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ABSTRACT 

A study was conducted to measure the metallic elements and amino 
acid composition of the otoliths of pollock caught in the continental shelf of 
the eastern Bering Sea, international waters of the Bering Sea, and the sea 
off Hachinohe. The results showed that the elements of Na, Kand Mg decrease 
as pollock grow, and the contents of Sr, Ca and P, etc., which were constant 
throughout the growth, vary by area. The results also showed that the amino 
acid composition of the otoliths and solubility of otoliths to acid vary by 
area. 

From these results, it was determined that it was possible to 
separate the stocks by using the measurement of metallic contents and amino 
acid contents which are components of protein dealing statistically using 
discriminant function, etc. Furthermore, it was possible to estimate the 
potential of the stock separation among pollock in three areas. 

The contents of K, Na and Mg in otoliths decrease as pollock grow. 
It is necessary to measure the otoliths of pollock of different sizes which 
were obtained from various areas in order to determine whether this is 
universal or not. Furthermore, it was also confirmed that it was necessary to 
compare otoliths from the same-sized pollock for stock identification. 

3536--2 



1. Introduction 

It is essential to define the stocks in each area for appropriate 
management of the biomass. From this point of view, the stock identification 
was conducted by morphogenic differences and differences which were observed 
in the number of bones in the past, and stock identification is presently 
conducted by isozyme and/or mitochondria DNA. In addition, since an otolith 
is a hard tissue which is highly calcified (Yano 1981), it is considered 
recently to be able to identify stocks using the trace elements which are 
included in otoliths (Edmonds 1989) and Protaso-wicki and Kosior (1988) have 
been conducting studies to attempt to use elements as an index of annual 
change in marine pollution. As a result, we attempted to.develop the 
technique of identification for pollock stocks by measuring the elements which 
are included in the otoliths of pollock caught in the international waters of 
the Bering Sea and the sea off Hachinohe. We determined that we could measure 
the contents of Ca, Mg, Sr, K, and Na by atomic absorption method and it was 
also determined to be able to identify stocks by elementary analysis for the 
otoliths of pollock, because of different contents of strontium in the 
otoliths (Nakano ec al. 1989). Therefore, in this report, we determined the 
characteristics of content of elements in the otoliths by analyzing the 
content of elements in the otoliths of pollock collected in the international 
waters of the Bering Sea, the continental shelf of the eastern Bering Sea and 
the sea off Hachinohe, and attempted to determine whether there were 
differences in the elements of pollock among the three areas. Also, we 
dissolved the otoliths with acid, and conducted a preliminary experiment on 
the analysis of content of elements for the otoliths which were dissolved 
within a certain time in order to analyze the amino acid protein which is 
plentiful next to metallic elements among the components which are included in 
an otolith and to determine changes with age of the content of elements which 
are included in otoliths. 

2. Material and Methods 

Samples: pollock samples used for analysis were collected in the 
international waters of the Bering Sea (collected at 57°17'N and 177°20'W from 
December 15, 1988 to January S, 1989), the continental shelf of the eastern 
Bering Sea (collected at 56°52'N to 57°30'N and 171°05'W to 172°58'W in April 
15, 1987), and the sea off Hachinohe (collected at 40°35'N and 141°40'E in 
October, 1989). 

Analytical methods: after body length, fork length, and body 
weight, etc. of pollock was measured, otoliths were collected and analyzed. 
For an analysis of metallic elements, the otoliths were completely cleaned 
with distilled water and dried, and were dissolved with dilute hydrochloric 
acid. Concerning Ca and Mg contents, they were diluted with 3% Srcl2 in 
diluted HCl until the total volume of the solution was 100 ml, and after that 
they were analyzed using an atomic absorption method. Regarding Na and K 
contents, they were diluted with 0.SN HCl until the total volume of the 
solution was 100 ml, and then they were measured using an atomic absorption 
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method. Concerning P contents, it was boiled up while adding concentrated 
HN03 and cooled down, and after that it was neutralized with NH40H and 
colorimetry was conducted. In addition, co, Cr, and Mn contents, etc. which 
could not be measured using the atomic absorption method in the previous year 
were not measured. Regarding metallic elements (Ca, Na, Sr, P, Mg, and K 
contents), which are included in an otolith, we fixed four otoliths which were 
obtained from two pollock as a sample, and 30 samples were analyzed. 

