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Prey Size and Weight Relations in Larval 
Walleye Pollock (Theragra chalcogramma) 0

·
2

) 

TSUNEO NISHIYAMA3 ) AND KAZUO HIRAN03 ), 4 ) 

Institute of Marine Science,. University of Alaska, 
Fairbanks, AK 99701, U.S. A. 

Abstract 
Numerical, size and weight compositions of gut contents in pre and post larval walleye pollack 
( Theragra chalcogramma), 4-16 mm total length, collected from the southeast Bering Sea, were 
analyzed in relation to fish size. 

Among 17 kind prey organisms observed, copepod nauplii, Oithona similis and Pseudocalanus 
sp., were most abundant, followed by Acartia longiremis, A. tumida and other calanoid copepodites. 
Copepod nauplii occurred almost exclusively in 4-6 mm larvae, whereas Pseudocalanus sp. and 
other large zooplankton appeared in 7 mm larvae, and steadily replaced copepod nauplii with an 
increase of fish size. This shift in prey composition with fish size was most clearly demonstrated 
by prey weight. Copepod nauplii were numerically important even in 12 mm or larger larvae, 
but were substantially less important in weight in 9 mm larvae. Despite their low abundance, 
Pseudocalanus sp. and other larger plankters move up a larger proportion of weight in gut con
tents in 7-8 mm larvae. Oithona similis seemed to play a role as a transitional prey for the 
larvae when the feeding habit shifts from copepod nauplii to larger zooplankton. The feeding 
index increased progressively with fish size, but the maximum and minimum indices increased 
abruptly at 7-8 mm and 12-14 mm, respectively. These changes appeared to be coupled with an 
increase of feeding capacity resulting from the changes in the type and size of prey organisms. 

Larval walleye pollock (Theragra chalcogramma) comprise the largest component of the 

ichthyoplankton community from spring through early summer in the southeast Bering 

Sea CW ALDROM 1981). In the southeast Bering Sea, a huge biomass of this species, in larval, 

juvenile and adult forms, supports high production of many other fishes (MITO 1974), marine 

mammals (FROST & LOWRY 1981) and sea birds (HUNT et al. 1981). In an attempt to 

elucidate the high production of walleye pollock, studies of feeding habits, prey biomass esti

mates and prey production rates led to the conclusion that a plentiful food supply during the 

early larval stages is most likely to ensure a high survival (WALLINE 1983, DAGG et al. 1984, 

NISHIYAMA et al 1984). However, the exact mechanisms which result in high production of 

this species have not yet been fully explained. 

GORBUNOVA (1954) described prey items of larval walleye pollock from different areas of 

the Bering and Okhotsk Seas. TAKEUCHI (1972) recorded the gut contents along the west 
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Kamchatka coast of the Okhotsk Sea and .examined the development of the alimentary tract 

-of the larvae. KAMBA (1977) depicted the .~easonal' changes in. prey composition in Uchiura 

(Funka) Bay, Hokkaido. NAKATA,NI & MAEDA Gl983) compal'.ed the areal difference of prey 
; I:_. i" ', • ·... , • ,, -

-0rganisms from the same Bay. In the east.em Bering Sea, CLARKE (1978) examined changes 

in prey composition relative to fish ~ize in pooled samples from an extended area and with 

season. These studies indicate that, regardless of geographic difference, copepod eggs, copepod 

nauplii, Oithona spp. and Pseudocalanus sp. are the major prey items of walleye pollock during 

·early life stages. 

To assess the food availability of larval fish in the surrounding water, it is necessary to 

·evaluate quantitatively the energy contents of prey in guts of larval fish. Although previous 

feeding studies have provided a certain knowledge of the numerical prey composition, little is 

known about the weight composition, and therefore, the role of major prey in terms of food 

·energy supply. We (1983) pointed out a wide variation of prey weight in larval walleye 

pollack, and posed a possibility that the ignorance of such variation will cause erroneous esti

mation of energy content in larval guts, and hence will lead to inadequate interpretation of 

the importance of each prey species. 

