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ABSTRACT

The purpose of this study was to determine which organ
isms are the major food items for larval walleye pollock, 
Theragra chalcogramma, in the southeastern Bering Sea.

The gut contents of 697 larval walleye pollock collected 
in the southeastern Bering Sea were examined. The larvae 
ranged in size from 4.8 mm to 17.7 mm. All food items were 
identified to taxa as far as condition would allow. The 
width of all intact food items was measured.

Copepod nauplii and eggs composed the largest portion of 
the food items taken by the smallest larvae. As the size of 
the larvae increased, greater numbers of larger food such as 
copepods were taken. Oithona similis was the most common 
copepod ingested.

Feeding incidences were 100% for size groups 7.8-8.7 mm 
and longer and varied considerably for size groups 6.8-7.7 mm 
and smaller. This may indicate that food availability is 
limiting only for larvae 7.7 mm and smaller.
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INTRODUCTION

Walleye pollock, Theragra (Pallas), of the
family Gadidae, is the only member of the genus Theragra.
The walleye pollock is a widely distributed semi-demersal 
species in the North Pacific Ocean, and ranges from central 
California through Canadian waters, north to the Gulf of 
Alaska, down the Aleutian Islands, up to St. Lawrence Is
land, and westward to the Gulf of Anadyr. Along the west 
coast of the Pacific, T. ahalcogramma is found from the Gulf 
of Anadyr and down the Asian coast to waters off Japan and 
Korea (Chang 1974). Theragra chaleogramma is particularly 
abundant in the southeastern Bering Sea. In surveys con
ducted by National Marine Fisheries Service in the eastern 
Bering Sea, pollock accounted for 40.3% of the apparent 
biomass of all fish and invertebrates collected (Kaimmer et 
at. 1977). Pollock biomass in the entire survey area was 
estimated at 2.4 million metric tons.

The large production of organic matter in the Bering 
Sea supports abundant populations in the upper trophic 
levels as is evidenced by extensive commercial fisheries and 
the large populations of sea birds and mammals occurring in 
this area. This production is promoted by many unique ocea- 
ographic conditions. The shelf is extremely broad in the 
southern Bering Sea. Ice covers at least a portion of the 
Bering Sea from mid-December to March, supporting a
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population of under-ice algae and subsequent ice-edge pro
duction (McRoy and Goering 1974). Even though water ex
changes freely through the passes, the Bering Sea is at 
least partially isolated by the Aleutian Ridge. My study 
focuses mainly on the outer shelf region in the southeastern 
Bering Sea extending from the shelf break landward to the 
100 m contour. This is the transition zone between two 
major water masses, the warm saline Bering Sea source water 
and the cold, less saline deep shelf water (Coachman and 
Charnell 1977). This transition zone possesses two fronts 
separated by an interfrontal region with almost no horizon
tal gradients in salinity (personal communication, L. K. 
Coachman 1977).

Pollock are fished commercially by the U.S.S.R., Repub
lic of Korea, and Japan. The Republic of Korea and the 
U.S.S.R. entered the pollock fishery in 1968 and 1969, re
spectively. The Japanese fished commercially in the Bering 
Sea between 1910 and 1935 (Tomabechi 1972) . The fishery was 
greatly reduced during the war, and after World War II the 
Japanese did not resume fishing in the Bering Sea until 1954 
Originally yellowfin sole was the target species for the 
fishery, but, as the sole stocks declined, pollock became 
the major target species. The fishery for pollock was great 
ly enhanced by the development of techniques for processing 
pollock into "surimi", a semi-processed wet fish product.
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A great portion of the annual commercial fishing occurs 
when the stocks of pollock concentrate to spawn on the con
tinental shelf during the spring season. Large spawning 
schools form over the outer shelf at depths of 100-150 m. 
According to Soviet surveys (Serobaba 1974) the greatest 
spawning concentrations in the southeastern Bering Sea form 
northwest of Unimak Island in May. Japanese data show an 
additional spawning concentration northwest of the Pribilof 
Islands (Maeda 1972). Maeda (1972) has postulated that this 
is an indication of the existence of two separate spawning 
stocks. Pollock migrate toward the central shelf for forag
ing during the summer and over-winter on the outer continen
tal shelf and slope. Smith et al. (1977) in a review of 
data from Soviet, Japanese and Outer Continental Shelf En
vironmental Assessment Program surveys in the Bering Sea 
concluded that foraging central shelf concentrations of 
pollock occurred only in relatively warm years and were 
lacking in cold years 1971 through 1975. The distribution 
of juveniles one to two years old is unclear, but they are 
usually distributed higher in the water column than adults

(Serobaba 1970).
Pollock spawning is protracted and occurs from March

through May in the southeastern Bering Sea. Eggs are re
leased at depth and rise rapidly to the surface waters 
(Serobaba 1974). Incubation time from fertilization to
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hatching is 24.5 to 27.4 days at 2°C (Hamai et 1971) .
Feeding by the newly hatched larvae initiates a short time 
before complete yolk sac absorption.