With respect to the amino acid analysis, after two otoliths of one 
fish were shattered to pieces and the weight measured precisely, and then they 
were dissolved with HCl (for amino acid other than Tryptophan and Cystine) and 
NaOH (for Tryptophan and Cystine) and were neutralized with NaOH and HCl, 
respectively, and were enclosed in a dissolving tube. After we dissolved this 
at 110°c for 16 hours, and diluted with 0.02N HCl until the total volume of 
the solution was constant, and then we filtered and analyzed using the amino 
acid automatic analyzer. The analyzer used was HITACHI 835-10. 

Statistical method: the mean value used for this report was 
expressed as mean value± the standard deviation, and for the test of 
differences which were observed in the standard value, we conducted a "t" test 
with the assumption that there were no differences in the variance. 

3. Results 

Sizes of pollock used for measurement: the mean fork length of 
pollock in the international waters of the Bering Sea used for measurement of 
otolith was 44 cm (ranging from 39 cm to 50 cm), and the mean fork length was 
43 cm (ranging from 39 cm to 47 cm) for pollack in the sea off Hachinohe, and 
no differences were observed between both areas. However, the fork length of 
pollock collected from the continental shelf of the eastern Bering Sea ranged 
from 21 cm to 56 cm (mean fork length was 35 cm), and the size of pollock from 
this area was different from those in the international waters of the Bering 
Sea and the sea off Hachinohe (Fig. 1). 

Calcium (Ca): as the result of examining the relationship between 
Ca content and fork length of pollock collected from the continental shelf of 
the eastern Bering Sea, it was determined that there was no size dependency 
(Fig. 2). From this point of view, when we considered the frequency of 
distribution of Ca content of otoliths of pollack in three areas, all areas 
showed a maximum degrees of 39% (Fig. 3). Furthermore, when we tested the 
difference of the mean value for pollock in the three areas such as the 
continental shelf of the eastern Bering Sea, the international waters of the 
Bering Sea, and the sea off Hachinohe, the difference was observed at the 
probability of 5% between the sea off Hachinohe and the continental shelf of 
the eastern Bering Sea. 

Sodium (Na): as the result of examining the size dependency of Na 
content of otolith of pollock which were collected on the continental shelf of 
the eastern Bering Sea, the following relationship was obtained with setting 
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the size of pollack from which the otolith was collected as x and the 
corresponding Na content as y: 

y = -27.91x + 4512 (r = -0.58) 

It was determined that the Na content decreased as the size of pollack 
increased (Fig. 4). Since there were differences in the mean fork length of 
pollack between the continental shelf of the eastern bering Sea and two other 
areas, we could not examine the differences of mean value of Na content. 
However, since there were no differences in the mean fork length between the 
international waters of the Bering Sea and the sea off Hachinohe, we examined 
the differences in the mean fork length of these areas. The Na content in the 
sea off Hachinohe was 3,293 ± 206 ppm and that in the international waters of 
the Bering Sea was 3,233 ± 156 ppm, and no differences were observed between 
the areas (Fig. 5). 

Strontium (Sr): as the result of examining the size dependency of 
Sr content with respect to the otoliths of pollack collected in the sea off 
Hachinohe and the continental shelf of the eastern Bering Sea, it was 
determined that Sr content did not vary by size. The frequency distribution 
and mean value of Sr in three areas were compared. First of all, looking at 
the frequency distribution of 2,000 ppm to 5,000 ppm of Sr content, modes of 
the sea off Hachinohe ranged from 2,300 ppm to 2,500 ppm, the range of mode in 
the international waters was from 3,100 ppm to 3,800 ppm, and that on the 
continental shelf of the eastern Bering Sea was from 2,700 ppm to 3,100 ppm. 
The result showed the modes varied among three areas (Fig. 6). Subsequently, 
the following results were obtained for the mean value: 

sea off Hachinohe 2,573 ± 387 ppm (n = 30) 
international waters 3,543 ± 507 ppm (n = 30) 
of the Bering Sea 
continental shelf of 2,817 ± 486 ppm (n = 30) 
the eastern Bering Sea 

When we tested the difference of mean values, there was a significant 
difference at the probability of 1%, between the sea off Hachinohe and the 
international waters of the Bering Sea, and between the international waters 
of the Bering Sea and the continental shelf of the eastern Bering Sea and at 
the 5% level between the sea off Hachinohe and the continental shelf of the 
eastern Bering Sea. 

