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ABSTRACT 

 
 
This work has represented results of  identification of regional local stocks of 

immature chum salmon on the data of trawl surveys of the R/V «TINRO» in the Bering–
Aleutian Salmon International Surveys (BASIS) in the Western Bering Sea in summer-fall 
periods in 2002-2003. The system of districts of the Bering Sea part of the EEZ of RF, 
accepted in TINRO-Center for making biocenological researches was used in this work. 
Scale structure was used as a criterion for differentiation. The age composition of mixed 
marine samples was estimated for the total sample size of 4837 chum salmon individuals, 
including 3877 fishes which ages were identified in particular. In the analysis there were used 
three age groups - 0.1, 0.2 and 0.3, taking in the total more than 99% of immature chum 
salmon in the trawl catches. The basis scale line consisted of 5055 chum salmon individuals 
from the age groups 0.3 and 0.4. 
 The results of the identification of the complexes of local stocks are as next: three 
stock complexes predominated in the Western Bering Sea in September-October 2002 in the 
districts 1-8 - Japan (41.1 %), Sakhalin (Kuriles) + the Amur River (34.8%) and the 
motherland shore of the Okhotsk Sea + Kamchatka (23.4 %). In the districts 9-12 the 
dominants were two complexes - Sakhalin-Amur River (47.5%) and Okhotsk Sea (32.1%). 
The percent of fishes originated in Japan was visibly lower (20.3%). The occurrence of 
Alaskan and Chukotkan chum salmon was extremely insufficient. In July-August 2003 in the 
districts 1-8 the ratio between chum salmon complexes was as next: Japan – 35.4%; Sakhalin 
(Kuriles) + Amur River – 23.5%; the motherland shore of the Okhotsk Sea + Kamchatka – 
28.9%; Alaska – 10.3%; Chukotka – 1.9%. The occurrence of the complex of Alaska there 
was maximal for the whole observation period 2002-2003. In the districts 9-12 the part of 
Japan stocks was visibly lower – 9.2%. To the opposite the parts of Sakhalin-Amur River 
(41.6%) and Okhotsk + Kamchatka (44.3%) complexes were higher. The occurrence of 
Alaskan and Chukotkan chum salmon was minimal – respectively 3.5 and 1.4%. In 
September-October the part of chum salmon of Japan increased visibly. In the districts 3-8 its 
part reached up to 56.7% and in the districts 9-12 – up to 46.8%. The occurrence of the 
complexes of the Okhotsk Sea +Kamchatka was also high: 38.8% in the districts 3-8 and 
48.7% in the districts 9-12. The parts of the complexes of Chukotka and Alaska were low, but 
the occurrence of American chum salmon was little bit increased up to 2.4% in the districts 3-
8 and up to 3.3% in the districts 9-12. 

 

INTRODUCTION 

Bering-Aleutian salmon international survey (BASIS) operates in the Bering Sea and 
adjacent waters of North Pacific from 2002. The team of participants of this survey includes 
experts from Russia, the USA, Japan and Canada, i.e. from the countries-producers of 
principal world stock of Pacific Salmon. Beside developing the complex of ichthyological, 
hydrobiological and hydrological researches the population-biological researches have been 
carrying out. For today a number of publications appeared on this issue. 

The field of identification of chum salmon origin in the trawl catches within BASIS is 
represented by foreign expert publications, where allozyme- and DNA-based genetical 
characteristics were applied (Sato et al. 2004; Urava et al. 2004, 2005). Russian scientists also 
tried to assess distribution of chum salmon regional complexes in the Western Bering Sea in 
falls 2002-2003 (Bugaev et al. 2006). They used scale structure as a criterion for the 
differentiation, and current publication is advanced and extended continue of the researches 
began earlier.  

The researches covered summer-fall period of foraging migrations of chum salmon. 
As principle pool of scales (more than 90-95%) was collected from trawl catches in the 
Western Bering Sea, we emphasized to make analysis for this part of the economic zone of 
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Russia in our work. The data from the north-western part of the Pacific Ocean had not been 
used as poor representative and fragmental to provide the identification on scale phenotypes. 

The objective of our work was to make identification and assessment of potential 
abundance of chum salmon regional stocks on the data of trawl catches RV TINRO in the 
Western Bering Sea in summer-falls 2002-2003. 
 

MATERIAL AND METHODS 
 

 
Chum salmon scale samples collected by workers of TINRO-center from trawl 

catches by RV TINRO in the Western Bering Sea in summer (July-August) and fall 
(September-October) 2002-2003 served as mixed samples to be analyzed. Sampling was 
carried out according the standard scheme accepted in the Bering-Aleutian  salmon 
international survey (BASIS), and the scheme of the biostatistical districts accepted for the 
purposes of the ecosystem researches within Russian fisheries zone in the Far East (Shuntov 
1986; Volvenko 2003) was used (Fig. 1). 
The assessments of the abundance/biomass for every species of Pacific Salmon in the 
Western Bering Sea and adjacent waters of the north-western part of Pacific Ocean were 
obtained by TINRO-center researches and presented in the North-Pacific Anadromous Fish 
Commission (NPAFC) (NPAFC 2003, 2004, 2005). 

The most important biostatistical districts in the Western Bering Sea in the square and 
the number of the observation points are the districts 8 and 12. The data on the distribution of 
the catches of Pacific Salmon obtained from these districts in the course of the trawl surveys 
are the most complete. In the districts 1-5 situated further northward the surveys were limited 
in time and normally were carrying out by late October. The surveys provided in the other 
districts adjacent the boundary of the territorial waters of Russia directly were also limited, 
therefore we describe the state of Pacific Salmon distribution in the Western Bering Sea 
mainly from the data obtained in the districts 8 and 12 (approximately 90% of all 
biostatistical and scale data pool). 

Basing on the given sample sizes of the mixed samples and on the reasonable trends 
of  distribution of the catches  we tried to organize the samples  into two groups, the first 
group (“southern”) to characterize chum salmon from the districts 9-12 and the second 
(“northern”) – from the districts 1-8. The total size of mixed samples analyzed in the work is 
demonstrated in Table 1.  There were 4837 scales aged and 3877 individuals identified in the 
whole. 

Adult chum salmon scale baselines were collected by workers from KamchatNIRO, 
SakhNIRO, MagadanNIRO, TINRO-center KhBr, ChukotNIRO, Sevvostrybvod, Department 
of Fish and Game (Anchorage, Alaska State, the USA) and National Salmon Resource Center 
(Sapporo, Japan) from inshore and coastal catches on Asian and American coasts in June-
September 2003 (Fig. 2). The composition and the sample size of scale baselines are 
demonstrated in Table 2. The scale baselines 2003 consist in the whole of 5055 chum salmon 
specimens. 