Recruitment into the fishery is thought in many marine 
fishes to be greatly influenced by the survival of the ear
liest larval stages (Hjort 1914). Lack of food during this 
early "critical period" is hypothesized to be a cause of 
larval mortality. Many studies have tried to determine 
whether food availability is indeed limiting during the early 
larval stages of fishes. Marr (1956), and more recently May 
(1974), have reviewed the success of this work. The evidence 
for starvation in the early stages is not conclusive and 
seems in many cases to be species specific (May 1974). Since 
May's review, work has continued on the effect of food avail
ability on the larvae. Lasker (1975) has used laboratory 
spawned larvae to identify suitable feeding grounds for 
EngvauZis movdax, the northern anchovy, at sea and has re 
lated the presence of these suitable feeding areas to specif
ic short-term oceanographic conditions. Laurence (1974) has 
shown that the larval survival of Melanogrammus ,
the haddock, is affected by prey concentration. A bioener- 
getic model to analyze feeding and survival of Pseudopleuvo- 
neotes amevdoanus , the winter flounder, larvae (Laurence
1977), suggests that a "critical period" of high mortality 
affected by prey density might exist.
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These studies do suggest that food could also be the 
critical factor in the survival of larval pollock. However, 
to determine if mortality is due to lack of food, the nutri
tional requirements of the larvae must be determined.

Some studies of the feeding habits of pollock have 
been completed. Gorbunova (1954) examined the stomachs of 
fish from the west coast of the Bering Sea, and Takeuchi 
(1972) examined larvae from the waters off the west coast 
of Kamchatka. Recently Kamba (1977) completed an extensive 
study of the vertical distribution and feeding habits of 
larval walleye pollock from Uchiura Bay, Hokkaido. To date 
information on the feeding habits of walleye pollock larvae 
in the southeastern Bering Sea is lacking.

An understanding of the early life history stages of 
the walleye pollock is central to the ecosystem study,
PROBES (Processes and Resources of the Bering Sea) , which 
is attempting to describe organic matter transfer processes 
by utilizing walleye pollock as a target species. The pur
pose of my study was to determine which organisms are impor
tant as food items for larval pollock in the southeastern 
Bering Sea. Evidence to support the hypothesis that high 
mortality in a year class is caused by starvation in the 
early larval stages is explored in this thesis.
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MATERIALS AND METHODS

Specimens of Theragra ohaloowere collected on
board the University of Alaska's Research Vessel Aaona 
during the 1977 PROBES field season in the southeastern 
Bering Sea (Figure 1). Additional samples were collected 
on the NOAA Ship Surveyor in conjunction with Outer Conti
nental Shelf Environmental Assessment Program, and from the 
NOAA Ship Miller Freeman by National Marine Fisheries Ser
vice personnel from the Northwest Fisheries Center, Seattle.

Ichthyoplankton was collected using a 60 cm Bongo net. 
At most stations a .505 mm mesh net was used on one side of 
the frame and a .333 mm net was used on the other side. In 
some cases when clogging of the nets by phytoplankton was 
evident, two .505 mm nets were used. Double oblique tows 
were made from the surface to a depth ranging from 50 m to 
70 m during cruises on the Acona and , and from the 
surface to near the bottom during Miller Freeman cruises. 
Depth was usually measured using a mechanical time-depth 
recorder (Benthos bathykymograph). The volume of water fil
tered through each net was measured using a General Oceanics 
mechanical flowmeter. All plankton samples were preserved 
in 10% formalin.

Six hundred and ninety-seven pollock from 36 stations 
and 46 tows were examined (Figure 1, Appendix A). Pollock 
were sorted from the samples in the laboratory. It should
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Figure 1. Station locations of larvae examined from Aeona cruises 
242 and 243, May-June 1977 (•); Surveyor cruises 002 
and 003, April 1977 (a ,o); and Miller Freeman cruise 
B-5, April 1977 (*).



be noted that four other gadoids, Gadus

(Tilesius), Mdcrogadus proxdmus (Girard),
(Tilesius), and Boreogadus sadda (Leprechin) occur in the
Bering Sea (Wiliamovsky 1958, Hart 1973). They are almost 
impossible to positively distinguish from larvae of T. 
chaleogramma. This made the sorting process somewhat sub
jective. Initially all fishes identified as Gadidae were 
sorted from the plankton sample. Occasionally a few larvae 
were noted to have slightly different pigmentation, body 
shape and eye diameter. These were thought to be other 
gadoids and were removed from the sample. The remaining 
larvae were assumed to be pollock. Owing to the low numbers 
of other Gadidae found commercially in the Bering Sea as 
compared to the number of pollock, it was assumed that an 
insignificant number of non-pollock were identified and 
examined as T. chaleogramma.