This paper reports the size relation between larval walleye pollock and their prey organisms, 

with emphasis on changes in numerical and weight compositions of prey and feeding capacity. 

Materials and Methods 
Larval walleye pollock were collected from 30 m depth with a closing net (MOTODA 1971) 

towed horizontally at a station (lat. 57°14'N and long. 162°25'W) in the southeast Bering 

Sea on June 24, 1980. 

Larval pollack were fixed and preserved in 5% buffered aquaous formaldehyde immediately 

following the sampling and sorted for later analysis of gut contents. The total length of each 

nsh was measured to the nearest 0.1 mm with a micrometer under a dissecting microscope. 

Fishes between 4. 0 and 16 mm were measured. Fish of this size range belong to the prelarval 

.and late post larval stages (HARYU 1983). One of five fish were selected from each 1-mm 

jnterval size group. Gut contents were then removed from each larva and placed on a slide 

glass, and stained with a mixture of methylene blue and lactic acid for closer observation. 

Prey items were identified to species and sexed whenever morphological characteristics were 

.distinct. We could not identify copepod eggs and copepod nauplii to species. Unidentifiable 

.calanoid copepodite larvae were treated as a group and assigned as calanoid copepodites. 

We measured the size of prey organisms under a dissecting microscope. The measure

ments of body parts differed by species: egg diameter for copepod and euphausiid eggs, cara

pace length for copepod nauplii, and metasome length for calanoid copepodites. In furcilia and 

.calyptopis stages of euphausiids, the carapace length was measured. The accuracy of each 

measurement was ±10 µm. 

The weight of individual prey organisms in guts was calculated from the measurements 

-Of body parts according to the mensulation formulae for each group of prey organisms (NISHI-
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Y AMA & HIRANO 1983), assuming that copepod and euphausiid eggs are spherical, copepod' 

nauplii are ellipsoid, calanoid copepodites are the composite of an ellipsoid (metasome) and a·_ 

cylinder (urosome), and euphausiid furciliae and calyptopis are the combination of two cylinders, 

carapace and abdomen. The total gut content weight was estimated by combining weights of 

individual gut items. Fragmented and unidentifiable materials in gut sample were excluded 1
• 

from the analysis and calculation, but the error from this exclusion seemed to be negligible.:: 

because of their minor proportion. 

The feeding index was calculated as percent weight of the estimated gut content weight 

to fish body weight. The fish body weight was converted from the length data based on an 

empirical length-weight regression: W=O. 0023L3' 40, where W is wet weight in g and L i~. 

the total length in mm (NISHIYAMA, unpubl.). 

Results 

Prey Compositions 

A total of 17 different prey organisms were identified from 50 guts (Table 1). Only three 

guts were empty. The numerical composition of prey changed significantly by larval size. 

Prey organisms were few in number and the species composition was less diverse in smaller· 

larvae, while numerous and diversified prey items were found in larger larvae. 

Phytoplankton were not found. Microzooplankton such as Codonellopsis sp. and Peridinium. 

TABLE 1. NUMBER OF PREY ORGANISMS OBSERVED IN THE GUTS OF LARVAL WALLEYE 
POLLOCK, COLLECTED FROM 30 M DEPTH AT LAT. 57°14'N AND LONG. 162°25'W IN 
THE SOUTHEAST BERING SEA ON JUNE 24, 1980. 