Selecting scale standards went where it was possible in a respect with spatial and 
temporal population and subpopulation structure of certain chum salmon local stocks. 
Sampling the scales in view of that was at the beginning, in the middle and to the end of 
spawning run. This scheme was working in all cases when the sample size is quite 
representative. In most cases the samples were collected from principle commercial 
watersheds. In the cases of a lack in the volume of scale samples, the samples were totally 
taken for analysis. As a rule that concerned watersheds where chum salmon abundance was 
relatively low and which commercial role was not highly important. In the average one 
baseline consisted of 50-100 scales in every age group according statistical reliability 
requirements. 

In carrying out the identification on the scale phenotype coinciding emergence years 
between fishes from marine and baseline samples is highly important. It relates to the factor 
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of interannual variations in formation rate of scale structural elements, which are 
differentiating characteristics. In our earlier work we outlined the problems of using mixed 
and baseline samples from different years of emergence several times (Bugaev 2003a, b, 
2004). 

It often turns that we are required to give preliminary results on the identification 
immediately, whereas further improvement will be carried out. In principle, such practice is 
accepted all over the world when making the researches. Usually the characteristic scale 
structure keeps quite stable in time in the terms of occurring significant differences in the 
ecology of foraging or genetically determined isolation of whatever certain population. 
Similar situation can be observed in the reverse turn, in the other words under certain 
similarity of scale criteria. In essence such state reflects macrolevel phenotypical 
characteristics of salmon scale from a certain population or group. In general the trend gets 
obvious when analyzing scale structure at the level of geographical regions. 

The researches accomplished over the second half of XX century confirm the trend. A 
number of Russian and foreign publication with analysis of scale criteria of various stocks of 
Pacific Salmon very more (Koo 1955; Clutter and Whitesel 1956; Foerster 1968; Anas and 
Murai 1969; Kulikova 1970, 1975; Mosher 1972; Bugaev 1995; Kaev 1998; ect.) All similar 
researches represent typical for particular regions characteristics of age composition and 
structure of scale of certain salmon stocks. 

Indeed, the more similar the geographical or ecological conditions for feeding of 
salmons between different stocks during freshwater and marine periods of life, the more 
similar the scale structure. In general it works for the fishes from the watersheds situated 
close to each other.  Insufficient interannual differences occurring can be characterized as 
scale phenotypical characteristics microlevel. As a rule, in such cases the differences in scale 
structure are poor and having similar interannual dynamics of variations. The differentiation 
into the separate components in practice is challenging, especially at a high extent of mixing 
in the ocean, therefore majority of the population-biological researches has been making at 
the macrolevel. The trend typically occurs not only in phenotypical, but for genetical 
researches too.  In the whole it allows making the inevitable percent of error reduced and 
getting even preliminary results rather accurate.   

To identify chum salmon in marine samples 2002 and 2003 we used one baseline 
2003 of 0.3 and 0.4 ages. It was mainly due to extreme organization complexity and 
laboriousness of every year creation of scale baselines for this species. As the main cause is 
wide areal and high population diversity of chum salmon in Asia and North America, there 
are lacks of convergence in the year of birth for a part of fishes from the mixed and baseline 
samples. Hence, the preliminary character of the data obtained on this species. For example, 
in the trawl sample 2002 the results to be preliminary will be for the fishes in the age 0.1, but 
in 2003 – for the fishes aged as 0.1 and 0.2. The results on the age groups mentioned can be 
improved, but most likely the improvement will be based on genetical methods, because 
every year creation of scale baselines for chum salmon at the current stage of development of 
the population-biological researches in the RSA “TINRO” cannot be provided. Sampling 
chum salmon scales from the baseline samples was carried out according generally accepted 
for Pacific Salmon method within “preferred zone” upper the lateral line between the dorsal 
and adipose fins (Clutter and Whitesel 1956; Knudsen 1985). The scales from the mixed 
trawl samples were collected similarly, but with use of classification of sites to collect scale 
from accepted in TINRO-Centre (Fig. 3). The sites A and B were preferable, also in the case 
of no scales there, the scales were collected from the sites C and D. In all cases, nevertheless, 
the quality of scales was estimated visually. 

The age was estimated from scales with standard binocular method accepted for 
Pacific Salmon (Ito and Ishida 1998). As the main collecting materials was accomplished at 
the final periods of prespawning migrations of Pacific Salmon, the immature individuals in 
the trawl catches were selected according standard method basing on the visual estimation of 
gonad maturation (Pravdin, 1966). All fishes at the stages II and II-III were reckoned as 
immature. 
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The row processing of scale images was carried out through making measurements of 
structural scale elements in freshwater and first year growth zones using optical screening 
system “Biosonics” (the model OPR-513, OPRS, BioSonics Inc., Seattle, WA, USA). The 
accuracy of these measurements was micrometric. The method is standard for the analysis of 
pacific salmon scale structure and accepted by North-pacific Anadromous Fish Commission 
(NPAFC) (Davis et al. 1990). The scheme of the measurements used is demonstrated in Fig. 
4. 

The scale measurements for chum salmon traditionally have been making along the 
axe from the scale focus along the maximum radius of the first annual zone. The distance of 
the first annual growth zone (O1) and the number of sclerites in the zone (C1) serve as 
differentiating characteristics. The measurements of the intersclerital distances in the zone of 
the first year of feeding was provided on the base of grouping into the triplets  (TR) since the 
first marine sclerite (6) and  the reverse triplets (RTR) since the last sclerit  in the first annual 
oceanic zone (6). 

The baselines were created on the base of the results of scale standards hierarchical 
clusterization relatively the Euclidian distances (MathSoft 1997). The level of the reliability 
to differentiate the clusters expected was assessed using the pair bi-selection t-test for 
mediate indexes (Borovikov 2001). The bi-level approach is required to make the assessment 
of the reliability clustering more adequately, because the differences can appear not only 
from the average meanings, but also from the standard deviation. That is extremely important 
in obtaining the probability assessments, because the differentiation occurs at the level of 
given centroids of the average meanings what include the complex of the indexes “average 
arithmetic – standard deviation”. 

The mean accuracy of the baseline models used was calculated using the software by 
Millar (Millar 1987, 1990) on the base of dependant simulation, consisting in calculation of 
the maximum likelihood estimation  by the bootstrap method (500 runs) of the percent of 
every particular component of the baseline in the imitation of the mixed sample. The average 
in the pool of the estimations obtained on each of standards was reckoned as the resolution 
ability of the model. 

The principle function for calculation of the maximum likelihood estimation (MLE) 
looks as next: 
                                                                         H   c 

L(p)=  П[ Σ pighi]mh 

h=1 j=1                    

where p - the vector c to estimate proportions of standard groups (p1, p2…pc), which sum is 
1.0; H – the maximum probable combination of discriminant meanings got from the mixed 
sample; m1, m2 … mh – the number of the fish groups created in the mixed sample, bearing a 
certain combination of H meanings; ghi – the relative frequency of the H meanings 
combinations for a certain standard group i. 