The lengths of all larvae were measured to the nearest 
0.1 mm using a dissecting scope with an ocular micrometer. 
Standard length of all larvae was measured. This was mea
sured from the tip of the upper jaw to the posterior tip of 
the notocord. Later, for convenience during data analysis, 
larvae were grouped into thirteen size categories.

The whole alimentary canal was dissected away from the 
body and then examined by opening the gut along its length 
and removing all food items. Food items were then examined
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at a magnification of 10OX. Each organism found in the gut 
was identified and the maximum width of all intact food 
items was measured using an ocular micrometer. Width was 
determined with appendages folded against the organism's 
body. I assumed that food is swallowed "head on", there
fore maximum width is more likely to determine ingestibility

of a food item.
The number of individuals of each food type was deter

mined for all larvae in each size category. The numerical 
percent composition of each food type was then calculated

for each size group.
A multiple comparison procedure using the Student- 

Newman-Keuls test (Sokal and Rohlf 1969) was used to deter
mine which means are significantly different (P=.05).

Feeding incidence, defined as the percentage of larvae 
in any collection with at least one food item in the gut, 
was determined for all size groups and station locations.
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RESULTS

Types of Food
Twenty-four different food items were identified for 

all sizes of pollock larvae (Table 1). Copepod nauplii, 
copepods eggs, and the small cyclopoid copepod Oithona 
similis made up the largest proportion of food taken (Table 
1; Figure 2). Copepod nauplii and eggs were the major food 
items by number for the 4.8-9.7 mm group. Larvae 4.8-6.7 mm 
in length, some of which still retained remnants of the 
yolk sac, fed almost exclusively on copepod nauplii and 
eggs (Table 1; Figure 2). These eggs had a mean diameter 
of 125 y. It was noted that copepod eggs in some cases were 
not easily digested. Whole copepod eggs, apparently unaf
fected by passage through the gut, were observed near the 
anus. Occasionally just-collapsed corions were also found.

Small copepod eggs, 5 y in diameter, also occurred in 
the guts of many fishes (Table 1), both in egg sacs and in 
broken clusters. It is most likely that these eggs were 
taken coincidentally with adult copepods. Since many egg 
sacs were broken, no estimate of the number eaten could be 
made. The presence of these tiny eggs in a gut was listed
as one food item.

Copepod nauplii were also a common food item. The 
percentage of the total food contributed by nauplii varied 
from 24% for fish in size category 15.8-16.7, to 68% in
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Table 1. Numerical composition and percent composition by
number of each food type found in guts of thirteen 
size groups of larval walleye pollock (size groups 
in mm).

4.8-5.7 5.8-6.7 6.8-7.7
Food category No. % No. % No. %

Phytoplankton
Peridinium sp.

Planktoniella sp. 
Thalassiosira sp.

Zooplankton
Tintinnida

Codonellopsis sp.
Copepoda

eggs
nauplii
egg clusters
unidentified copepoda

Calanoida
Calanus spp.
Vseudooalanus 
Euoalanus
Aeartia longdremis 
Aoavtia tumida 
Centropages abdominalds

Cyclopoida
Oithona s-imitis 
Oncaea sp.

10

56
86

6 . 0

3.6

33.7
51.8

.6

1 .5
4 2.2

57
114

.5

31.0
62.0

.5

58
170

8

2
1

.4

23.3 
68. 3
3.2

.8

.8

.4

Euphausiacea
nauplii
metanauplii
calytopsis
furcillia

Appendicularia
Oikopleuva sp.

Food aggregates 1 .6 1 .5
Unidentified crustacean eggs 1 .6 7
Unidentified food items 5 3.0 5 2.7
Total number of food items 166 184 249
No. of larvae examined 102 92 51
No. of empty guts 51 50 13
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Table 1. Continued
13.8

Food category No.

Phytoplankton
Pevidi-nium sp. 
Planktonietla sp. 

Th.alassiosira sp.
Zooplankton
Tintinnida

CJ O d o T t o p  S 'Is ss p .

Copepoda
eggs 60
nauplii 439
egg clusters 4
unidentified copepoda 24

Calanoida
Calanus spp. 14
Pseudooalanus spp. 94
Euoalanus bu 9
Acartia longiremis 24
Acartia tumida 1

Centvopages
Cyclopoida

Oithona simdl'is 238
Oneaea sp. 4

Euphausiacea
nauplii 13
metanauplii 28
calytopsis 7
furcillia 3

Appendicularia
Oikopleura sp.

