
Not to be cited by 
Document Nµmber 

TRANSLATION 

GEOGRAPHICAL DIFFERENCE OF WALLEYE POLLOCK CAUGHT 
FROM THREE BERING SEA AREAs FROM STANDPOINT 

OF METAL AND AMINO ACID CONTENTS OF OTOLITHS 

Hiroshi Nakano 
National Research Institute of Fisheries Science · 

Masanori Takahashi and Kazumi Kikuchi 
. The Japan Canned Food Inspection Association 

1991 October 
Fisheries Agency of Japan 

THIS PAPER MAY BE CITED IN THE FOLLOWING MANNER: . 

J 

Nakano, Hiroshi, Masanori Takahashi and Kazumi Kikuchi, 1991. Geographical 
difference of walleye polloclc caught from three Bering Sea areas from standpoint of 
metal and amino acid contents of otoliths. (D9cument submitted to the Annual 
Meeting of the International North Pa~c Fisheries Commission, Tokyo, Japan, 1991 
October.) 14 p. F'JSheries Agency of Japan, National Research Institute of Far Seas 
Fisheries, 7-1 9rido 5 chome, Shimizu, Shizuoka,-Japan 424. 

INPFC 
Doc. 3668 



Geographical Difference of Walleye Pollock caught from Three 
Bering Sea Areas from Standpoint of Metal and Amino Acid Contents of otoliths 

Hiroshi Nakano 
(National Research Institute of Fisheries Science) 

Masanori Takahashi and Kazumi Kikuchi 
(The Japan Canned Food Inspection Association) 

ABSTRACT 

Geographical differences in major metallic elements and Amino acid 
contents in the otoliths of walleye pollock collected on the eastern and 
western parts of the continental shelf and international waters of the Bering 
Sea were examined, and the possibility of application for stock identification 
was considered. 

· For many metallic elements contained in the otoliths, their levels 
may change, as pollock grow. Comparison of metallic contents obtained from 
the same sized fish showed that, among the elements measured, differences were· 
recognized for Na, K, Sr, and P. In addition, discriminant function analysis 
of pollock stocks caught in three areas showed that while those stocks were 
partially intermingling with one another, most were indigenous to their areas. · 

Further, from analyses of amino acid in otoliths, it was observed 
that amino acid content increased as pollock grow. It was also indicated that 
amino acid contents varied by area • 
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1. Introduction 

From past studies, among the metallic elements contained in the 
otoliths of walleye pollock caught within the U.S. 200 mile zone (the 
continental shelf of the eastern Bering Sea), international waters of the 
Bering Sea, and the sea off Hachinohe, it was indicated that the contents of 
Na, K, and Mg changed, as pollock grow, and the contents of Sr, Ca, and P 
varied by area. Further, according to the preliminary analysis of amino 
acids, it was indicated that the amount of amino acid contained in the 
otoliths and the elements of amino acid might vary by area. From the above, 
the possibility of being able to identify stocks of pollock by analyzing 
elements of the otoliths and considering the results statistically was 
considered. On the other hand, if the contents of metallic elements such as K 
of otoliths generally decrease as pollock grow and if the contents of metallic 
elements depend on the size of pollock, it is necessary to compare otoliths 
from the same-sized pollock (Nakano and Takahashi 1990). 

This year, using pollock from the western Bering Sea continental 
shelf, we determined whether or not the contents of the metallic elements 
contained in otoliths of pollock depended on the sized of pollock. We also 
attempted to identify pollock stocks by area using metallic elements contained 
in the otoliths of the same-sized pollock caught in the eastern Bering Sea, 
western Bering Sea, and international waters of the Bering Sea. In addition, 
we considered a comparison by area of the amount of amino acid contained in 
otoliths and the elements of amino acid and any changes depending on size. 

2. Methods 

Materials and Analytical Methods: We measured the standard body 
length, fork length, and body weight etc. of pollock in each area, and 
analyzed the otoliths collected. For determining metallic elements contained 
in otoliths and analyses of amino acid, we used one otolith from each pollock 
as a sample. For study of size and contents of otolith elements, twelve 
pollock caught in the western Bering Sea were used, and for identification of 
pollock stocks in the three areas, 20 pollock from each area were used. For 
analysis of amino acids in otoliths, four pollock of the same-size from each 
area were used. Further, for 13 pollock caught in the western Bering Sea 
continental shelf area, changes in contents of amino acids by size were 
studied. The analytical methods used were the same as previously reported 
(Nakano and Takahashi 1990). 