The boundaries of the confidential intervals were figured out and identified also on 
the base of the method of the maximal probability through the assessment of distribution 
trends of  the mixed meanings totality relatively the centroids of given baselines (Millar 
1987, 1990). The assessment was carried with direct analysis, and the confidential intervals 
of given accuracy 95% (CI – 95%) were assessed by the bootstrap method (500 runs) (Efron 
and Tibshirani 1986). 
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RESULTS AND DISCUSSION 

 
Characterization of trawl samples  

Distribution and abundance 
 

The schemes of the summary spatial distribution of mature and immature chum 
salmon in the Western Bering Sea in summer-fall periods 2002-2003 (Fig. 5-6) were built on 
the results of the trawl surveys carried out by the workers of TINRO-Centre from the RV 
TINRO. In this publication we were not aimed to provide a detail analysis of the distribution 
trends, therefore a short annotation is given only. The detail biological characteristics of 
chum salmon on the results of the Bering-Aleutian Salmon International Survey (BASIS) in 
the Western Bering Sea and adjacent waters of the Northwestern Pacific is represented in the 
publication by E.A. Zavolokina (2007). 

It can be seen from the schemes that the most high catches in both cases were 
observed in the district 8. The catches varied in the range from 2001 to 5000 fishes/km2 and 
in particular cases were higher. Similar state was observed for both - summer and fall 
periods. In the district 12 the catches in general did not exceed 201-1000 and 1001-2000 
fishes/km2. Fall catches were slightly higher comparing to summer ones.  It should be noted 
that analogous character of chum salmon qualitative distribution in the Western Bering Sea 
was rather similar when comparing it to the average for many years summer-fall data 1982-
2004 (Shuntov et al., 2006). Though there was visible growth of chum salmon biomass up to 
145.7-684.5 thousand tons (more than 2-10 times versus the 1990th (~40.0-60.4 thousand 
tons)) in this area in the beginning of XXI century, what  can bring strong effects in the 
interannual dynamics of population structure of migration streams of this species (Shuntov 
and Sviridov 2005). 

Mature and immature (young) individuals and postcatadromous young were revealed 
by specialists of TINRO-Centre on the size-weight characteristics and gonad state of chum 
salmon. Immature chum salmon dominated among all stages in frequency in the catches, 
therefore it was analyzed especially in this work. The abundance and the biomass of 
immature chum salmon was provided for each statistical district on the data of distribution of 
the catches (Table 3, Fig. 7). In the “northern” districts 1-8 the maximum high 
abundance/biomass (582.91 million fishes/474.97 thousand tons) of immature chum salmon 
was observed in summer 2003, and the minimal (206.11 million individuals/135.68 thousand 
tons) – in fall of same year. In the “southern” districts 9-12 the expression of the interannual 
fluctuations in the abundance/the biomass was less strong.  The highest frequency of 
immature chum salmon (151.22 million fishes/128.58 thousand tons) was observed there in 
fall 2002. 

In 2002-2003 recorded abundance of immature chum salmon was at a very high level. 
It can be noted, comparing the records and average statistical data for many years on the 
coastal and inshore catches of chum salmon in Asia and North America, that the abundance 
of the immature part of stocks in the Western Bering Sea is visibly higher than potential 
abundance of coastal runs. The level of trends estimated approximately is meant. The average 
annual catch of chum salmon is about 300000 t shared between Japan  - 200000 t, Russia – 
30000 t and the USA – 70000 t (Eggers et al. 2003; Karpenko and Rassadnikov 2004) (Fig. 
8). The Fig. 8 has not demonstrated the average annual catch by Canada what takes about 
10000 t. It also should be made a remark to clarify that real catch of Pacific Salmon, 
including chum salmon, in the Far East is uncertain due to the extensive poaching existing. In 
accordance with the expert assessments by scientists of KamchatNIRO the modern annual 
coastal and inshore catch of chum salmon can be up to 70000 t. 

If the average weight of chum salmon individual was 3.0 kg, the potential annual 
removal of this species in Asia and North America can be 100 million chum salmon 
individuals approximately. With the term that the intensity of the coastal and the inshore 
fishing takes averagely 79% and the average escapement for spawning to provide normal 
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production is about 30%, the approximate amount 140-150 million individuals can be figured 
out for the runs to the Asian and North American coasts. 

The comparison made between the approximate level of the annual runs of chum 
salmon in Asia and North America and the abundance of immature part of chum salmon 
stocks on the trawl surveys data by RV TINRO is indicative of the approximate prevalence of 
2-7 times. Taking into account that the researches had not covered the areal wholly it has 
been raised the issue of very high immature chum salmon mortality level for the ocean period 
of life. In principle such level can be if we mean not only the growing salmon abundance in 
the Western Bering Sea in the early 2000th, but also the growing abundance of mesopelagic 
fish species, including North Pacific daggertooth and longnose lancetfish (Shuntov and 
Sviridov, 2005). Meanwhile the unavoidable methodical error of assessing immature chum 
salmon relative abundance cannot be neglected too.  
 

The ration between mature and immature fish 
 

The Figure 9 demonstrates the scheme of distribution of mature and immature 
individuals on the data of trawl surveys by RV TINRO in the Western Bering Sea in summer 
and fall 2002-2003. Immature chum salmon dominated in the catches everywhere. In summer 
the percent was some lower: 82.6% in the districts 1-8 and 89.4% in the districts 9-12. In falls 
2-3 the percent of immature chum salmon was 96.7-98.8% in the total catch of this species. It 
is apparent that the percent of mature fishes should be higher in summer as it is the time of 
active prespawning migrations of chum salmon in the sea. In September-October the 
prespawning migrations of this species have finishing almost everywhere therefore the 
percent of immature individuals gets visibly increased.  Anyway, as in general the percent of 
foraging chum salmon was over 80% in summer and almost 100% in fall, the principle object 
for studying in this work was these immature individuals.  
 

The age structure 
 

The age structure of immature chum salmon from the trawl catches in the west part of 
the Bering Sea is demonstrated in the Table 4. The dominant age groups 0.1, 0.2 and 0.3 are 
of the most interest to be analyzed in this work. Their summary percent is 99% in the catches. 
The percent of the fishes aged 0.4 was always insufficient and less than 1%. 

In September-October 2002 the individuals aged 0.1 dominated (75.81%) in the 
districts 1-8. The fishes aged 0.2 or 0.3 were found in visibly less number (respectively 21.09 
or 3.10%). In the districts 9-12 chum salmons aged 0.2 dominated (50%) in the catches. The 
percent of individuals aged 0.1 and 0.3 was respectively 43.24 and 6.76%. 