Food aggregates
Unidentified crustacean 15

eggs
Unidentified food items
Total number of food items 977 
No. of larvae examined 40
No. of empty guts 0

14.7 14.8-15.7 15.8-16.7
% No. % No. %

6.1 2 .2 19 2.9
44.9 316 35.6 157 24.3

.4 4 .5 2 .3
2.5 29 3.3 10 1.6

1.4 23 2.6 8 1.2
9.6 58 6.5 37 5.7
.9 18 2.0 23 3.6

2.5 45 5.1 45 7.0
.1 7 .8 12 1.9

1 .1

24.4 224 25.2 209 32.4
.4 1 .1

1.3 28 3.2 9 1.4
2.9 50 5.6 26 4.0
.7 44 5.0 37 5.7
.3 5 .6 2 .3

12 1.4 28 4.3

1.5 14 1.6 13 2.0
7 .8 9 1.4

888 646
51 33
0 0

14



Table 1. Continued

Food category
10.8-11.7 11.8-12.7 12.8-13.7
No. No. No.

Phytoplankton
Peviddnium sp. 
Planktondella sp. 
Thalassdosdra sp.

Zooplankton
Tintinnida

Codonellopsds sp.
Copepoda

eggs 
nauplii 
egg clusters 
unidentified copepoda

Calanoida
Calanus spp.
Pseudooalanus spp. 
Euoalanus bu

Aaartda longdr

Aaartda t u m d d a
Centropages

Cyclopoida
Odthona simdlds 

Onoaea sp.
Euphausiacea

nauplii 
metanauplii 
calytopsis 
furcillia

Appendicularia
Odkopleura sp.

Food aggregates 
Unidentified crustacean 

eggs
Unidentified food items
Total number of food items 945 
No. of larvae examined 54
No. of empty guts 0

40 4.2 51 7.1 22 4.2
591 62.5 364 50.5 269 50.9

2 .2 3 .4 7 1.3
11 1.2 12 1.7 9 1.7

7 .7 7 1.0 2
50 5.3 28 3.9 19

2
18 1.9 8 1.1 16

2 .3

.54 16.3 145 20.1 158
4 .4 3 .4 3

40 4.2 63 8.7 10
4 .4 9 1.3 4

14 1.5 14 1.9 1
1 .1

10 1.1 11

721
50
0

1.5

529
26
0

3,
3'

.2

1.1

13

tO 
00 

G\
 

o 
 ̂

CT
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Table 1. Continued
7.8-8.7 8.8-9.7 9.8-10.7

Food category No. % No. % No. %

221
463

5
24

1
9

22
25

15

27.1
56.7

.6
2.9

.1
1.1

Phytoplankton
Pevidinium sp.
Planktoniella sp.
T h a l a s s i o s i v a  sp. 1 .1

Zooplankton
Tintinnida

Codonellopsis sp.
Copepoda

eggs 
nauplii 
egg clusters 
unidentified copepoda

Calanoida
Calanus spp.
Pseudooalanus spp.
Euoalanus bungii bungii 
Aeartia longiremis 1 .1

Aeavtia tumida 
Centvopages abdominalis

Cyclopoida
Oithona similis 
Onoaea sp.

Euphausiacea
nauplii 
metanauplii 
calytopsis 
furcillia

Appendicularia
Oikopleura sp.

Food aggregates 1 .1
Unidentified crustacean eggs 25 3.
Unidentified food items 3 .4
Total number of food items 816
No. of larvae examined 69
No. of empty guts 0

2.7
3.1

1.8

350
371
4

33

4
21
1
1

48
7

13
2
5

25
7

893
76
0

.1

39. 2 
41.5 

.5
3.7

.5
2.4
.1
.1

5.4
.8

1.5
. 2
. 6

2.8
.8

38
140
4

12

10
22
4
1

7
2
5

324
32
0

11.7
43.2
1.2
3.7

3.1 
6.8
1.2 
.3

69 21.3
4 1.2

2.2
. 6

1.5

1.9

12



Table 1. Continued 

Food category
16.8-17.7
No. %

Phytoplankton
Pevidinium sp. 
Ptanktoniella sp. 
Thalassiosiva sp.

Zooplankton
Tintinnida

CodoneHopsts sp.
Copepoda

eggs 2
nauplii 111
egg clusters 3
unidentified copepoda 9

Calanoida
Calanus spp. 34

Pseudooalanus spp. 32
Euealanus bungii bungi-i 8 

Aeavtia longivemis 14
Aeavtia tumida 7

Centvopages abdomin
Cyclopoida

Oithona simitts 159
Oncaea sp.

Euphausiacea
nauplii 4
metanauplii 9
calytopsis 21
furcillia 1

Appendicularia
Oikopleuva sp. 4

Food aggregates
Unidentified crustacean eggs 4
Unidentified food items
Total number of food items 422
No. of larvae examined 21
No. of empty guts 0

.5
26.3

.7
2.1

8.1
7.6 
1.9 
3.3
1.7

37.6

1.0
2.1
5.0

. 2

1.0

1.0

15
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size category 6.8-7.7 nun (Table 1; Figure 2) . Evidently 
nauplii became a less important food item as pollock larvae 
increased in size. The number of copepod eggs found in the 
guts of the older fish also declined. The number of eggs 
decreased from 39.2% to 11.7% between size groups 8.8-9.7 
and 9.8-10.7 and continued to be eaten in low numbers as 
the fish grew (Table 1).