Size range of fish (mm) 
4.0 5.0 6.0 7.0 8.0 9.0 10.0 11. 0 12.0 13.0 14.0 15.0 16.0 

Kind of -4.9 -5.9 -6.9 -7.9 -8.9 -9.9 -10.9 -11.9 -12.9 -13.9 -14.9 -15.9 -16.9' 
prey organisms (5) (5) (5) (5) (5) (5) (5) (3) (3) (3) (3) (2) (1) 

Codonellopsis sp. 5 12 1 
Peridinium sp. 1 1 
Copepod eggs 1 3 28 28 27 9 74 85 53 
Copepod nauplii 13 61 61 111 229 170 136 13 24 14 12 7 
Calanoid copepodites 2 2 13 17 2 9 18 5 
Oithona egg cluster 2 2 8 
Oithona similis 1 9 6 4 2 13 1 5 6 
Acartia longiremis 1 2 4 15 4 11 20 1 2 
Acartia tumida 1 2 2 11 1 
Ca/anus marshallae 1 1 
Pseudocalanus sp. 1 1 4 10 13 3 1 20 9 10· 
Euphausiid eggs 3 4 1 
Euphausiid calyptopis 1 
Euphausiid furcilia 1 5 
Chaetognath 2 
Bivalve larvae 1 
Spermatheca 1 
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sp. occurred in small number only in small 4-6. 9 mm larvae. Copepod nauplii were observed 

in all fishes except a 16. 5 mm larva. Numerically, copepod nauplii were exceedingly high in 

larvae smaller than 10. 9 mm, but decreased appreciably in larvae larger than 11 mm. Copepod 

eggs were commonly found over the entire size range, with high abu~dance in larvae larger 

than 14 mm. The high abundance of copepod eggs is attributed to the intake of ovigerous 

females of Oithona similis and Pseudocalanus sp. carrying eggs. 0. similis with egg clusters 

were found in 8-11.9mm larvae, and Pseudocalanus sp. with egg clusters in 11-13.9mm 

larvae. Adult 0. similis first appeared in 5 mm larvae, and became common in larger larvae. 

In contrast, Acartia longiremis, Acartia tumida, Pseudocalanus sp. and other calanoid co

pepodites did not appear until fish reached 7 mm. Calanoid copepodites exhibited a relatively 

high proportion in larvae between 10 and 13. 9 mm, with a decline in larvae larger than 12mm. 
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Fig. 1. Size frequency distribution of prey organisms observed in the guts 
of larval walleye pollock. 
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A. longiremis showed a high abundance in 12-13. 9mm larvae. The :first appearance and 

abundance of Pseudocalanus sp. closely resembled those of A. longiremis, but their abundance 

increased in larvae larger than 14 mm. Euphausiid calyptopis and furc.iliae, and chaetognath 

were present only in larvae larger than 15 mm, but their abundance was very low. A single 

bivalve larva and spermatheca occurred in 6 and 14mm larva, respectively. 

Prey Size 

The size ranges and mean lengths of prey organisms found m the guts varied greatly with 

the type of prey (Fig. 1). Copepod nauplii ranged from 0.1 to 0. 3.mm, with a mean of 

0.192 mm. The histogram suggests a complexity in size composition. 0. similis existed from 

0. 30 to 0. 54 mm in length. Apparently, this. size range is situated between that of copepod 

nauplii and those of the other four zooplankton described below. The majority of 0. similis 

fell within a range between 0, 44 and. 0. 49 mm, with a mean of 0. 45 mm. The size ranges 

.of copepod nauplii .and 0. similis were narrow compared with those of other zooplankton. 

Calanoid copepodites, A. longiremis, A. tumida and Pseudocalanus sp. resembled each other 

in size range, but their distribution patterns, medians and means differed distictly. Calanoid 

copepodites showed a wide range from 0. 3 to 1.1 mm, with a mean of 0. 51 mm. The bimodal 

distribution suggests a composite of two size groups; the first between 0. 3 and 0. 7 mm and 

the second between 0. 6 and 1.1 mm. The size range of A. longiremis was almost identical 

to that of calanoid copepodites, but the mean (0. 71 mm) was significantly larger. A. tumida 

was larger in size range and mean (1. 04 mm) than A. longiremis. Pseudocalanus sp. ranged 

from 0. 5 to 1. 3 mm in length, with a mean of 0. 88 mm. Evidently, the distribution assumes a 

typical bimodality with medians at 0. 7 and 1.1 mm. This bimodality can be ascribed to the 

composite of the two different size groups: males and immatures of 0. 70-0. 92 mm and females 

-Of 0. 94-1. 32 mm. The egg diameter measured were 0. 06-0. 07 mm in 0 .. similis, 0.12-0.13mm 

in Pseudocalanus sp. and 0. 07-0. 22 mm in Calanus spp. The egg diameter of euphausiids 

ranged between 0.18 and 0. 42 mm. There was no apparent relationship between the larval 

size and the egg diameter of these plankters. 