In July-August 2003 the dominance of chum salmons aged 0.1 in the catches was not 
so evident: 50.63% in the districts 1-8 and 46.48% in the districts 9-12. The percents of the 
individuals aged 0.2 and 0.3 in the districts 1-8 were 39.21 and 9.19%, and in the districts 9-
12 – 37.74 and 15.78%. In September–October the contribution of immature chum salmon 
aged 0.1 in the districts 3-8 was 82.75% and in the districts 9-12 – 75.09%. The fishes aged 
0.2-0.3 were less frequent, their percental contribution in the districts 3-8 was 12.82 and 
4.27% and in the districts 9-12 – 21.64 and 3.27% respectively. In the whole such high level 
of scale availability is allowing to get objective assessments of distribution of regional 
complexes of chum salmon stocks in the Western Bering Sea. 
 

Scale baselines 
The cluster analysis 

 
Chum salmon scale structure diversity was analyzed over 41 Asian and North 

American local stocks. The cluster distribution resulted in the scale criteria similarity joint-
trees of the baselines of chum salmon individuals aged 0.3 and 0.4 (Fig. 10). These age 
groups make up more than 80% of chum salmon individuals in both continents (Salo 1991). 
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Six regional macrocomplexes of chum salmon local stocks, which are monotypical to 
some extent in scale structure, can be formed on the scale phenotype data obtained. 
Conventionally the complexes can be named as of Sakhalin-Amur, Kamchatkan, of the 
Okhotsk Sea (from the motherland side of the Sea of Okhotsk), Chukotkan, Japanese and 
Alaskan. The macro-composition of these complexes can be demonstrated as next: 

1. The complex of Sakhalin-Amur. It includes chum salmon stocks of Sakhalin and of the 
Amur River. Unfortunately, the baseline does not include the samples from the rivers 
of the Southern Kuril Islands, and we just can suggest hypothetically that the scale 
structure of chum salmon from Kunashir and Ithurup Islands is rather similar to that 
of the Sakhalin-Amur stock complex due to the similarity in their foraging during the 
first year spent at sea. This is why we have suggested over our interpreting that the 
fishes identified belonging to this stock complex also include individuals originated 
from the rivers of the Southern Kuril Islands. Of course, this issue requires additional 
studying.  The fact of the interest in our study is that the Kalininka River (the age 
group 0.3) has demonstrated significant difference to the basis Sakhalin-Amur cluster.  
The outstanding of the baseline can be also observed at genetic level (Varnavskaya 
2001). 

2. Kamchatkan complex. It includes chum salmon stocks of the east and west coasts of 
Kamchatka. In general, the stock groups from different coasts differ well. But in this 
study the infraspecific differentiation is made only at the macrolevel, because the high 
scale phenotype diversity in the mixed foraging aggregations can increase error in 
making identification at a lower level, so we operate higher hierarchical cluster 
characterizing Kamchatka in the whole. 

3. The complex of the Sea of Okhotsk includes stocks of the motherland shore of the sea. 
In some cases the scale samples from the west and north-east coasts of Kamchatka 
can be grouped with this complex.  It should be noted that similar trend for the 
samples from the motherland shore of the Sea of Okhotsk (the rivers Taui and Ola) 
and the baselines from the rivers of West Kamchatka is observed at the genetic level 
(Varnavskaya 2001). It is hard to say simply what determines this similarity, but the 
genetic “bridge” relays to the evolution of the species, and the phenotypic similarity 
depends directly on genotype. It is also noable that in both cases of the baselines by 
the groups 0.3 and 0.4 the complex of the motherland shore stocks of the Sea of 
Okhotsk includes the scale baseline of the Tym’ River (the north-east coast of 
Sakhalin). Yet we cannot give explanation of this phenomenon. The probable error 
over the identification of the macrocomplexes can be neglected if the poor 
commercial role (roughly 100-200 t a year) of this river is taken into account from the 
practical point. 

4. The Chukotkan complex includes the stock of the Anadyr River. This stock provides 
80-90% of the commercial harvest of this species in Chukotka (Makoedov et al. 
2000), therefore the baseline of this stock can be reasonably assumed as a separate 
complex characterizing Chukotka Region. 

5. Japanese complex includes chum salmon stocks of Hokkaido and Honshu.  This 
regional group of stocks gives rather homogenous complexes for both them.  The only 
exception is the baseline of the Tsugaruishi River, forming jointly with the baseline 
from the Kalininka River a single cluster in the baseline on the age group 0.3. 
Moreover, the baseline of the Avacha River gets belonging to the main Japanese 
complex on the group 0.3. Under such circumstance the membership of these stocks 
in the Japanese complex cannot bring serious effect into the results due to the 
incomparable levels of stock abundance.  

6. Alaskan complex includes chum salmon stocks of the central and north-west parts of 
Alaska. In the baseline on the age group 0.3 this complex demonstrates well 
distinguished homogenous cluster. In the case of the baseline on the age 0.4 this 
complex demonstrates similarity to the East Kamchatkan group of chum salmon 
stocks. At the lower level the stocks nevertheless form one cluster reckoned by us as 
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particular. The discussion of the causes of the difference or similarity is early to start 
until a pool of similar observations has stocked.  
 
It should be underlined once more that the view of chum salmon local stocks 

distribution on the scale structure strongly repeats similar genetic distributions obtained on 
allozymes (Varnavskaya 2001). Although some difference occurs, and it is determined by the 
complex of factors relating to the ecological aspects of chum salmon feeding in early marine 
period of life. 

Among the literature data reviewed one can find the description of the similar 
complexes of stocks  subdivided in the 1970th by N.I. Kulikova (1975), whereas the 
ecological conditions of feeding by salmons, including chum salmon, have transformed since 
that period to different in the 2000th.  In principle that gives a confirmation of rather stable 
structure of chum salmon scale in the time at the level of the regional complexes. 

The trend can be explained to some extent by genetical isolation of the groups of local 
stocks mentioned.  It is known that the phenotype of organism strongly depends on its’ 
genotype. However, the forming of scale structures is also strongly influenced ecologically.  
The issue is which one – genetics or ecology - can play more important role. Genetics 
component of scale criteria phonetic diversity probably should be evident at the macrolevel, 
i.e. in the highly abundant and regional groups of stocks isolated geographically during the 
early marine period.  Ecology component can be more important at the microlevel, i.e. it 
determines scale structure interannual variations within specific stock complexes. General 
phenotypic difference of scale determined genetically at the macrolevel would stay over that. 