The number of 0. similis found in the gut increased 
starting with the 9.8 mm fish (Table 1; Figure 2). 0.

similis contributed a larger portion of the total food
items than all other copepods combined. Members of two 
other small copepod genera, Pse spp. and Onoaea 
spp., were components of the total diet for many size 
classes. The number of copepods other than 0. similis, 
including Acartia longivemis and Calanus spp., did increase 
in the larger sized fish.

Juvenile stages of euphausiids were also found and 
became more predominant in the older larvae. Euphausiid 
nauplii first appeared in the guts of 7.8-8.7 mm size fish 
(Table 1), followed in older fish by metanauplii, caly- 
topsis and furcillia. Also present as a food item were 
unidentified crustacean eggs. The mean size of these eggs 
was about 300 y. Judging from their size, it is possible
that they were euphausiid eggs.
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Phytoplankton was not an important food in any size 
class of pollock (Table 1). Phytoplankters were only pre
sent in the 4.8-9.7 mm fishes, and then only in small num
bers. Phytoplankton also occurred in a gelatinous unidenti
fiable mass listed as a food aggregate.

Oikopleura sp. was found occasionally in T. 
gvamma 12.8 mm and longer. The presence of sp.
seemed to be related to station location, since fishes from 
most stations contained no Oikopleura sp.

Food Size
The width of all food items was measured in order to 

examine any relationship between the size of the food in
gested and the length of the larvae. Fishes 4.8-6.7 mm 
long, the first-feeding larvae, ingested food with widths 
from 40-240 y. The maximum food size increased to about 
400 y for fish 6.8—7.7 mm long (Figure 3). Maximum food 
width increased to 600 y for 13.8-14.7 mm fish, and in
creased again to 800 y for the 16.0 mm and longer larvae 
(Figure 3). The minimum food size did not change measurably 
(Figure 3). The minimum size ingested increased to 100 y 
for the 6.8-7.7 mm size group, and stayed at approximately 
that size for the rest of the groups.

18
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Feeding Incidence
Feeding incidence changed considerably as the fish's 

length increased (Figure 4). Collections of larvae 7.8 mm 
and longer demonstrated feeding incidences of 100%. Gut 
content analyses suggest that food items are seldom in short 
supply for these fish. Feeding incidences were also noted 
to vary considerably in time and space. Feeding incidences 
less than 100% occurred only in fish captured between April 
4 and May 1, 1977, on the NOAA Ships Miller Freeman and 
Surveyor (Figure 5). Most of the 4.8-7.7 mm fish analyzed 
were caught on these days. None of the fish taken on April 
4 had food items in their gut (Figure 5). Pollock from 
stations taken on April 16 and 17 had feeding incidences 
which ranged from 18-100%. The range for stations taken on 
April 31 and May 1, 1977, was 15-100%. The three stations 
taken one-half hour before the one-half hour after sunrise 
had the lowest feeding incidences. Pollock from stations 
taken from May 12 to June 10 all had feeding incidences of 

100%.
Feeding incidences of fish of the same size group but 

from a different station location varied considerably for 
fishes in the three smallest size groups (Figure 6). The 
feeding incidence of larvae in size groups 7.8-8.7 mm and 
larger showed no variability in feeding incidences regard
less of the station location, or time of collection.
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Number of Food Items Ingested
The mean number of food items found in the gut of 

those larvae with food in their guts was calculated for 
each size group. The mean number of food items increased 
from 3 for larvae 4.8-5.7 mm to 27 food items in the 16.8-
17.7 mm size group (Figure 7). A posteriori tests for a 
multiple comparison among means, for samples of unequal size, 
revealed three subsets of means (Figure 7). For subsets 
showing no overlap, all means of one subset are significant
ly different from all means in other subsets. For those sub
sets showing overlap, the above holds except for those means 
in the overlap area.
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DISCUSSION

It is the general opinion of biologists that recruit
ment into a fishery is greatly influenced by mortality occur
ring at a critical period some time during early life history 
of a fish. Most larvae are apparently very susceptible to 
starvation at this time. The purpose of this study was to 
determine the feeding dependencies of larval walleye pollock.

