by month using modified
volume; and (e) by subregion with pooled FebruaryJuly samples using modified volume. Key: CAP =
capelin; GON = gonatid squids: HER = Pacific herring; MF = miscellaneous fish species; MS =
miscellaneous squid species; OP = other prey; POL walleye pollock; ROC - rockfishes; SAL = salmonids;
SND = Pacific sand lance; US = unidentified squid.
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FIGURE

Eastern North PacHic

Northern anchovy (20%) and Pacific herring (19%)
were the main species eaten by the northern fur
seals in the eastern North Pacific when data from
all regions and months were pooled (Fig. 10). These
prey were the most important whether energy content was considered or not, although importance increased when the caloric values were included.
Salmonids (6%), capelin (8%), Pacific whiting (7%),
walleye pollock (2%), Pacific sand lance (8%), and
rockfishes (4%) were also commonly eaten. The re-

maining diet was made up of a wide variety of squids
(mainly market squid, 6%; onychoteuthid squids,
6%; and gonatid squids, 5%) and other fishes (mainly
Pacific saury, 4%; sablefish, 2%; and Atka mackerel,
2%). Squids were the primary food species in oceanic
waters between California and the Gulf of Alaska,
and fishes were the main prey in the neritic areas.
Although not eaten in large amounts, salmonids and
rockfishes were the main fishes consumed in oceanic
areas between Washington and the Gulf of Alaska
(Figs. 6C, 7C, 8C).
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years were pooled (N = 5,624).
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Eastern Bering Sea

Walleye pollock was the most important food for
northern fur seals in the eastern Bering Sea, particularly around the Pribilof Islands and in other inshore waters during July to September (Fig. lIA,
B, C). Capelin was the main food near Unimak Pass
during June to October. The squids, Berryteuthis
magist(1/f' and Gonatopsis borealis, were the primary
prey species of fur seals in the oceanic areas (Fig.
lIC). Deep-sea smelts (Bathylagidae) were eaten offshore, mainly in association with squid. The relative
importance of each prey species was not markedly
affected by the energy content adjustments (Fig.
lIA).

of northern fur seals was similar when using either
modified volume or modified volume weighted for
the energy content of prey. However, caloric values
affected relative importance in regions where high
energy foods (e.g., Pacific herring, northern anchovy, salmonids), or where low energy foods (e.g.,
market squid, Pacific whiting) were commonly
eaten. In such cases, the adjustment shifted importance of a prey species in the same direction as the
relative value of their caloric content compared with
other prey in the diet. A species with high energy
content increased in importance, but this caused
others to decrease because the relative values of
prey species in the diet all totaled 100%.

DISCUSSION

Effect of Energy Value of Prey
In general, the ranking of prey species in the diet

The results of earlier investigations on the diet
of northern fur seals indicated that basically the
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same species of prey were important by region and
month as reported in the current study. This was
true for the numerous annual and intermittent summary reports prepared by the United States and
Canada for the North Pacific Fur Seal Commission
during 1958-74. However, they are not reviewed
here because they typically described diet for a particular year or 2-6 yr period and were based on
subsets of the samples that we used. In other
studies, Stroud et al. (1981) and Kajimura (1984,
1985) mentioned, although did not demonstrate, that
squids were the main food species in offshore areas,
whereas fishes were the most important inshore.
This observation was confirmed in our findings. The
phenomenon appears to exist throughout the feeding range of northern fur seals off western North
America.
Also, as found in our study, Taylor et al. (1955)
and Kajimura (1985) reported that the main food for
the northern fur seal off California was northern anchovy. Similarly, Clemens and Wilby (1933),
Clemens et al. (1936), Schultz and Rafn (1936), May
(1937), Wilke and Kenyon (1952), Spalding (1964),
and Kajimura (1985) all indicated that Pacific herring was the primary prey between Washington and
southeastern Alaska. Taylor et al. (1955) and Kajimura (1985) found that capelin was prominent in the
diet off Kodiak Island; and Lucas (1899), Wilke and
Kenyon (1952), and Kajimura (1985) found that
walleye pollock was the most significant species in
the eastern Bering Sea; and Wilke and Kenyon
(1957) reported that capelin was important to northern fur seals near Unimak Pass.
However, there were some differences between
the results of earlier research and the current analysis. Taylor et al. (1955) stated that 1) jacksmelt,
Atherinopsis cal~forniensis, was second in importance for northern fur seals off California rather
than insignificant as we reported; 2) salmon was the
main food off Oregon rather than a minor diet item;
3) walleye pollock was more important than Pacific
herring off Washington; and 4) Pacific sand lance
was rarely foraged off Kodiak Island rather than
eaten almost as frequently as capelin. Kenyon (1956)
found Pacific sandfish, Trickodon trichodon, to be
the most commonly consumed food of seals which
were taken on rookeries of the Pribilof Islands,
whereas the current study found that it was rarely
eaten. Most of these differences probably resulted
from small sample sizes of earlier studies or dissimilar measures of importance. Also, some differences in diet will result from interannual variability
in prey abundance and movement patterns owing
to environmental conditions or other factors.