Figure 2 illustrates the size ranges of copepod nauplii, 0. similis and Pseudocalanus sp. 

found in the guts of individual fish. The size range of prey was distinctly different from one 

another among the three kinds of prey without apparent overlapping. 0. similis were situated 

between copepod nauplii and Pseudocalanus sp.. The size range of copepod nauplii .and O: 

similis did not change over most of the whole size range of fish. Exceptionally, the smallest 

copepod nauplii were. found in small larvae between 4 and 6 mm. Contrarily, the maximum 

size and size range of Pseudocalanus sp. changed with fish size. While the minimum size 

remained almost constant regardless ·of fish size, the maximum size increased sharply in 7 to 

ll mm fish, and then became nearly constant in 16 mm :fish. Also, the size range -expanded 

appreciably in larvae larger than 11 mm. 

The mean size of .copepod nauplii in the guts was similar among the four size groups of 

the larvae (Table 2). The mean length was slightly larger in 13. 0-16. 9 mm larvae than in 

the other three size groups, but Student' t tests indi:Cate that the difference is not statistically 
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Fig. 2. Size ranges of prey organisms in the guts of individual in larval walleye pollock. 
The maximum and minimum sizes of prey in a fish are connected by a vertical line. 

TABLE 2. MEAN SIZE OF COPEPOD NAUPLII (MM) OBSERVED IN THE GUTS OF 

LARVAL WALLEYE POLLOCK. NUMBER OF MEASUREMENTS (N), MEAN (X) 
AND STANDARD DEVIATION (SD). 

Fish size No. of fish N x SD (mm) 

4.0 - 6.9 11 118 0.197 0.037 
7.0 - 9.9 14 484 0.195 0.037 

10.0 - 12.9 10 172 0.193 0.040 
13.0 - 16.9 5 33 0.204 0.036 

significant at a=O. 05 level. Table 3 shows that the mean size of 0. similis increased steadily 

with fish size, but the difference among the three size groups is statistically insignificant. 

Calanoid copepodites also. revealed an increase in the mean size from 7. 0-9. 9 mm larvae to 

13. 0-16. 9 mm larvae. The difference of the mean is not significant between 7. 0-9. 9 mm and 

10.0-12.9mm larvae, and between 10.l-12.9mm and 13.0-16.9mm larvae, but significant 

between 7.0-9.9mm and 13.0-16.9mm larvae (t=2.80, 0.05<P<0.02). In A. longiremis, 

the smallest size in 10. 0:-12. 9 mm larvae is not significantly different from that of 7. 0-9. 9 mm 

larvae. Instead, the mean size is significantly larger in 13. 0-16. 9 mm larvae (t=2. 60, 0. 01 < 

P<O. 02), compared with that in the two small size groups. The mean size of Pseudocalanus 

sp. also increased with fish size. The mean in 7. 0-9. 9 mm larvae is not statistically different 

from that in 10. 0-12. 9 mm larvae, but is different from that in 13. 0-16. 9 mm larvae (t=3.17, 

0. 001<P<O.0001). Likely, the mean size in 10. 0-12. 9 mm larvae is significantly smaller than 

that in 13.0-16.9mm larvae (t=4.04, P<0.001). 
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TABLE 3. MEAN SIZE OF ZOOPLANKTON (MM) OBSERVED IN THE GUTS OF LARVAL 
WALLEYE POLLOCK. MEAN ± lSD (NO. OF MEASUREMENTS) 