Gorbunova (1954) studied the food of larval walleye 
pollock from the west coast of the Bering Sea. Diatoms, 
copepod eggs and copepod nauplii were listed as food types 
ingested by larvae 6-20 mm long. Larvae 10-20 mm contained 
fewer diatoms and additionally consumed copepodids and adult 
copepods. Takeuchi (1972) examined larvae from waters off 
the west coast of Kamchatka. Larvae 5.8-7.7 mm long con
tained the centric diatom Coscinodi sp., copepod eggs 
and copepods. Food of larvae 14-18 mm long was similar ex
cept no Coscinodisous sp. was taken. Unfortunately both 
studies were very limited. Only 10 larvae 6.0-7.7 mm long 
and 10 larvae 14-18 mm long were examined by Takeuchi (1972). 
Gorbunova (1954) examined 44 larvae 6-20 mm long. Kamba 
(1977) completed a very extensive study of the vertical dis
tribution and feeding habits of larval walleye pollock from 
Uchiura Bay, Hokkaido. He lists the small copepod Pseudo- 
caianus minutus , copepod nauplii and eggs as the major food 
items. Phytoplankters were seldom taken by larvae.
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The 24 food types listed in this study are similar to 
those observed by other workers. Copepod eggs and nauplii 
were a major food for all first-feeding larvae examined. 
However, some differences were noted. Kamba (1977) reported 
large numbers of Pseudoealanus and low numbers of
Oithona similis. In contrast, in the southeastern Bering 
Sea, my results demonstrate large numbers of 0. similis and 
fewer numbers of Pseudoealanus spp. in the stomachs of lar
vae (Table 1; Figure 2).

Most of the copepods taken by larvae are commonly 
found in the upper 200 m of the water column during the late 
winter and spring months. Euealanus bungii 
calanus spp., Oithona similis and are
abundant in the Bering Sea, especially in the upper 50 m 
(Minoda 1972). Metvida lueens , also very abundant in the 
upper water column, was not taken by any larvae.

Unidentifiable gelatinous masses, termed food aggre
gates, were observed in the guts of some larvae (Table 1). 
These have not been reported in the guts of larval pollock 
from any other study. It is possible that these are food 
boluses or fecal pellets of zooplankton or organic aggre
gates (Silver et at. 1978). These food aggregates may be 
included as part of the unidentified food items in other 
studies.
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Takeuchi (1972) and Gorbunova (1954) have described 
phytoplankters as an important food for first-feeding lar
vae. Working with samples collected from the western Pacif
ic, they presented data which indicate that phytoplankton 
is commonly taken by small larval walleye pollock. Data of 
Kamba (1977) and the author indicated that few phytoplank
ters were eaten. Gorbunova (1954) reported the diatoms 
Cosci-nodiscus spp. , Thalassiosiraspp. , Chaetocerous spp. , 
and FragiZaria spp. comprised a major component of the food
of the smallest larvae. Takeuchi (1972) reported that lar
vae between 6.0 and 7.7 mm collected from the west coast of 
Kamchatka took many Coscinodiscus sp. Data of Kamba (1977) 
and the author indicate that phytoplankters were taken in 
very low numbers (Table 1). Hamai et at. (1974) reported 
no survival of fish reared on Nitchia . At
least in the case of N. chlosterium, larvae were not able 
to survive on phytoplankton. It is probable that diatoms 
are not a nutritionally important food for larval pollock. 
Studies of other gadoids suggest a similar lack of phytoplank
ters in their diets. Marak (1960) noted very low numbers of 
phytoplankton in the guts of Gadus Melanogrammus

aegZefinus, and PoZZachius vivens larvae from Georges Bank,
while Wiborg (1948) reported no recognizable phytoplankton 
in the guts of cod larvae in the coastal waters of northern 
Norway.
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The type of food eaten by larval pollock in the south
eastern Bering Sea changes considerably as the larvae grow 
(Table 1). In general, larger sized food was eaten by the 
larger larvae, but copepod nauplii were eaten by all sizes 
of larvae, contributing a smaller portion as the fishes 
grew. Copepod nauplii have been described as an important 
food for many species of larval fishes (Arthur 1976; Yokota 
et al. 1961). The number of copepod eggs decreased in the 
diets of the larger fishes. Copepods increased from 5.2% 
of the total food items taken by 6.8-7.7 mm fish to 62.3% 
in the largest size group (Figure 2).

Maximum food width increased in larger size groups, 
while the minimum changed very little. It is possible that 
the change in diet represents only an ability to eat larger 
food items. Lebour (1920) considered that the diet of some 
larvae depends on the size of the mouth and gullet. The 
progressive shift to a larger average food size may also 
reflect the life history of the food item species, resulting 
in greater numbers of large mean size food items in the en
vironment. The higher numbers of large food items may not 
represent a strict selection by pollock larvae. More likely 
the change in size of food eaten indicates a combined effect 
of both the ability to catch and eat larger food items and 
the increased size of available food.
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The number of food items eaten by individual fishes 
increased considerably as the larvae grew (Figure 7). How
ever, the rate of digestion may be rapid during the early 
life history stages accounting for the low numbers of food 
items found in the 5.0-6.5 mm fishes. Certainly the in
creased capacity of the gut of older fish allows a greater 
number of food items to be retained. Also, the higher 
numbers of food items in the older fish may merely be due 
to greater success by fish in capturing food and the great
er abundance of appropriate sized food.