Factors other than just the relative importance
by region and month must be taken into account
when determining the significance of each prey
species to the seal. Robbins (1983) stated that the
nutritional value of food should also be considered.
For example, food species with high caloric values
will be more important than those with low caloric
values because the amount of food required for
metabolic functions depends to some extent upon
the energy content of that food. However, high
energy foods are more valuable only when they are
not more difficult to capture and do not contain
more indigestible or toxic substances than lower
energy content species. These detrimental factors
do not appear to be involved when considering the
most important foods eaten by northern fur seals
in the eastern North Pacific Ocean. Northern anchovy and Pacific herring were already the most important prey species even without accounting for
their energy content. But because they also had relatively high energy values, their importance increased in the seal's diet. Thus, relative importance
with an adjustment for energy content appears to
be a better measure of diet than when energy content is not incorporated.
Another factor to consider is the proportion of the
year that the northern fur seal population spends
in each locality. Each prey species in the total annual diet should be weighted by the importance of
each subregion and region where the prey is eaten.
This weighting requires understanding the route
and timing of migration, and the changes in local
seasonal abundance of northern fur seals. The
general pattern of migration for the Pribilof Islands
stock is well known (Baker et al. 1970; Fiscus 1978;
Bigg 19826). Essentially all population components,
except most 1-2 yr-olds, are thought to occur in the
eastern Bering Sea during June-July to October
where they pup, mate, nurse, and rest on the Pribilof
Islands. Most 1-2 yr-olds remain in the North Pacific
Ocean during this time. The stock leaves the eastern Bering Sea in November-December and travels
mainly to the coastal areas between southeastern
Alaska and California, with the largest number apparently going to California by January. Most males
remain in Alaskan waters, and seals aged 1-2 yr remain offshore. The return migration starts in MarchApril with most seals arriving in the northern Gulf
of Alaska by May. However, while this general pat"Bigg, M. A. 1982. Migration of northern fur seals in the
eastern North Pacific and eastern Bering Sea: an analysis using
effort and population composition data. Unpubl. rep., 77 p. Department of Fisheries and Oceans, Pacific Biological Station,
Nanaimo, British Columbia V9R 5K6, Canada.
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tern of migration is known, no estimates have been
made of the seasonal abundance of seals by region,
and thus total diet cannot be weighted by the significance of each locality.
Nonetheless, we are of the opinion that the lack
of estimates of local abundance of northern fur seals
may not be a major bias in our descriptions of diet
for the large coastal regions of the eastern North
Pacific (Fig. 10) and the eastern Bering Sea (Fig.
11). We reason that the sampling effort in the eastern North Pacific was extensive from December to
June, as indicated by the size of samples collected
by month and region (Figs. 4-9; see also Figure 2),
and may have largely reflected the seasonal changes
in relative abundance of seals during their coastal
migration. For the eastern Bering Sea, essentially
all samples were taken during July-October, which
was the time most seals resided there.
The most general conclusion to be made about the
diet of coastal northern fur seals is that it consists
primarily of small schooling fish. Previous studies
have made the point that the diet consists of small
schooling fish and squid (Spalding 1964; Kajimura
1985; others). However, our findings suggest that
squid are no more important in the overall diet to
the seal than are the larger sized fish. In the coastal
regions of the eastern North Pacific the northern
fur seal's diet consists of 60% small schooling fish,
23% other fish, and 17% squid. When northern fur
seals arrive off the coast of southeastern Alaska to
California during winter, they feed on northern anchovy, Pacific herring, capelin, and Pacific saury.
When most northern fur seals arrive along the ~ast
of the Gulf of Alaska in spring, they eat capelin and
Pacific sand lance. These are fish <30 em in length
(Table 2). Typically they are eaten whole whereas
larger fish are first broken into small pieces (Spalding 1964). Walleye pollock is the primary food in the
eastern Bering Sea. It is a large fish as an adult
(Smith 1981), and these fish school. However, northern fur seals feed mainly upon the juvenile stages,
i.e., <20 cm (McAlister and Perez7). Thus, the diet
in this region consists'up to 64% small schooling fish,
6% other fish, and 30% squid.
On the Asian coast the diet of northern fur seals
also includes small schooling fishes such as myctophiform fishes (lanternfishes), Pacific saury, Pacific
sand lance, and the Japanese anchovy, Engra:ulis
7McAlister, W. B., llnd M. A. Perez. 1977. Ecosystem
dynamics-birds and marine mammals. Part 1: preliminary estimates of pinniped-finfish relationships in the Bering Sea (final
report). In Environmental assessment of the Alaskan continental shelf, Annual Report 12, p. 342-371. U.S. Department of Commerce. Environmental Research Laboratory, Boulder, CO.
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TABLE 2.-Summary of the size range and general habitat of northern fur seal prey.' A ~ anadromous; BC = British Columbia;
BER .. eastern Bering Sea; CAL - California; GULF = Gulf of
Alaska; I = inshore; NS = near surface; 0 .. offshore; ORE =
Oregon; S ~ schooling fish; WASH • Washington; WEST =
western Alaska.