Fish size 

Zooplankton No. of 7.0 - 9.9mm No. of 10.0 - 12.9mm No. of 13. 0 - 16. 9 mm fish fish fish 

Oithona similis 8 0. 436±0. 051(16) 8 0. 457±0. 046(23) 5 0. 460±0. 034(12) 
Calanoid copepodites 9 0. 465±0.158(17) 8 0. 482±0.138(17) 4 0. 567±0.167(33} 
Acartia longiremis 5 0. 686±0. 090( 7) 8 0. 671±0.135(31) 4 0. 795±0. 209(21} 
Pseudocalanus sp. 4 0. 711±0.170( 7) 9 0. 768±0.187(25) 6 0. 973±0. 206(40} 

In summary, the mean sizes of copepod nauplii and 0. similis in guts do not differ sub

stantially with an increase in fish size, but when larger plankton serve as prey, the larger 

individuals tend to be taken by the larger larvae. The insignificant difference of the size of 

copepod nauplii and 0. similis can be ascribed to the narrow size range of these plankton 

organisms. 

Relative Weight Proportion of Prey 

The relative proportion of major prey organisms in weight reveals a characteristic change m 
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conformity with fish size (Fig. 3). Copepod and euphausiid eggs did not exceed 10% of the 

total prey weight over the entire size range of fish, but for a few high values in 4, 8 and 

10 mm larvae. Obviously, in larvae larger than 10 mm, copepod and euphausiid eggs did not 

constitute a meaningful fraction of foods in weight, despite their numerical predominance 

(Table 1). A pronounced change in weight proportion is depicted in copepod nauplii. In 

4-7mm larvae, copepod nauplii comprised the largest proportion up to 95-100%, except for a 

5 mm larva. Thereafter, the weight proportion sharply decreased to 30% at 9 mm, 6% at 

12 mm, and then became negligible in larger larvae. Like copepod and euphausiid eggs, the 

weight proportion of 0. similis was high in 5-12 mm larvae, with a declining trend toward 

14 mm. The maximum proportion did not exceed 37%. 

Calanoid copepodites, Acartia spp. and Pseudocalanus sp. were similar in occurrence. In 
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sharp contrast to copepod nauplii, these prey organisms constituted a major fraction m larvae 

larger than 8 mm. However, the weight proportion differed among the three. Calanoid 

copepodites did not exceed 40% but for two exceptionally high values at 14-15 mm. Unlike 

the calanoid copepodites, an increasing trend of the weight proportion was explicit in Acartia 

spp. and Pseudocalanus sp. These plankton increased steadily in larvae larger than 7 mm 

with the highest proportion occurring in 12-14 mm larvae. 

Comparison of Numerical and Weight Importance 

We examined the numerical and weight importance of major prey species relative to larval 

size. To illustrate the relative importance, the mean number and weight of prey organisms 

were calculated for 11-13 mm fish size groups of 1 mm interval. Calanoid copepodites, A. 

longiremis, A. tumida, and Pseudocalanus sp. were combined as large prey organisms, as these 

three kinds of organisms resembled each other in size. 

Figure 4 shows that the relative importance of prey differs with the kind of prey in 

numerical and in weight proportions. Although the numerical proportion of copepod nauplii 

remained high in larger larvae, the weight proportion decreased rapidly in 6 mm and larger 

fish. Typically, in 8 mm larvae, copepod nauplii contributed 90% in number but only 44% in 

weight. In 10 mm larvae, while the numerical proportion slightly decreased to 64%, the 

weight proportion dropped down to 12%. At 12 mm, the numerical proportion was 25%, but 

the weight proportion became negligible. In contrast, large zooplankton showed clearly an 

opposite trend. In 8 mm larvae, the relative importance of large zooplankton was only 3% in 
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number, but 31% in weight. In 10 mm larvae, the weight proportion increased up to 71%~ 

while the numerical proportion increased only to 20%. Thereafter, the weight proportion of 

large plankton steadily increased, until it began to decline in 15 mm larvae where these prey 

were replaced by euphausiid furciliae and other large plankton with fewer numbers. Unlike 

copepod nauplii and large zooplankton, 0. similis did not show such a drastic change in 

numerical and weight proportions. The weight proportion slightly exceeded the numerical 

proportion in larvae larger than 10 mm, and thereafter the relation reversed, though its 

relationship was not totally clear. 