All larvae 7.8 mm and longer had feeding incidences 
of 100%, however larvae of size group 6.8-7.7 mm and smal
ler had feeding incidence ranging from 45% to 73%. These 
lower feeding incidences may be evidence that some of the 
smaller larvae are starving.

The feeding incidences of larvae 4.8-7.7 mm vary con
siderably in time and space. The feeding incidences vary 
depending on the date and time the larvae were collected.
A diurnal feeding pattern for larval pollock was described 
by Kamba (1977). The low feeding incidences of the three 
stations taken at dawn may indicate such a diurnal feeding 
pattern but the sample size is too small to be conclusive. 
Date of collection of larvae may have an effect on feeding 
incidence values. In the study, all larvae collected on 
stations occupied after May 1 had feeding incidences of 100
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The date of collection may have an effect on the develop
mental stage of larvae collected. Larvae of the same ap
proximate size hatching at different times and in slightly 
different areas may still differ considerably in development, 
due to such factors as slight differences in water tempera
ture and quality. Some larvae of same sizes may be unable 
to feed and this may be the cause of the low feeding inci
dences of larvae taken on April 4.

Feeding incidence seems to vary considerably for 
smaller larvae in the same size group taken from different 
station locations. Station location may indeed have an 
effect on feeding incidence. This is probably due to the 
variation in richness of food at different stations. Zaika 
and Ostrovskaya (1972) indicate that in some cases values 
for feeding incidence reflect food availability.

There is no variability in feeding incidences deter
mined for stations taken on May 11 and later, and for all 
size classes 7.8-8.7 mm and larger. Larvae from all sta
tions and all size groups have a feeding incidence of 100%.
In these larvae size may be an important factor in allowing 
them to obtain food easily. At this size copepods compose 
a larger portion of the food items, and their distribution 
may not be as patchy as the food items consumed by smaller 
larvae. The increased size range of acceptable food items 
may also increase their food resources considerably. Finally,
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larger, more mobile larvae may be able to search a wider 
area for food, integrating any small scale patchiness.

Unfortunately few stations were taken early in the 
year. A greater number of early first-feeding larvae would 
be necessary to examine the relationship among feeding 
incidence, larval size, station location and date of sam
pling. It is possible that small phytoplankters are impor
tant food for the larvae, but the preservation of pollock 
in formalin and rapid breakdown in the gut could destroy 
any evidence of the presence of naked dinoflagellates in the 
gut. Hunter and Thomas (1974) observed that dinoflagellates 
are more important as food than is evidenced by the numbers 
found in the gut of Engvaulis mordax (Arthur 1976) and at
tributed this to their rapid breakdown. Further, values of 
feeding incidences may be affected by defecation of food 
during capture and preservation. Most larvae were killed 
during capture, therefore defecation occurred during capture 
if at all. Food retention would be more difficult in small 
larvae with an undifferentiated gut. Takeuchi (1972) re
ported that the posterior portion of the gut curls in 7.7 
mm larvae. I have found larvae 6.5 mm long with this curl. 
This curling indicates a moderate differentiation in the 
gut. The values for feeding incidences could indicate in 
part an ability to retain food during capture. Feeding in
cidences ranged from 0-100% in samples handled in exactly

32



the same way. It seems unlikely that this is merely an 
indication of the number of fish defecating or otherwise 
loosing food during capture.

In conclusion, it can be seen that there is quite a 
change in the size, number, and type of food items taken as 
larvae grow. This pattern is also seen in studies from 
other areas, but there does seem to be some geographic dif
ferences. The major copepod species taken by larvae differs 
between this study and Kamba's (1977) study in Uchiura Bay. 
Additionally some other investigators consider phytoplank- 
ters to be important food items. This is not indicated in 
this study. High feeding incidences for larvae 7.7 mm and 
longer may indicate a dramatic change in feeding strategy 
and food availability for older larvae.
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FUTURE STUDIES

Food availability seems to be critical for the small
est fishes, and future studies should be directed toward 
the collection of larvae of this size. Relatively few stu
dies have been made to study the coincidence of food and 
larvae. An effort should be made to study the distribution 
of food items of appropriate size. Laboratory studies have 
shown that in some marine fish the food requirements for 
survival are higher than concentrations usually measured at 
sea (O'Connell and Raymond 1970; Hunter 1972). Oceanographic 
conditions which concentrate this food in small patches or 
wide areas should be studied. It may only be through such 
processes that food concentrations are high enough for larval 
pollock survival at sea.