Prey
Pacific herring
Northern anchovy
Salmonids3
Capelin
Eulachon
Deep-sea smelts
Myctophiform
fishes
Pacific saury
Pacific whiting
Walleye pollock
Rockfishes
Sablefish
Atka mackerel
Pacific
sand lance
Market sqUid
Onychoteuthid
squids4
Gonatid squid

Size range (em)
of specimens
Averege
in fur seal
adult
stomachs
size
(sample size in
parentheses)2
(em)
<2D-30 10-25 (11,>27)
9·18 (7,27)
<18
15-41 (22,>28)
<80
7-14 (7,64)
22
23-30 12-21 (3,11)
2-18 8-12 (6,986)

General habitat
Pelagic
Pelagic
Pelagic
Pelagic
Pelagic
Pelagic

(I,S)
(1-o,S)
(I-O,A)
(I,S)
(I,S,A)
(O,S)

Pelagic (O,S)
Pelagic (O,S)
Pelagic and
semidemersal
(1-o,S)
4-40 (71,1721) Pelagic and
<90
semidemersal
(I-O,S)
Demersal (1-o,S)
30-53 11-31 (6,>19)
Pelagic and
57-60 20-31 (3,>3)
semidemersal
(1-o,S)
15-23 (5,>5)
Pelagic and
<120
semidemersal
(I,S)
13-20
10-32
66-76

25 (1,4)
15 (1,2)

20
14-17

7-15 (6,43)

10-37 14-22 (3,>3)
12·32 5-24 (10,>59)

Demersal (I,S)
Pelagic (I)
Pelagic (I-oJ
Pelagic (1-0)

1 Data on average lengths 01 prey and ecology were compiled from Akimushkin (1963). Bakkala et aI. (1961), Baxter (1967), Baxter and Duffy (1974),
Carl (1964), Childress and Nygaard (1973), Childress et al. (1980), Fields
(1965), Fitch (1974), Fitch and Levenberg (1968,1971,1975), Hart (1973),
Inada(1961), Miller and Lea (1976), Na~oet al. (1977), Niggol (1982), Pearcy
(1965), Pearcyet al. (1979), Smnh (1981), Taka et aI. (1960), and Wespestad
and Barton (1981).
lTotallength for fish and dorsal mantle length for squid. The first number
in parentheses is the number 01 fur seal stomachs examined, and the second
number in parentheses is the number of prey specimens measured. These
data were derived from an analysiS of the original unpublished 1958-74 data.
"Maximum size 01 salmonids found at sea. Adults in freshwater are larger
(to 147 em) depending upon species.
'Does not include size range 01 MotoIeuthis «140 em) which has been taken
by northern fur seals, but rarely off North America.

japonicus, in addition to walleye pollock and squid
(Taylor et al. 1955; Lander and Kajimura 1980). Of
interest is the fact that in recent years the Japanese
sardine, Sardinops melanosticta., has become more
important in the diet of northern fur seals off Asia
(Yoshida et al. 8 .9 ; Yoshida and Baba1Q,Il). This sardine was depleted during the 1930's and 1940's and
"Yoshida, K., N. Okumoto, and N. Baba. 1979. Japanese
pelagic investigation on fur seals, 1978. Far Seas Fish. Res. Lab.,
Shimizu. Jpn., Fur Seal Resour. Sect., Contrib. No. 41-9. 66 p.