Thus, in practice the scale baselines obtained provide making rather complete analysis 
of chum salmon regional origin in the Western Bering Sea at the macrolevel. Of course, the 
content of the baselines can show first of all the scale phenotypic diversity in the Asian part 
of the areal. It is normal as this studying has carried in the Economic Zone of RF. In the case 
if identification of chum salmon stocks was required in the Eastern Bering Sea, the spectrum 
of the baselines used should be extended to include some scale standards of North American 
chum salmon stocks. 

 
Pair bi-selective t-test for the average meanings 

 
Over figuring out the clusters of the regional complexes of Pacific Salmon stocks the 

reliability of separation of these groups in the baselines is a question. This question does not 
depend  on the identification methods used, therefore we used the pair bi-selective t0test for 
the average meanings , allowing to find the level of the difference between the samples 
comparing (Table 5). 

The results of testing have demonstrated 75% of the clusters reliably figured out on 
the age 0.3 and 79% - on the age 0.4. Among the principle moments we just note that the 
difference between chum salmon stock complexes of Japanese, Russian and Alaskan origin is 
authentic in most cases. The group of Japanese chum salmon stocks in all cases can be 
distinguished from the Sakhalin-Amur complex, which closeness has demonstrated in the 
dendrograms. Over that the complex of the Sea of Okhotsk chum salmon stocks can be 
reliably distinguished from these two groups. Moreover, the stocks of Chukotka and North 
East Kamchatka (the cluster “Motherland shore of the Sea of Okhotsk + East Kamchatka”) 
can be reliably distinguished. This cluster in general represents the complex of the 
Karaginsky Bay stocks. 

In the issues requiring clarification there is the issue of inauthentic difference between 
some Kamchatkan stock groups and the stocks of Japanese, Okhotsk Sea and Alaskan 
complexes. Actually the units are not identical. The problem probably consists in the error 
grasping of a part of individuals from the mixed samples in favour of one of the complexes 
mentioned above. As follows from the cluster analysis Japanese and Okhotsk complexes 
demonstrate similarity to the West Kamchatkan stocks. Most likely it can be due to the 
mutual character of feeding conditions in the Sea of Okhotsk. Over that the authentic 
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difference between these complexes and geographically close to them Sakhalin-Amur group 
of stocks can be observed, meantime the difference between West Kamchatkan and Alaskan 
chum salmon is inauthentic. The phenomena hardly can be explained currently.  Clarification 
probably would be provided by further studying. 

In general the t-testing has demonstrated a high level of reliability of the differences 
revealed as a result of the cluster analysis of the regional complexes of chum salmon stocks 
of Asia and North America.  It can provide the possibility of getting rather objective results 
of identification of origin of chum salmon in the Western Bering Sea on the base of the 
baseline models suggested.   Although we should not forget that how authentic the results 
may be is determined not only by the model parameters suggested, but also by the quality of 
scales from the mixed samples. That is especially important in conducting studies at the level 
of the complex trawl surveys. 
 

The simulation 
 

The mean accuracy of the baseline models is obtained on the basis of dependent 
simulation (Tables 6 and 7). The expected identification accuracy was quite high in each 
case: 91.61% in the age 0.3 and 93.96% in the age 0.4. The resolution ability assessed by 
dependent simulations can be some overestimated relatively the true ability of models. 
However, as the representation and the level of the difference reliability of the samples 
obtained, characterizing the regional complexes of stocks, are mainly rather high, it can be 
suggested that the resolution ability of the baseline models obtained is adequate. 
 

The identification of the regional complexes of local stocks 
Distribution of the stock complexes 

 
The results of the identification of the principle complexes of local stocks of immature 

chum salmon by the dominant age groups in the Western Bering Sea in 2002-2003 are 
demonstrated in details in table 8 and on the Figures 11-13. The summary data on all age 
groups have demonstrated the dominance of three stock complexes in September-October 
2002 in the districts 1-8: of Japanese – 41.1%, of Sakhalin (Kuril Islands) + Amur – 34.8% 
and of the motherland shore of the Sea of Okhotsk + Kamchatka – 23.4%. The dominance in 
the districts 9-12 was by Sakhalin-Amur complex – 47.5% and by Okhotsk-Kamchatkan 
complex – 32.1%. The part of fishes of Japanese origin was lower – 20.3%. The occurrence 
of the Alaskan and Chukotkan chum salmon complexes revealed was very poor. 

The ratio between the complexes in July-August 2003 in the districts 1-8 was next: 
Japanese – 35.4%, Sakhalin(Kuril Islands) + Amur – 23.5%, the motherland shore of the Sea 
of Okhotsk + Kamchatka – 28.9%, Alaskan – 10.3% and Chukotkan – 1.9%. It is notable that 
for the period of observations 2002-2003 the part of the Alaskan complex was maximal. In 
the districts 9-12 the part of Japanese stocks was visibly lower. Meantime the parts of 
Sakhalin-Amur compex – 41.6% and Okhotsk-Kamchatkan complex – 44.3% increased. The 
parts of Alaskan and Chukotkan chum salmon were minimal – 3.5 and 1.4% respectively. 

In September-October 2003 the part of Japanese chum salmon increased visibly. In 
the districts 3-8 it was up to 56.7% and in the districts 9-12- up to 46.8%. The contribution of 
the complex of the Sea of Okhotsk + Kamchatka  was high: 38.8% in the districts 3-8 and 
48.7% in the districts 9-12. Over that, when comparing the results of the summer survey 2003 
and  of the fall survey 2002 there was not found the Sakhalin-Amur stock complex  in the 
catches. We probably observed an outflow of this regional group of stocks from the districts 
studied in the course of summer-fall migrations in 2003. Taking the complicated character of 
the hydrological and hydrobiological situation in this year a similar scenario cannot be 
excluded. Nevertheless, maybe it can be certain methodical error relating to the interannual 
variations in the scale structural elements formation because of the divergence in the age 
composition of chum salmon in the baseline data and in the mixed trawl samples. The parts 
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of both Chukotkan and Alaskan complexes were at the low level, not exceeding 5% in their 
sum.  

In all cases the clusters, representing West and East Kamchatka, have demonstrated 
minimal results. Hence it can be suggested that the main part of mixed samples identified as 
the stock complex of the motherland shore of the Sea of Okhotsk+Kamchatka consists of the 
stocks of Magadan Region and Khabarovsk Region. Although it cannot be excepted that the 
influence of the North-east Kamchatkan stocks in this cluster is rather strong because the 
Western Bering Sea is the area of their traditional feeding. This issue probably can be 
clarified later with using genetical methods. 