Statistical Considerations: for examination of differences among 
the three areas and mean values (mean value± standard deviation), Duncan's 
new multiple range test was used. For the analysis by discriminant function 
among the three areas, multivariate analysis JOSE - QCAS/MAl PROGRAM was used. 
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3. Analytical results 

(1) Relationship of size to metallic elements contained in pollock 
otoliths 

We determined the contents of Na, K, Sr, P, and Mg in otoliths of 
pollock from the western Bering Sea continental shelf areas. The contents of 
K decreased as pollock grow as also shown in the results for the previous year 
(p<0.05). The relationship was Y=849-3.57X (where, Xis total length and Y is 
K content). This slope was more gentle than in the results obtained from the 
previous year (Fig. 1). 

Because of the low numbers available for analysis of Na we could not 
obtain differences that were statistically significant, but there was a 
tendency for Na to decrease, as pollock grow (Fig. 2). As for contents of Mg, 
differences were barely detectable. Changes in contents of Sr, P, and ca with 
size were not observed, as reported in the previous year • 

.. . 
(2) Metallic elements in otoliths of pollock in three areas 

1. Body length of pollock used for analyses 

The mean fork lengths of pollock used for analyses (mean value± 
standard deviation, cm), were not different. 

International waters of the Bering Sea 
Western Bering Sea continental shelf area 
Eastern Bering Sea continental shelf area 

2. Comparison of elements among three areas 

52.02 ± 0.15 (n=20) 
51.91 ± 0.35 · (n=20) 
52.09 ± 0.26 (n=20) 

Calcium (Ca): the contents of Ca(%) in otoliths of pollock, that 
did not appear different among the three areas, was as follows: 

Eastern Bering Sea continental shelf area 
International waters of the Bering Sea 
Western Bering Sea continental shelf area 

38.04 ± 1.38 (n=20) 
37.91 ± 1.45 (n•20) 
38.06 ± 2.ao (n=20) 

Sodium (Na): Figure 3 shows the frequency distribution and mean 
values of the contents of Na (ppm) in otoliths of pollock in the three areas. 
There was statistical difference in Na among three areas. Significant 
differences were observed between the eastern Bering Sea continental shelf 
area and the international waters of the Bering Sea (p<0.001), and between the 
western Bering Sea continental shelf area and the international waters of the 
Bering Sea (p<0.05). 

Eastern Be~ing Sea continental shelf area 
International waters of the Bering Sea 
Western Bering Sea continental shelf area 
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3625 ± 215 (n=20) 
3370 ± 153 (n=20) 
3510 ± 273 (n=20) 



Strontium (Sr}: The frequency distributions of contents of Sr (ppm) 
in otoliths of pollock in each area showed highest concentrations to vary by 
area (Fig. 4). Significant, statistical differences in Sr content were 
observed between the eastern Bering Sea continental shelf area and the 
international waters of the Bering Sea (p<0.001) and between the western 
Bering Sea continental she~f area and the international waters of the Bering 
Sea (p<0.01), and between the eastern Bering sea continental shelf area and 
the western Bering Sea continental shelf area (p<0.05). The mean values and 
standard deviations of Sr in each area were as follows: 

Eastern Bering Sea continental shelf area 
International waters of the Bering sea 
Western Bering Sea continental shelf area 

2650 ± 302 (n=20) 
3530 ± 507 (n=20) 
2910 ± 368 (n=20) 

Potassium (K}: Figure 5 shows the distribution of contents of K 
(ppm) in pollock otoliths. In the eastern and western Bering Sea, K contents 
were generally scattered, but K content in international waters of the Bering 
Sea was more narr9~ly defined. Statistically significant differences were 
recognized among the three areas surveyed, i.e., between the western Bering 
Sea continental shelf area and the international waters of the Bering Sea 
(p<0.01) and between the eastern Bering Sea continental shelf area and the 
western Bering Sea continental shelf area (p<0.05). 

Eastern Bering Sea continental shelf area 
International waters of the Bering Sea 
Western Bering Sea continental shelf area 

634 ± 57 (n=20) 
621 ± 104 (n=20) 
698 ± 82 (n=20) 

Phosphorus CP): The content of P (ppm) in pollock of the 
interneFional waters of the Bering Sea and the eastern Bering Sea continental 
shelf area, showed a wide frequency distribution, but on the western Bering 
Sea continental shelf area, the contents of P were distributed in a narrow 
frequency centring around 220 ppm (Fig. 6). Further, there were differences 
among the three areas, with differences in mean value observed between the 
internatiqnal waters of Bering Sea and the western Bering Sea continental 
shelf area (p<0.05). The Mean values and their standard deviations were as 
follows: 

Eastern Bering Sea continental shelf area 
International waters of the Bering Sea 
Western Bering Sea continental shelf area 

236 ± 38 (n=20) 
218 ± 21 (n=20) 
241 ± 35 (n=20) 

Magnesium (Mg}: For Mg contents, there were differences among the 
three areas, and a significant difference in mean value was observed between 
the eastern Bering Sea continental shelf area and the western Bering Sea 
continental shelf area (p<0.05). 