PEREZ and BIGG: DIET OF NORTHERN FUR SEALS

recovered only recently (Kondo 1980). The northern
fur seal appears to have reacted to this recovery by
eating more sardines. A similar change in diet may
have taken place off California during the past 5.0
years. The Pacific sardine, Sardinops sagax, was
once the most abundant small, schooling fish off
California, whereas now northern anchovy is (Murphy 1966; Smith 1972; Mais 1974). The Pacific sardine population was drastically reduced during the
1940's mainly because of fishing pressure and has
remained at a relatively low level since, while the
northern anchovy increased in abundance during the
1950's and the 1960's (Vrooman and Smith 1971;
Hart 1973; Wolf and Smith 1985). The Pacific sardine may undergo long-term periodic fluctuations
in population size (Thompson 1921), and it may now
once again be increasing in biomass (Wolf and Smith
1985). Northern fur seals have not eaten Pacific sardine in recent years, but perhaps they fed on this
species prior to the 1940's. The seal may have
changed its diet from largely Pacific sardine to
northern anchovy. Unfortunately, the stomach contents of only two northern fur seals were collected
from California prior to the 1950's (Scheffer 1950).
Clemens and Wilby (1933) gave the only evidence
that sardines were once consumed by these seals in
the eastern North Pacific Ocean. They found that
sardines were commonly eaten during 1931 off
southwestern Vancouver Island.
An interesting speculation regarding the significance of small schooling fish to northern fur seals
is the relationship between diet and the migration
route of the seal. Small schooling fish could be important just because they are abundant and lie along
the coastal migration path of northern fur seals. Kajimura (1985) argued for this possibility. He suggested that the migration pattern of northern fur
seals is genetically established and that the seal
feeds opportunistically upon whatever prey species
are most abundant in its path. He believes that,
although food is not a major factor in determing the
migration route of northern fur seals, the movements of prey species can still alter the local distribution of fur seals. An alternative possibility is that
the seals learn the location of the main foods and
then selects its migration route to include them.
OYoshida, K., N. Okumoto, and N. Baba. 1981. Japanese
pelagic investigation on fur seals, 1979-1980. Far Seas Fish. Res.
Lab., Shimizu, Jpn., Fur Seal Resour. Sect., Contrib. No. 41-10,
150 p.
lOYoshida. K., and N. Baba. 1983. Japanese pelagic investigation on fur seals, 1981-1982. Far Seas Fish. Res. Lab., Shimizu,
Jpn., Fur Seal Resour. Sect., Contrib. No. 41-11, 118 p.
"Yoshida, K., and N. Baba. 1984. Japanese pelagic investigation on fur seals. 1983. Far Seas Fish. Res. Lab., Shimizu, Jpn.,
Fur Seal Resour. Sect., Contrib. No. 41-12, 67 p.

Baker (1978) argued for this alternative. He proposed that, while some inherited factors may be involved in migration, northern fur seals could mainly search the North Pacific Ocean for the most
preferred or abundant food, and thereafter establish the migration route. Such being the case,
perhaps inexperience explains why 1-2 yr-old seals
are rarely seen inshore feeding with older seals.
Also, perhaps squid is not a preferred or sufficiently
available food for northern fur seals offshore,
because most seals older than 1-2 yr feed inshore
on fish. However, at this stage, not enough is known
about the factors that control migration of the northern fur seal to establish which alternative is true.
As Kajimura (1985) has pointed out, factors other
than diet are no doubt involved as indicated by the
fact that males do not migrate as far south as
females.

ACKNOWLEDGMENTS
The following people assisted us with the preparation of data for analysis, and with the construction
of tables and figures presented in unpublished preliminary reports of this study: Julia Bosma, Patricia
Bouthillette, Laurie Briggs, Carl Brooks, David
Crystal, Ian Fawcett, Gary Fidler, Job Groot, Carol
Hastings, Marta Hladyschevsky, Kerry Hobbs,
Gerald Hornof, Marilyn Marshall, Elizabeth
Mooney, R. Perez, Kenneth Pierce, and Marsha
Schad.