If the results obtained would be analyzed by the groups of stocks for the countries  in 
the Pacific Ocean (Russia, Japan, the USA) where principle world stock of chum salmon is 
producing, we could  provide more correct comparison between our own and published data 
on  chum salmon identification on allozyms and DNA. As it was mentioned above, there are 
some data published on BASIS -2002-2003 (Sato et al. 2004; Urawa et al. 2004, 2005). 
Therefore analyzing the situation at this level we could see the dominance of Russian stocks 
in the districts 1-8 and 9-12 58.5 and 79.6% (Fig. 13) in September-October 2002. Japanese 
stocks were the second: 41.1% in the districts 1-8 and 20.3% in the districts 9-12. The part of 
American stocks was minimal and did not exceed 0.5% in each case. Russian stocks also 
dominated in 2003 in July-August: 54.3% in the districts 1-8 and 87.3% in the districts 9-12. 
The part of Japanese stocks were visibly lower: 35.4% in the districts 1-8 and 9.2% un the 
districts 9-12. North American stocks could be observed maximally (10.3%) in the districts 1-
8. In September-October the part of Japan chum salmon visibly increased in all districts: up 
to 56.7% in the districts 1-8 and up to 46.8% in the districts 9-12. The part of Russian chum 
salmon decreased to 40.9% in the districts 3-8 and to 49.9% in the districts 9-12. The part of 
American chum salmon was 2.4 and 3.3% respectively. 

From the data demonstrated we can see that obtained estimations show some stable 
trends characteristic for the observation period in the whole: 1) the stocks of Asian origin  
always dominated in the districts 9-12 and 1-8, 2) Japanese chum salmon was maximum 
frequent in the districts 1-8 and Russian chum salmon – in the districts 9-12. Over the 
comparison of our data and the results of the genetic identification in the central part of the 
Bering Sea it can be noted the dominance (averagely 50-70%) of Russian chum salmon 
stocks at the boundary of RF Economic Zone (near the 1780 E) in August-September 2002 
and 2003. The next, like in our results, was always Japanese chum salmon (averagely 20-
40%). North American chum salmon was always in minimal number and its’ part did not 
exceed 10% in average.  The similar results of all provided assessments allow to suggest our 
model objective. Unfortunately the migrations of the regional  complexes of chum salmon 
stocks within RF Economic Zone in the Bering Sea still cannot be claimed simply.   
However, the results of the summer and fall survey carried in 2003 by RV TINRO indicate 
fall Japanese chum salmon filling up of Russian waters. It is clear that the situation can be 
only at the expense of the outflow of chum salmon from the central part of the Bering Sea. 
Thus, the results obtained are also agreed to the insight into migrations of Asian and 
American chum salmon in the Western Bering Sea (Neave et al. 1976; Fredin et al. 1977; 
Urawa 2004).  
 

The estimates of the abundance and biomass of the stock complexes 
 

The assessments of the abundance and of the biomass of the identified Asian and 
American immature chum salmon on the data from the trawl surveys on RV TINRO are 
demonstrated in table 9. The results of the trawl surveys indicate the abundance/biomass of 
Russian stocks in September-October of 2002 in the districts 1-8 of 177.80 million fishes 
/109.89 thousand tons and in the districts 9-12 – 120.37 million fishes/ 102.35 thousand tons. 
The abundance/biomass of Japanese chum salmon was also high: 124.92 million fishes /77.21 
thousand tons in the districts 1-8 and 30.70 million fishes /26.10 thousand tons in the districts 
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9-12. The level of American chum salmon was minimal: 1.22 million fishes/0.75 thousand 
tons in the districts 1-8 and 0.15 million fishes/0.13 thousand tons in the districts 9-12. 

The abundance of immature chum salmon in 2003 can be characterized as abnormal. 
The said is especially true concerning the quantitative assessments for the summer period, 
when the chum salmon abundance assessed was that high to be equal to the summary 
abundance obtained from the surveys in 2002 and 2003. The abundance/biomass of the stock 
complexes obtained for July-August of 2003 was in the districts 1-8: Russia – 316.52 million 
fishes/257.91 thousand tons, Japan – 206.35 million fishes/168.14 thousand tons, the USA – 
60.04 million fishes/48.92 thousand tons; and in the districts 9-12: Russia – 106.65 million 
fishes/104.31 thousand tons, Japan – 11.24 million fishes/10.99 thousand tons, the USA – 
4.28 million fishes/4.18 thousand tons. In September-October of 2003 the abundance/biomass 
of the regional chum salmon stock complexes in the Western Bering Sea visibly decreased in 
the districts 3-8 to: Russia – 84.52 million fishes/55.49 thousand tons, Japan – 116.86 million 
fishes/76.93 thousand tons, the USA – 4.95 million fishes/3.26 thousand tons; in the districts 
9-12 to: Russia – 66.92 million fishes/55.19 thousand tons, Japan – 62.76 million 
fishes/51.76 thousand tons and the USA – 4.42 million fishes/3.65 thousand tons. 