Feeding Index 

Although the data points scattered widely, there was a general trend for the feeding indices. 

to increase gradually with an increase in fish size (Fig. 5). The increasing trend of the indices 

is given by an empirical linear regression: Y=O. 354X-0.124 (r=O. 904, P<O. 001), where 

Y is % gut contents to fish body weight, and X is the total length of fish in mm. Note 

that the maximum feeding indices increased abruptly at 7-8 mm and the minimum feeding 

indices increased discretely at 13-14 mm. 

Discussion 

The preceding results show an apparent succession of prey organisms with an increase in the 

larval size. Prey "in small larvae ( < 6 mm) consisted almost exclusively of copepod nauplii, 

but were replaced in larger larvae by 0. similis and large plankton such as Acartia spp., 

Pseudocalanus sp. and other calanoid copepodites. KAMBA (1977) showed that copepod nauplii 

comprised numerically 85-98% of the prey in 3-8 mm larvae, but declined to 4-6% in 15-20mm 

larvae, while Pseudocalanus sp. increased from 20-50% in 9-14 mm larvae to 85-98% in 15-

20 mm larvae. Similarly, CLARKE (1978) reported that copepod nauplii numerically occupied 

51-68% in 4. 8-7. 7mm larvae, with a decline to 24-26% in 15. 8-17. 7mm larvae, whereas 

Pseudocalanus sp. increased from 1.1% in 7. 8-8. 7 mm larvae to 9. 6% in 13. 8-14. 7 mm larvae. 

She also showed that 0. similis first appeared in 7. 8-8. 7 mm larvae comprising 2. 7% of the 

prey, peaked in 12. 8-13. 7 mm larvae with 29. 9%, and then decreased to 25. 2% in 14. 8-

15. 7 mm larvae. Although the present study analyzed only one sample from a single station, 

the occurrence of major prey species and the relationships found between fish size and numeri

cal prey composition generally agree with the previous results. The change in prey composi

tion with fish size is also known in Atlantic cod larvae (MARAK 1960, SYSOEVA & DEGTEREV A 

1965, BAINBRIDGE & McKAY 1967). 

This study reveals that the importance of major prey species m weight relative to fish 

size differs from that in numerical composition. While the numerical importance to copepod 

nauplii remained relatively high even at 13 mm (20%), the weight importance reduced sub

stantially in larvae longer than 9 mm. Contrarily, the weight importance of Pseudocalanus sp. 

and other large plankton became distinctly high (28-31%) in 7-8 mm larvae, but comprised 

only 2-3% numerically at the corresponding size range. Therefore, care must be taken when 

evaluating the relative importance of prey organisms not to overemphasize the numerical im-
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portance of copepod nauplii in larger larvae, and underestimate the weight importance of large 

zooplankton in smaller larvae. 

Prey weights in the guts of larval walleye pollock vary greatly by species and even by 

individuals within a species (NISHIYAMA & HIRANO 1983). For example, copepod nauplii 

are estimated to weight from 0.13 to 3. 5 µg, 0. similis 6. 8-13. 0 µg, and Pseudocalanus sp . 

. 26. 2-161. 2 µg. One individual Pseudocalanus sp. approximates to 50 copepod nauplii and 10 

0. similis in weignt. Since the amount of energy of a prey is considered to be proportional 

to prey size, a wide difference in prey weight by species will generate different food energy 

supplies for larval walleye pollock. It is unlikely that copepod nauplii contribute substantially 

to the food supply of larvae larger than 10 mm, though a high numerical proportion has been 

.occasionally found. 