LITERATURE CITED
AKIMUSHKIN,1. 1.

1963. Cephalopods of the seas of the U.S.S.R. [In
Russ.] Izd. Akad. Nauk, Mosc. (Trans!. by Isr. Prog. Sci.
Transl., 1965, avail. U.S. Dep. Commer., Nat!. Tech. Inf.
Serv., Springfield, Va., as TT65-50013, 223 p.)
BAKER, R. C.. F. WILKE, AND C. H. BALTZO.
1970. The northern fur seal. U.S. Fish Wildl. Serv., Circ.
336,20 p.
BAKER, R. R.
1978. The evolutionary ecology of animal migration. Holmes
and Meier Publ., N.Y., 1012 p.
BAKKALA. R., K. KING, AND W: HIRSCHBERGER.
1981. Commercial use and management of demersal fish.
In D. W. Hood and J. A. Calder (editors), The eastern Bering Sea shelf: Oceanography and resources, vol. 2, p. 10151036. Univ. Wash. Press, Seattle, WA.
BAXTER, J. L.
1967. Summary of biological information on the northern anchovy Ellgraldis murd= Girard. Calif. Coop. Oceanic Fish.
Invest. Rep. 11:110-116.
BAXTER, J. L., AND J. M. DUFFY.
1974. Inshore fishes of California, 4th revision. Calif. Dep.
Fish Game, Sacramento, CA, 78 p.
BIGG,

M.

A., AND

I.

FAWCETT.

1985. Two biases in diet determination of northern fur seals

969

FISHERY BULLETIN: VOL. 84, NO.4

(Call.o,,.h.i,1.usursil&U8). In J. R. Beddington. R. J. H. Beverton. and D. M. Lavigne (editors). Marine mammals and
fisheries, p. 284-291. George Allen & Unwin (Publ.), Lond.
BIGG. M. A., I. B. MACAsKIE. AND G. ELLIS.
1978. Studies on captive fur seals. Progress Rep. No.2.
Can. Fish. Mar. Servo Manuscr. Rep. 1471, 21 p. Nanaimo.
B.C.
BIGG. M. A., AND M. A. PEREZ.
1985. Modified volume: a frequency-volume method to assess
marine mammal food habits. I'll. J. R. Beddington. R. J. H.
Beverton. and D. M. Lavigne (editors). Marine mammals and
fisheries, p. 277-283. George Allen & Unwin (Publ.),
Lond.
CARL, G. C.
1964. Some common marine fishes of British Columbia. B.C.
Provo Mus., Victoria. B.C., Handb. No. 23, 86 p.
CHILDRESS, J. J., AND M. H. NYGAARD.
1973. The chemical composition of midwater fishes as a function of depth of occurrence off southern California. DeepSea Res. 20:1093-1109.
CHILDRESS. J. J., S. M. TAYLOR, G. M. CAILLIET, AND M. H.
PRICE.
1980. Patterns of growth, energy utilization and reproduction in some meso- and bathypelagic fishes off southern
California. Mar. BioI. 61:27-40.
CLEMENS. W. A.. J. L. HART, AND G. V. WILBY.
1936. Analysis of stomach contents of fur seals taken off the
west coast of Vancouver Island in April and May 1935.
Can. Dep. Fish., Ottawa. 20 p.
CLEMENS, W. A., AND G. V. WILBY.
1933. Food of the fur seal off the coast of British Columbia.
J. Mammal. 14:43-46.
FIELDS. W. G.
1965. The structure, development, food relations, reproduction, and life history of the squid Loligo opale-8ce'ns Berry.
Calif. Dep. Fish Game. Fish Bull. 131, 108 p.
FISCUS, C. H.
1978. Northern fur seal. In D. Haley (editor), Marine mammals of eastern North Pacific and arctic waters. p. 152159. Pac. Search Press, Seattle. WA.
FITCH, J. E.
1974. Offshore fishes of California. 5th rev. Calif. Dep.
Fish Game, Sacramento, CA, 80 p.
FITCH. J. E., AND R. J. LAVENBERG.
1968. Deep-water teleostean fishes of California. Univ.
Calif. Press, Berkeley. CA, 155 p.
1971. Marine food and game fishes of California. Univ.
Calif. Press, Berkeley, CA, 179 p.
1975. Tidepool and nearshore fishes of California. Univ.
Calif. Press, Berkeley, CA, 156 p.
HART, J. L.
1973. Pacific fishes of Canada. Bull. Fish. Res. Board Can.
180, 740 p.
INADA, T.
1981. Studies on the Merlucciid fishes. Bull. Far Seas Fish.
Res. Lab. (Shimizu) 18:1-172.
KAJIMURA, H.
1984. Opportunistic feeding of the northern fur seal CallorhinU8 ursinU8, in the eastern North Pacific Ocean and
eastern Bering Sea. U.S. Dep. Commer.• NOAA Tech. Rep.
NMFS SSRF-779, 49 p.
1985. Opportunistic feeding by the northern fur seal, (CaUo,.hi'lIIIUlU,.sit\;us). In J. R. Beddington, R. J. H. Beverton,
and D. M. Lavigne (editors), Marine mammals and fisheries,
p. 300-318. George Allen & Unwin (Publ.), Lond.