All food items of an appropriate size may not be equally 
suitable for food. It was noted in this study that copepod 
eggs were probably not easily digested by larvae. Also, what 
appears as selection for certain copepod species may relate 
only to the swimming kinetics of certain prey and their rela
tive susceptibility to capture. Digestibility of various 
food items should be studied in feeding studies in the labo
ratory.

The clarification of these processes at sea would be 
aided considerably by laboratory studies. This would
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elucidate such factors as the concentration of food neces
sary for growth, the ability of larvae to capture and digest 
food, and the progressive change in these factors as the 
larvae grow.
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APPENDIX A

Station data from Surveyor cruises Su002 and Su003, 
Miller Freeman cruise MFB5 and Acona cruises AC242 and Ac243. 

Also listed are the number of larvae 
examined from each station.
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Station

Cruise Station Date
No.______ No.________1977

Su002 421 April 4
Su002 422 April 4
MFB-5 1 April 16
MFB-5 2 April 16
MFB-5 3 April 16
MFB-5 7 April 17
MFB-5 8 April 17
Su003 450 April 30
Su003 458 May 1
Su003 459 May 1
Su003 464 May 1
Ac242 1 May 11
Ac242 2 May 11
Ac242 4 May 11
Ac242 6 May 11
Ac24 2 9 May 12
Ac 242 11 May 12
Ac242 14 May 13
Ac242 17 May 13
Ac242 24 May 14
Ac242 27 May 14
Ac242 28 May 14
Ac 242 35 May 15
Ac242 40 May 20
Ac242 42 May 25
Ac242 48 May 26
Ac242 50 May 26
Ac242 51 May 27
Ac242 65 May 29
Ac242 72 May 29

APPENDIX A 
data for larvae examined

No. of larvae 
Local time Latitude Longitude_____examined

0128 54 ° 35.5 166 ° 39 . 8 42
0505 54 °11.1 167°09.8 8
1329 54 °12.5 166 015 .1 25
1715 54 ° 21.6 166 °44 . 0 13
2105 54 ° 37. 2 167 °15.0 25
0943 54 0 52.2 166 °46 . 9 33
1310 54 ° 36 . 8 166 °15.9 17
1715 56 0 24.8 170 °14.1 12
0028 55° 52.4 168 011.7 17
0509 55° 26.1 167 °49 .1 20
0900 55° 06.3 16 6 ° 35.9 8
0010 54 0 36.0 165 ° 27.9 14
0230 54 ° 45.0 165 0 51. 0 17
0820 55° 02.0 166 ° 34 . 0 17
1430 55°18.0 167 °15.1 20
0808 55°41.8 168 ° 23.7 19
1530 55° 56.0 168 0 20 .1 12
0015 55° 51.5 167 ° 31.0 8
1500 55°07.4 167 ° 22.8 13
0730 55° 09. 3 165 ° 59 . 3 2
1545 55°13.9 165° 28.8 20
1804 55° 25.0 165 ° 06.2 14
1255 55°14.0 164 ° 34.0 12
1835 54 ° 58.8 166 0 00 . 0 11
2215 54 ° 54 . 3 165 0 38.0 11
1450 55° 58.0 166 °10.5 13
2145 55° 29.0 166 0 25.0 11
0110 55°15.8 166°32.0 17
1605 56°20.7 168°04.0 29
2200 56 0 24 . 0 168 0 02 . 3 8



Cruise Station Date
No. No. 1977

Ac24 2 77 May 30
Ac 24 2 78 May 30
Ac24 3 45 June 7
Ac24 3 45 June 7
Ac24 3 45 June 7
Ac24 3 45 June 7
Ac24 3 45 June 7
Ac24 3 45 June 7
Ac24 3 53 June 7
Ac24 3 53 June 8
Ac243 63 June 9
Ac 24 3 63 June 9
Ac24 3 63 June 9
Ac24 3 63 June 9
Ac243 60 June 10
Ac24 3 60 June 10

APPENDIX A. Continued

No. of larvae 
Local time Latitude Longitude_____examined

1520 56 017 . 7 168 ° 07 . 7 4
2000 56 019 . 5 168 °11.0 22
0020 55° 38. 3 165 0 26 . 5 16
0149 55 0 38 . 3 165° 26.5 13
0845 55° 38. 3 165° 26.5 9
0910 55° 38. 3 165 0 26.5 15
1010 55° 38. 3 165 0 26 .5 4
1100 55° 38.3 165° 26.5 8
2200 55° 38. 2 166 0 41.5 7
0850 55° 38.2 166 0 41.5 14
0810 56 °15.4 167 013.0 6
0910 56 °15.4 167 °13.0 28
1120 56 °15.4 167 °13.0 10
1815 56 °15.4 167 °13 . 0 21
0830 55° 38.5 167 ° 55.8 27
1800 55° 38.5 167° 55.8 5