KAMBA (1977) found a numerical predominance of Pseudocalanus sp. over 0. similis in 

the guts of 5-16 mm walleye pollock in Uchiura (Funka) Bay, despite similarities in abundance 

of these plankton in the water column. He presumed that the predominance of Pseudocalanus 

sp. results from the larval preference of this plankton. In our data, both species occurred 

commonly in the guts, but the larval size range with the most frequent occurrence of these 

plankton was not similar. Our data also indicate a clear disparity in size range between 0. 

similis (0.30-0.54mm) and Pseudocalanus sp. (0.5-l.3mm). Pseudocalanus sp. were taken 

more frequently by larger larvae. Therefore, we assume that the predominance of Pseudo

calanus sp. in the guts of the larvae over 0. similis derives from the size preference, rather 

than the species preference. Discrepancy in interpretation between these two areas deserves 

additional consideration. However, at present, data are unavailable to extend further discus

s10n. A comparison is needed of the sizes of these two plankton between Uchiura (Funka) 

Bay and our study area, though no geographical difference in the size of 0. similis is known 

(SHUV ALOV 1972). 

Although 0. similis occurred over the extended length range of the larvae in this study, 

their importance appears to be limited. On average, both the numerical and weignt propor

tions of this plankton did not exceed 20% of the total prey (Fig. 4). The greatest weight 

proportion reached 37% in 8-9 mm larvae, and in sizes larger than this, copepod nauplii sharply 

decrease and large plankton increase. This leads us to infer that 0. similis is a transitional 

prey item for the larvae when feeding shifts from copepod nauplii to larger zooplankton (Fig. 

3). The evidence that the length range of this plankter was situated between copepod nauplii 

and larger plankton may support this inference. Nevertheless, 0. similis may be important 

even in larger larvae in the absence of available larger prey in the surrounding water. 

Copepod eggs were commonly observed over the wide size range of fish. However, their 

preponderance was very low, despite their numerical abundance. Besides, there is uncertainty 

of their nutritional values, since the resistance of copepod eggs to digestion has been frequently 

observed in walleye pollock (CLARKE 1978) as well as in other fish larvae (BHATTACHARYYA 

1957, SCHNAK 1972, ZISMANN et al. 1975, CONWAY 1980). However, the digestion of cope

pod eggs by Sebastes larvae has been claimed using the photographs showing various forms 0f 
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broken eggs in the digestive tracts (BAINBRIDGE & McKAY 1967). 

Obviously, an abrupt increase of the feeding index at 7-8 mm coincides with the size at 

which the feeding habit shifts from copepod nauplii to a variety of large plankton. Further, 

the rise of the minimum feeding index at 13-14mm exhibits another change in feeding habits, 

as demonstrated by the greatest weight proportion of large plankton and decreased prey 

number. Thus, the discontinuous change in both maximum and minimum feeding indices implies 

a switch from smaller to larger prey. It is notable that the change in feeding habit accom

panies an increase of feeding capacity. The abrupt increase in maximum prey length at 

around 6-7mm, and 12-14mm walleye pollock is well recognized (KAMBA 1974, CLARKE 1978, 

NAKATANI & MAEDA 1983). 

The feeding behavior of fish is a series of prey detection, decision to pursue, and capture· 

(HALL et al. 1976). The capability to access and to catch prey through suction feeding 

(LAUDER 1983) must be preceded by the development and coordination of movability and 

sensory organs. KAMBA (1974) observed the swimming activity of 1 to 10-days old walleye 

pollock larvae in glass jars. The duration of movement of a 4. 6 mm larvae was only 2-4 

seconds per 5-minute observation period, while it increased to 12 seconds in a 5.1 mm larva. 