Analyzing the view of the quantitative distribution of immature chum salmon in the 
Western Bering Sea in summer-fall of 2002-2003 it should be underlined again that the 
modern abundance is very high. The summer survey of 2003 is the most illustrative in this 
sense. Significant inflow of Japanese (~ 217 million fishes) and American (~ 64 million 
fishes) chum salmon in July-August can be seen on the base of the data obtained. Over that 
the fact that in summer of 2003 the part of Japanese chum salmon decreased in the percent 
ratio, comparing it in falls of 2002 and 2003, cannot be taken as illustrative because the 
percent criterion is relative. The in fact abundance of Japanese and American chum salmon in 
this time was maximal for the whole observation period. Thus, all facts give the evidence of 
important role playing by the ecosystem of the Western Bering Sea in feeding by chum 
salmon from different stock complexes of two continents. 
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Fig. 1. The scheme of the biostatistical districts in the Western Bering Sea accepted by 
scientists of TINRO-Center for the purposes of the ecosystem researches (Shuntov 1986; 
Volvenko 2003) 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Areas collected scale samples of chum salmon used for baselines in 2003: RUSSIA – 
1) Sakhalin – r. Taranai (1), Mordvinov Bay (2), r. Belaya (3), r. Kalininka (4), r. Naiba (5), r. 
Tym’ (6); 2) Khabarovsk – r. Amur (7), r. Aldoma (8), r. Uda (9); 3) Magadan – r. Taui (10), 
r. Yama (11); 4) Kamchatka and Koryakia – r. Palana (12), r. Icha (13), r. Krutogorova (14), 
r. Vorovskaya (15), r. Kol’ (16), r. Pymta (17), r. Kikhchik (18), r. Utka (19), r. Bolshaya 
(20), r. Opala (21), r. Zhirovaya (22), r. Avacha (23), r. Nalycheva (24), r. Zhupanova (25), r. 
Kamchatka (26), r. Khailulya (27), r. Impuka (28), r. Apuka (29); 5) Chukotka – r. Anadyr’ 
(30); USA (Alaska) – r. Yukon (31), r. Kuskokwim (32), r. Nushagak (33); JAPAN 
(Hokkaido and Honshu) – r. Nishibetsu (34), r. Abashiri (35), r. Tokachi (36), r. Tsugaruishi 
(37), r. Gakko (38), r. Urappu (39), r. Tokushibetsu (40), r. Ishikari (41) 
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Fig. 3. The area of a salmonid’s body designated as preferred for scale collection used in 
TINRO-Centre 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Scheme of scale image used for identification local stocks of chum salmon: O1 – total 
distance in the first annual ocean growth zone; C1 – number sclerites in the first annual ocean 
growth zone; TR1-TR6 – triplets circulus distance from first circuli in the first annual ocean 
growth zone (sixth triplets); RTR1-RTR6 – reverse-triplets circulus distance from last circuli 
in the first annual ocean growth zone (sixth reverse-triplet).      
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Fig. 5. The spatial distribution of the relative abundance of chum salmon (ind./km2) in the 
Western Bering Sea in September-October 2002. The designations: 1 – no catches; 2 – 1-200; 
3 – 201-1000; 4 – 1001-2000; 5 – 2001-5000; 6 – > 5001  
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Fig. 6. The spatial distribution of the relative abundance of chum salmon (ind./km2) in the 
Western Bering Sea in July-August (А) and September-October (B) 2003. The designations: 
1 – no catches; 2 – 1-200; 3 – 201-1000; 4 – 1001-2000; 5 – 2001-5000; 6 – > 5001  
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Fig. 7. The distribution of the abundance and biomass of immature chum salmon in the 
Western Bering Sea in the «northern» (the districts 1-8) and the «southern» (the districts 9-
12) groups of the biostatistical districts in June-August (А) and September-October (B) 2002-
2003  
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Fig. 8. The distribution of the coastal and river catches of chum salmon in Asia and North 
America on the data for 1996-2005 (from Eggers et al. 2003; Karpenko and Rassadnikov 
2004 and archival commercial fisheries statistic of KamchatNIRO)   
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Fig. 9. The distribution of mature and immature chum salmon in the Western Bering Sea in 
2002-2003 
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Fig. 10. Hierarchical clustering dendrograms for the scale baselines of chum salmon in age 
0.3 and 0.4 by data from 2003 
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Fig. 11. The distribution of the complexes of immature chum salmon stocks (the age 0.1 + 
0.2 + 0.3) on the data of trawl catches of the R/V «TINRO» in the Western Bering Sea in 
September-October 2002 
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Fig. 12. The distribution of the complexes of immature chum salmon stocks (the ages 0.1 + 
0.2 + 0.3) on the data of trawl catches of the R/V «TINRO» in the Western Bering Sea in 
July-August (А) and in September-October (B) 2003 
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Fig. 13. The distribution of immature Asian and American chum salmon stocks on the data of 
trawl catches of the R/V «TINRO» in the Western Bering Sea in summer and fall 2002-2003 
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Table 1. The total size of the mixed samples of chum salmon used in the work, ind. 

 

Year Season Biostatistical 
districts Period Coordinates Determine age Identification

2002 Autumn 8 (+ 1-7) 13.09-30.09 56°36' - 61°01' N 819 745 
        170°58' - 179°49' E     
    12 (+ 9) 03.09-14.10 53°28' - 59°57' N 907 750 
        164°00' - 175°04' E     

2003 Summer 8 (+ 1-7) 02.08-23.08 56°59' - 64°59' N 1250 847 
        169°07' - 179°32' E     
    12 (+ 9) 17.07-05.08 54°01' - 60°00' N 652 485 
        163°45' - 171°59' E     
  Autumn 8 (+ 3-7) 05.10-22.10 56°57' - 63°15' N  640 541 
        171°00' - 179°37' E     
    12 (+ 9) 23.09-05.10 53°55' - 58°59' N 569 509 
        163°45' - 172°59' E     

Total       4837 3877 
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Table 2. Composition and size of scale samples of chum salmon in baselines 2003 
 

Age 
Geographic region Stock/river 0.3 0.4 Total

Russia 
Sakhalin r. Taranai 26 142 168 
 Mordvinov Bay 36* 51 87 
  r. Belaya (tributary of r. Naiba) 59 18 77 
  r. Kalininka 38* 135 173 
  r. Naiba 68 - 68 
  r. Tym’ 72* 27 99 
Continental coast of the Okhotsk Sea r. Amur 200 34 234 
 r. Aldoma 54 50 104 
  r. Uda 79 12 91 
  r. Taui 38 83 121 
  r. Yama 92 31 123 
Kamchatka and Koryakiya  r. Palana 44* - 44 
 r. Icha 62 14 76 
  r. Krutogorova 8 41 49 
  r. Vorovskaya 55* 53 108 
  r. Kol’ 47* 51 98 
  r. Pymta 101 97 198 
  r. Kikhchik 100 29 129 
  r. Utka 46 63 109 
  r. Bolshaya 101 98 199 
  r. Opala 99* 51 150 
  r. Zhyrovaya 33* - 33 
  r. Avacha 37* 73 110 
  r. Nalycheva 37* 25 62 
  r. Zhupanova 99 17 116 
  r. Kamchatka 100 99 199 
  r. Khailulya 101 - 101 
  r. Impuka 33 - 33 
  r. Apuka 100 - 100 
Chukotka r. Anadyr’ 100 16 116 
         
USA 
Alaska r. Yukon 200 135 335 
  r. Kuskokwim 50 50 100 
  r. Nushagak 50 30 80 
Japan 
Hokkaido and Honshu r. Nishibetsu 128* - 128 
  r. Abashiri 101 35 136 
  r. Tokachi 94* 63 157 
  r. Tsugaruishi 50 100 150 
  r. Gakko 89 74 163 
  r. Urappu 100 28 128 
  r. Tokushibetsu 90 76 166 
  r. Ishikari 100 37 137 
Total   3117 1938 5055 
Note. * - these baselines (the age group 0.3) were used in making cluster  analysis only in order to figure out scale structure 
variations  for the maximum number of chum salmon local stocks. Later, when finding the likelihood estimates they were 
excluded from the analysis, because the program by Р. Мillar is limited in number of baseline samples (not over 2400 
specimens). Selection was carried out according to the principle of representative sufficiency of the volume of formed 
regional cluster, and in some cases judging by commercial importance of streams.   
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Table 3. The abundance and the biomass of immature chum salmon in the epipelagic zone of 
the Western Bering Sea in 2002-2003 
 

Biostatistical districts Year Season 
1 2 3 4 5 6 7 8 9 10 11 12 

Total 

Abundance, millions of fish 
2002 Autumn 0.01 0.07 0.47 0.63 3.15 - 1.78 297.83 0.08 - - 151.14 455.16

                              
2003 Summer 0.06 0.77 54.17 1.75 61.71 - 10.94 453.51 0.45 - - 121.72 705.08

                              
  Autumn - - 0.12 0.28 1.08 - 0.63 204.00 1.38 - - 132.72 340.21
                              

Biomass, thousands ton 
2002 Autumn 0.11 0.29 0.70 1.27 5.58 - 1.91 178.39 0.12 - - 128.46 316.83

                              
2003 Summer 0.24 2.25 100.77 3.22 68.69 - 9.12 290.68 0.60 - - 118.88 594.45

                              
  Autumn - - 0.11 0.75 0.92 - 0.81 133.09 1.54 - - 109.06 246.28
                              

Note. Coefficient of trawl catch – 0.3. 
 