Potassium (K): when we examined the K content of otoliths of 
pollack in the sea off Hachinohe, in the international waters of the Bering 
Sea, and on the continental shelf of the eastern Bering Sea, the K content 
decreases, as the fork length of pollack increases, and the following 
relationship between the K content (y) of otolith and the fork length (x) of 
pollack was obtained (Fig. 7): 

y = -15.55x + 1,183 (r = -0.81) 
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In addition, although we tested the difference between the frequency 
distribution and mean value of K content for pollock from the sea off 
Hachinohe and the international waters of the Bering Sea which had almost the 
same fork length (Fig. 8), we could not find differences. The mean values± 
standard variation of two areas are as follows: 

sea off Hachinohe 
international waters 
of the Bering Sea 

516 ± 98 ppm 
484 ± 57 ppm 

Phosphorus (P): We examined the relationship between the P content 
of otoliths and the fork length of pollock on the continental shelf of the 
eastern Bering Sea, but we could not find a size dependency of the content. 
Therefore, we calculated the frequency distribution and the mean value of the 
P content for three areas. on the continental shelf of the eastern Bering 
Sea, modes were found between 200 ppm and 300 ppm, and the mean value was 268 
± 60 ppm, and for the international waters of the Bering Sea, a mode was found 
at 200 ppm, and the mean value was 209 ± 37 ppm, and in the sea off Hachinohe, 
modes were formed between 250 ppm and 300 ppm, and the mean value was 269 ± 46 
ppm. The difference of mean values was found at the 1% probability between 
the continental shelf of the eastern Bering Sea and the international waters 
of the Bering Sea and between the international waters of the Bering Sea and 
the sea off Hachinohe (Fig. 9). 

Magnesium (Mg): when we examined the amount of Mg content of 
otolith of pollock obtained from the continental shelf of the eastern Bering 
Sea, the following equation was obtained for the size (fork length: x) and 
the Mg content (y), and it was obvious that there was a size dependency (Fig. 
10): 

y = -0.61x + 40.21 (r = -0.61) 

Subsequently, when we examined the frequency distribution of the Mg 
content of otoliths of pollock in the sea off Hachinohe and in the 
international waters of the Bering Sea which had the same fork length, 
although a mode was found at 20 ppm for the sea off Hachinohe, a mode was 
found at 10 ppm for the international waters of the Bering Sea (Fig. 11). In 
addition, the mean value of the sea off. Hachinohe was 23.7 ± 9.1 ppm, whereas 
it was 12.7 ± 7.7 ppm for the international waters of the Bering Sea, and a 
significant difference was found at 1% probability for both areas. 

Total amino acid content and amino acid component (preliminary 
experiment): the results of amino acid analysis for one sample which 
consisted of two otoliths of one pollock collected from each area is shown in 
Table 1. Total amino acid content (approximate to the protein content) was 
about 0.44% for the continental shelf of the eastern Bering Sea and the 
international waters of the Bering Sea, and was 0.37% for the sea off 
Hachinohe, and the former two areas showed higher value. In addition, the 
elements which had different contents in the amino acid components among three 
areas were as follows: Lysine, Threonine, Asparatic acid, and Proline. In 
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particular, Proline contents in the sea off Hachinohe and the other two areas 
were 1.5 times to 1.9 times different. 

Solubility of otolith (preliminary experiment): The objective was 
to study the components of otoliths by age. The method of this study was that 
two otoliths from one pollock were dissolved and the components which were 
dissolved with the passage of time was analyzed. For this study, we first 
examined the chemical reagants used to dissolve two otoliths from one pollock. 
First of all, when we dissolved the otolith with 6N HCl, the otolith foamed 
and vaporized. Subsequently, when we dissolved an otolith with HCl of lN, the 
dissolving speed was so fast that it was not appropriate, because it split the 
otolith, etc. When we diluted the concentration and used HCl of 0.5N, it was 
obvious that the otolith dissolved from the outer edge. Furthermore, when we 
dissolved an otolith with HN03, we found that HN03 was not appropriate for 
Calcium carbonate of otolith, therefore, we decided to use HCl of 0.5N for 
this experiment. 