970

KENYON, K. W.
1956. Food of fur seals taken on St. Paul Island, Alaska, 1954.
J. Wildl. Manage. 20:214-215.
KIZEVETTER, 1. V.
1971. Chemistry and technology of Pacific fish. Dal'izdat.
Vladivostok. (Transl. by Isr. Prog. Sci. Transl., 1973, avail.
U.S. Dep. Commer.• Natl. Tech. Inf. Serv., Springfield. VA,
as TT72·50019. 304 p.)
KONDO, K.
1980. The recovery of the Japanese sardine - the biological
basis of stock-size fluctuations. Rapp. P.-v. ~un. Cons. into
Explor. Mer 177:332-354.
LANDER, R. H. (editor).
1980. Summary of northern fur seal data and collection procedures. Vol. 2: Eastern Pacific pelagic data of the United
States and Canada (excluding fur seals sighted). U.S. Dep.
Commer., NOAA Tech. Memo. NMFS F/NWC-4, 541 p.
LANDER, R. H., AND H. KAJIMURA (editors).
1980. Summary of northern fur seal data and collection procedures. Vol. 3: Western Pacific pelagic data of the Soviet
Union and Japan, 1958-1978 (excluding fur seals sighted).
U.S. Dep. Commer., NOAA Tech. Memo. NMFS FINWC-5.
304 p.
LUCAS, F. A.
1899. The food of the northern fur seals. b& D. S. Jordan
et al. (editors), The fur seals and fur-seal islands of the North
Paci£icOcean. Part 3. p. 59-68. Gov. Print. Off.• Wash., DC.
MAIS, K. F.
1974. Pelagic fish surveys in the California Current. Calif.
Dep. Fish Game. Fish Bull. 162,79 p.
MAY, F. H.
1937. The food of the fur seal. J. Mammal. 18:99-100.
MILLER, D. J .• AND R. N. LEA.
1976. Guide to the coastal marine fishes of California. Calif.
Dep. Fish Game, Fish Bull. 157,249 p. [1972, addendum
added 1976.]
MURPHY, G. I.
1966. Population biology of the Pacific sardine (Sarnino])8
caerulea). Proc. Calif. Acad. Sci. (4th Ser.) 34:1-84.
NAITO. M.• K. MURAKAMI, AND T. KOBAYASHI.
1977. Growth and food habit of oceanic squids (Oln1rlostrepltes
ba,.trami, Onychoteuthis bOTealijapcmicU8, Berryteutkis
magister and Gonatopsis borealis) in the western subarctic
Pacific region. [In Jpn., Engl. summ.] In Fisheries biological production in the subarctic Pacific region, p. 339-351.
Res. Inst. North Pac. Fish. Fac. Fish., Hokkaido Univ., Spec.
Vol. 1977.
NIGGOL, K.
1982. Data on fish species from Bering Sea and Gulf of
Alaska. U.S. Dep. Commer., NOAA Tech. Memo. NMFS
FINWC-29, 125 p.
PEARCY, W. G.
1965. Species composition and distribution of pelagic cephalopods from the Pacific Ocean off Oregon. Pac. Sci.
19:261-266.
PEARCY, W. G., T. NEMOTO. AND M. OKIYAMA.
1979. Mesopelagic fishes of the Bering Sea and adjacent
northern North Pacific Ocean. J. Oceanogr. Soc. Jpn. 35:
127-134.
ROBBINS, C. T.
1983. Wildlife feeding and nutrition. Acad. Press, N.Y., 343
p.
SCHEFFER. V. B.
1950. The food of the Alaska fur seal. U.S. Fish Wildl. Serv.,
Bur. Commer. Fish., Wildl. Leaf!. 329, 16 p.