Simply, this accounts for the observed wide range of swimming activity (from 30 seconds to 

2 minutes per hour) in nature. MAEBAYASHI & SEINO (1979) found a remarkable change 

in swimming activity of 10. 8 mm larval walleye pollock when the caudal fin was formed. The 

swimming behavior of the larvae from this size not only became more actively in a horizontal 

plane, but also manifested in vertical directions. From these observations we surmise that 

early larvae are inactive and lack proper movement and feeding behavior, and thus take pri

marily immobile prey items. When the larvae grow, they can explore more of the water 

column, and frequently chase mobile prey. 

In morphometric studies of walleye pollock, HARYU (1980, 1983) found that an inflection 

point in the length-weight allometry occurs at 7-8 mm length, and the notochord flexion begins 

at 12. 4 mm and completes at 15 mm. Simultaneously, the condition factor gradually increases 

as fish grow from 7 mm to 12. 4 mm, and decreases thereafter. Thus, such morphological 

changes around 7-8 mm and 12-15 mm substantiate the pronounced functional development at 

critical sizes when the feeding capacity enhances. 

It is conceivable that the observed prey size preference in larval walleye pollock derives 

not only from the strict dependence on prey size, but also from the different reflection of 

detectability and catchability of the larvae on the species specific motion or coloration of prey 

organisms. Many calanoid copepods release pelagic eggs freely in the water (KOGA 1973, 

CONWAY 1980). Copepod nauplii are virtually motionless (GERRISTSEN 1978, STRICKLER 

1985). Therefore, fish larvae have easy access to Calanus eggs and nauplii. Two basic types 

of movement are known for calanoid copepods through the water: rapid jerks or leaps and 

slow gliding (LOWNDES 1935). Typical and usual behaviors of Calanus are a "hop and 

sink" motion (BAINBRIDGE 1952), and up-and-down swimming (HARDY & BAINBRIDGE 1954), 

and their body orientation and swimming velocity are given by the combined action of several 
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forces (STRICKLER 1982). Pseudocalanus swim slowly and smoothly, turning occasionally with 

a flip of its thoracic legs, with no particular orientation, and this smooth slide is produced by 

the "propeller-action" of the antennae (GAULD 1966). The motion of this plankton appears 

as "J" shaped paths (ANDERSON 1974). Additionally, in males of Pseudocalanus sp. and 

Calanus pacificus, the routine behaviors are distinguished from mating behavior, which occurs 

in response to pheromones produced by females and is characterized by rapid zig-zags alter

nating with slow figure-eight and loops (GRIFFITHS & FROST 1976). 

While the movements of Pseudocalanus sp. and Calanus are generally steady and rhythmi

cal, those of Oithona and Acartia are erratic (GAULD 1966). Oithona displays a rapid zig

zag movement without a particular orientation, and do not show ''propeller'' action swimming. 

These movements range from slow, small hops, to very vigorous leaps. Acartia swim very 

jerkily in a zig-zag fashion, indifferent to its orientation. Vigorous jerks or leaps make it 

possible for them to escape capture. 

These observations suggest that Oithona and Acartia sp. are more active in swimming 

than Pseudocalanus sp. and Calanus sp. but for mating males. In turn, larval walleye pollack 

have easier access to Pseudocalanus sp. than to Oithona and Acartia. However, it is probable 

that such vigorous movements of Oithona and Acartia assist the larvae in perceiving the 

location of these plankton. The low numerical occurrence of 0. similis in smaller larvae 

found in this study may be partly attributable to the inefficient catchability of the larvae due 

to its rapid movement. 

Although variation in the illumination and turbidity of water affects the reactive distance 

and catchability of prey by fish (VINYARD & O'BRIEN 1976), little is known on the relation 

between light conditions and prey size of larval walleye pollack. CREZE (1963) measured the 

transparency of the body of Pseudocalanus, but no comparable data are available for 0. similis 

and Acartia spp. To what extent the behavioral difference, pigmentation or luminescence of 

prey organisms influence prey size preference of larval walleye pollack awaits further exami

nation. 
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