Eastern Bering Sea continental shelf area 
International waters of the Bering Sea 
Western Bering Sea continental shelf area 
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10 ± 0 (n=20) 
13 ± 5.7 (n=20) 
15 ± 11 (n=20) 
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3. Identification of Pollock among the areas using five elements {Na. 
K. Sr. P. and Mg) 

Pollock to be tested from these three areas were the same body 
length,- and we attempted to identify these pollock by area using the 
discriminant function on the five elements Na, K, Sr, P, and Mg. Although 
misidentification was observed (Table 1) and dispersion was apparent in scores 
(Fig. 7), the correct rate of analysis was 73.31, from results obtained. From 
the results of discriminant function analysis, this clearly showed that most 
pollock caught in their area were fish indigenous to that area. 

(3) Regarding amino acid contents and elements in otoliths 

1. Relationship of size to amino acid content in otoliths 

The contents of amino acid in otoliths did not differ 
significantly, because of low number of samples, but there did appear to be a 
tendency for content to increase as pollock grow (Fig. 8). 

2. Relationship between area and amino acid content and elements 
in otoliths 

For amino acid content among the three sea areas, samples 
showed apparent differences, as shown in the following, but clear 
determination could not be made because of the inadequate level of sampling. 
It is necessary to in?rease the level of sampling. The composition of the 
amino acid was the same. 

Eastern Bering Sea continental shelf area 
International waters of the Bering Sea 
Western Bering Sea continental shelf area 

4. Considerations 

0.505 ± 0.043 (n=4) 
0.560 ± 0.066 (n=4) 
0.488 ± 0.051 (n=4) 

From the results obtained from the surveys conducted in 1990 and 
1991 we confirmed that some metallic elements contained in otoliths, · for 
example the contents of K, are changed as pollock grow. · From this, it was 
confirmed that it is necessary to use the same-sized otoliths in order to 
compare differences by area of the level of those metallic elements in the 
otoliths. Further, as age and growth of pollock vary by sea area, we should 
compare samples of the same age, but that could not be done, because of lack 
of data. 

It has already been reported that the levels of Sr, ca, and Pin the 
otoliths were different by area (Nakano and Takahashi 1990). Analysis of 
elements in otoliths of the same-sized pollock this year, in addition to 
confirmation of elements which had been observed in the previous year, showed 
differences in contents of Na, K, and Mg. From this, it was confirmed that 
the main elements contained in the otoliths of pollock can vary by area. 
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contents of amino acid in otoliths of 13 pollock caught on the 
continental shelf of the western Bering Sea did not appear to be related to 
lengths of pollock statistically (Fig. 8). However, when we examined the 
results thoroughly, · the 13 individuals appeared to subdivide into 9 
individuals(•) which had high amino acid contents and 4 individuals (O) with 
low amino acid contents. The following equations were obtained for the 
relationships between amino acid and fork length, and they were all 
significant statistically. 

High amino acid contents: Y•4.53 X +262.4 (r=0.97)(P<.O.Ol) 

Low amino acid contents: Y•8.56X +61.8 (r=0.97)(P<O.OS) 

Where, Xis fork length and Y is the amino acid content. From this, 
it is possible to estimate that the contents of amino acid in the otoliths 
increase, as pollock grow. Of the 13 individuals, the group with low amino 
acid contents was 311 of the total, and this rate was almost the same value, 
as the mis-identification rate of 35% (Table 2) obtained using the 
discriminant function from the metallic elements in the otoliths of pollock 
caught in the western Bering Sea. This indicates that about one-third of 
pollock caught on the continental shelf of the western Bering Sea possibly 
intermingle with pollock of other areas. 

From the above, the results obtained from differences observed in 
the level of major metallic elements contained in the otoliths of pollock, the 
results obtained from the discriminant function analysis of these elements, or 
the results obtained from the amino acid content suggest that while pollack 
caught in these three areas partially intermingle with one another, on the 
whole, they live in different areas. 

Reference, Table 1 and Fig. ·1 to 8 are in 
English in the Japanese document. 
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