PEREZ and BIGG: DIET OF NORTHERN FUR SEALS

L. P., AND A. M. RAFN.
1936. Stomach contents of fur seals taken off the coast of
Washington. J. Mammal. 17:13-15.
SIDWELL, V. D.
1981. Chemical and nutritional composition of finfishes,
whales, crustaceans, mollusks, and their products. U.S. Dep.
Commer., NOAA Tech. Memo. NMFS F/SEC-ll, 432 p.
SIDWELL, V. D.. P. R. FONCANNON, N. S. MOORE, AND J. C.
SCHULTZ,

BONNET.

1974. Composition of the edible portion of raw (fresh or
frozen) crustaceans, finfish and mollusks. I. Protein, fat,
moisture, ash, carbohydrate, energy value, and cholesterol.
Mar. Fish. Rev. 36(3):21-35.
SMITH,

G.

B.

[1981.). The biology of walleye pollock. In D. W. Hood and
J. A. Calder (editors), The eastern Bering Sea shelf: Oceanography and resources, Vol. 1, p. 527-551. U.S. Gov. Print.
Off., Wash., DC.
SMITH, P. E.
1972. The i~crease in spawning biomass of northern anchovy,
Engral~lis~. U.S. Nat!. Mar. Fish. Serv., Fish. Bull.
70:849-874.
SPALDING, D. J.
1964. Comparative feeding habits of the fur seal, sea lion, and
habour seal on the British Columbia coast. Bull. Fish. Res.
Board Can. 146, 52 p.
STANSBY, M. E.

1976. Chemical characteristics of fish caught in the northeast
Pacific Ocean. Mar. Fish. Rev. 38(9):1-11.
STROUD, R. K., C. H. FISCUS, AND H. KAJIMURA.
1981. Food of the Pacific white-sided dolphin, LagencrhynchU$ obliquidens, Dall's porpoise, Phocoerwides dalli, and
northern fur seal, CallorhinU$ ursinU$, off California and
Washington. U.S. Nat!. Mar. Fish. Serv., Fish. Bull. 78:
951-959.
TAKA, S., M. KITAKATA, AND T. WADA.

1980. Food organisms of saury, Cololabis saira (Brevoort)

and vertical distribution of zooplankton in the southeast
waters off Kuril Islands in July, 1976-1978. [In Jpn., Engl.
summ.] Bull. Hokkaido Reg. Fish. Res. Lab. 45:15-41.
TAYLOR, F. H. C., M. FUJINAGA, AND F. WILKE.
1955. Distribution and food habits of the fur seals of the
North Pacific Ocean. U.S. Dep. Inter., Fish Wildl. Serv.,
Wash., DC, 86 p.
THOMPSON, W. F.

1921. The future of the sardine. Calif. Fish Game 7:3841.
VROOMAN, A. M., AND P. E. SMITH.
1971. Biomass of the subpopulations of northern anchovy
Engraul-is llwrdaz Girard. Calif. Coop. Oceanic Fish.
Invest. Rep. 15:49-51.
WATT, B. K., AND A. L. MERRILL.

1963. Composition of foods ... raw, processed, prepared.
U.S. Dep. Agric., Agric. Handb. 8, 190 p.
WESPESTAD, V. G., AND L. H. BARTON.
[1981]. Distribution, migration, and status of Pacific herring.
In D. W. Hood and J. A. Calder (editors), The eastern Bering Sea shelf: Oceanography and resources, Vo\. I, p. 509525. U.S. Gov. Print. Off., Wash.. DC.
WILKE, F., AND

K.

W. KENYON.

1952. Notes on the food of fur seal, sea lion and harbor porpoise. J. Wildl. Manage. 16:396-397.
1954. Migration and food of the northern fur seal. Trans.
North Am. Wild\. Nat. Resour. Conf. 19:430-440.
1957. The food of fur seals in the eastern Bering Sea. J.
Wild!. Manage. 21:237-238.
WOLF, P., AND P. E. SMITH.
1985. An inverse egg production method for determining the
relative magnitude of Pacific sardine spawning biomass off
California. Calif. Coop. Oceanic Fish. Invest. Rep. 26: 130138.
WOOTTON, R. J.
1976. The biology of the sticklebacks. Acad. Press, Lond.,
387 p.

971