When we dissolved the otolith adding HCl of 0.5N of 20 ml per one 
gram of otolith, the otolith obtained from the sea off Hachinohe was dissolved 
about 40% in 10 minutes, and dissolved about 70% in 20 minutes, and the 
otolith obtained from the continental shelf of the eastern Bering Sea was 
dissolved from about 15% to 36% in 10 minutes and dissolved from 73% to 31% in 
20 minutes. In contrast, the otolith obtained from the international waters 
of the Bering Sea was dissolved about 7% in the first 10 minutes and by 12% in 
20 minutes. Although the results are only preliminary, they indicate that the 
solubility of otolith varied by area. 

4. Discussion 

Component characteristics of otolith 

We have analyzed 6 different metallic elements such as Ca, Na, Sr, 
K, P, and Mg contents which were included in the otoliths. Among them, it was 
observed that K, Na, and Mg contents depended on the size of the pollock. It 
was reported that the content of metallic elements such as Serine (Se), Cesium 
(Cs), Iron (Fe), Silver (Ag), and Cobalt (Co) decreased as the age of pollock 
increased (C. Paoadopoulou et al. 1980). It is necessary to study the size 
dependency in various areas to determine whether the observed differences in 
the K, Na and Mg contents in the otoliths of pollock are size dependent or are 
due to the different habitat. 

Of the metallic elements measured, P and Mg contents showed a 
similar value in the sea off Hachinohe and the continental shelf of the 
eastern Bering Sea, for Sr content, the differences were observed in three 
areas, P content varied between the continental shelf of the eastern bering 
Sea and the international waters of the Bering Sea, and between the 
international waters of the Bering Sea and the sea off Hachinohe, Ca content 
varied between the sea off Hachinohe and the continental shelf of the eastern 
Bering Sea, and K content showed a similar value among 3 areas (estimated for 
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the same fork length). It was obvious that the components of the otoliths 
varied by habitat circumstance and size of pollock. It was also determined 
that the total amino acid contents and each amino acid component in an otolith 
could vary slightly among the three areas. The results of analysis of the 
amino acid components was different from the results obtained by Degens et al. 
(1969) that showed the components in an otolith were not related to the 
habitat circumstance, and were almost the same. 

It is considered that the metallic elements and the amino acid in an 
otolith of pollock were an integral part of its life history such as food 
items and sea water, etc. in which pollock have lived. Since the contents of 
these components which were included in sea water varied by coastal and off
shore and varied by surface and deep water (Tunogi and Noriki 1983), it is 
possible to estimate that the content of components in the otolith vary by 
habitat area. In this sense, this method is to attempt to separate stocks 
based on the difference of habitat circumstances whereas the analysis of 
isozyme and mitochondria DNA are based on hereditary differences. 

Since the size of pollock used for this analysis was different 
between the continental shelf of the eastern Bering Sea and the other two 
areas, we could not separate stocks in three areas based on the difference of 
habitat circumstances with discriminant function using data of all six items 
measured in this study. However, the results of analysis of Sr and P 
contents, etc. indicated great potential of stock separation among pollock in 
three areas. From these results, it was determined that the stocks could be 
separated based on the difference of habitat circumstances by measuring the 
metallic elements and the amino acid components which were included in the 
otoliths of the same sized fish and using the discriminant function, etc. 
Furthermore, it will be possible to predict the habitat area from the analysis 
of components. 

What is the difference of solubility? 

Although it was the preliminary experiment, the results showed that 
the solubility of otolith varied. As mentioned before, it is able to estimate 
that the difference of this solubility results from the difference of 
components included. Yano (1981) indicates that forming of an organic 
substance occurs when an otolith is first forming, and a crystal of aragonite 
sticks on that substance and calcification process, and it is interested that 
difference of the components and contents of amino acid which is a centre of 
this organic substance has an effect on crystallization. In addition, in the 
amino acid components, there are a lot of amino acids such as Asparagine acid 
and Glutanic acid or Proline, and it constitutes a characteristic feature of 
few Tryptophan and amino acids containing sulfur. These were a feature of 
collagen and were not a feature of Keratin which was reported in the past. 

References, Table 1 and Figs. 1 to 11 are in 
English in the Japanese document. 
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