 
Table 4. The age structure of immature chum salmon in the trawl catches of the R/V 
«TINRO» in the Western Bering sea 
 

AGE, % 
Year Season Biostatistical 

districts N 
0.1 0.2 0.3 0.4 

Used 
age 

groups, 
% 

2002 Autumn 8 (+ 1-7) 806 75.81 21.09 3.10 - 100 
                  
    12 (+ 9) 888 43.24 50.00 6.76 - 100 
                  

2003 Summer 8 (+ 1-7) 1033 50.63 39.21 9.19 0.97 99.03 
                  
    12 (+ 9) 583 46.48 37.74 15.78 - 100 
                  
  Autumn 8 (+ 3-7) 632 82.75 12.82 4.27 0.16 99.84 
                  
    12 550 75.09 21.64 3.27 - 100 
                  

 
 
 

 



29 

Table 5. The pair t-test for the means of identified cluster complexes of chum salmon stocks 
on the base scale lines 2003 

By average 
means (M) 

By coefficients of 
variation (CV) Age Cluster/regional complex stocks  N 

t-test p-level t-test p-level 
0.3 Chukotka 100

  Sakhalin + r. Amur 353
1.36 0.196 1.65 0.124 

  Chukotka 100
  Japan 480

0.03 0.980 2.47 < 0.05 

  Chukotka 100
  Western and Eastern Kamchatka 500

0.27 0.791 2.05 0.061 

  Chukotka 100

  
Continental coast of Okhotsk Sea + Western 
Kamchatka 380

0.01 0.998 2.40 < 0.05 

  Chukotka 100

  
Continental coast of Okhotsk Sea + Eastern 
Kamchatka 226

0.07 0.948 4.11 < 0.01 

  Chukotka 100
  Alaska 300

0.61 0.552 2.97 < 0.05 

  Chukotka 100
  Japan + Sakhalin 50 

1.81 0.094 2.27 < 0.05 

  Sakhalin + r. Amur 353
  Japan 480

1.41 0.181 3.08 < 0.01 

  Sakhalin + r. Amur 353
  Western and Eastern Kamchatka 500

3.60 < 0.01 1.42 0.180 

  Sakhalin + r. Amur 353

  
Continental coast of Okhotsk Sea + Western 
Kamchatka 380

3.01 < 0.01 1.90 0.080 

  Сахалин + р. Амур 353

  
Continental coast of Okhotsk Sea + Eastern 
Kamchatka 226

3.00 < 0.01 5.46 < 0.001

  Sakhalin + r. Amur 353
  Alaska 300

2.19 < 0.05 2.04 0.062 

  Sakhalin + r. Amur 353
  Japan + Sakhalin 50 

1.46 0.169 0.87 0.401 

  Japan 480
  Western and Eastern Kamchatka 500

0.47 0.647 1.12 0.284 

  Japan 480

  
Continental coast of Okhotsk Sea + Western 
Kamchatka 380

0.07 0.945 0.53 0.607 

  Japan 480

  
Continental coast of Okhotsk Sea + Eastern 
Kamchatka 226

0.01 0.998 3.03 < 0.01 

  Japan 480
  Alaska 300

3.50 < 0.01 0.08 0.934 

  Japan 480
  Japan + Sakhalin 50 

2.03 0.063 1.13 0.279 

  Western and Eastern Kamchatka 500

  
Continental coast of Okhotsk Sea + Western 
Kamchatka 380

1.53 0.150 0.46 0.655 

  Western and Eastern Kamchatka 500
  Continental coast of Okhotsk Sea + Eastern 226

0.42 0.678 3.31 < 0.01 
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Kamchatka 
  Western and Eastern Kamchatka 500
  Alaska 300

1.06 0.310 0.66 0.520 

  Western and Eastern Kamchatka 500
  Japan + Sakhalin 50 

3.87 < 0.01 0.34 0.736 

  
Continental coast of Okhotsk Sea + Western 
Kamchatka 380

  
Continental coast of Okhotsk Sea  + Western 
Kamchatka 226

0.06 0.949 3.20 < 0.01 

  
Continental coast of Okhotsk Sea + Western 
Kamchatka 380

  Alaska 300
1.38 0.190 0.24 0.816 

  
Continental coast of Okhotsk Sea + Western 
Kamchatka 380

  Japan + Sakhalin 50 
3.58 < 0.01 0.64 0.535 

  
Continental coast of Okhotsk Sea + Eastern 
Kamchatka 226

  Alaska 300
0.81 0.430 2.06 0.060 

  
Continental coast of Okhotsk Sea + Eastern 
Kamchatka 226

  Japan + Sakhalin 50 
3.79 < 0.01 4.61 < 0.001

  Alaska 300
  Japan + Sakhalin 50 

2.60 < 0.05 0.98 0.345 

0.4 Sakhalin + r. Amur 380
  Japan 1 313

1.68 0.116 1.90 0.079 

  Sakhalin + r. Amur 380
  Chukotka 16 

5.77 < 0.001 0.71 0.487 

  Sakhalin + r. Amur 380
  Eastern Kamchatka 214

3.52 < 0.01 0.14 0.893 

  Sakhalin + r. Amur 380
  Alaska 215

2.52 < 0.05 2.04 0.063 

  Sakhalin + r. Amur 380
  Western Kamchatka 497 3.74 < 0.01 2.09 0.057 

  Sakhalin + r. Amur 380
  Continental coast of Okhotsk Sea 203 2.86 < 0.05 3.25 < 0.01 

  Sakhalin + r. Amur 380
  Japan 2 100 0.39 0.706 1.81 0.093 

  Japan 1 313
  Chukotka 16 1.45 0.170 1.76 0.102 

  Japan 1 313
  Eastern Kamchatka 214 0.26 0.797 1.88 0.082 

  Japan 1 313
  Alaska 215 3.18 < 0.01 1.01 0.329 

  Japan 1 313
  Western Kamchatka 497 1.30 0.216 0.76 0.462 

  Japan 1 313
  Continental coast of Okhotsk Sea 203 0.68 0.510 2.60 < 0.05 

  Japan 1 313
  Japan 2 100 1.90 0.079 0.13 0.901 

  Chukotka 16 
  Eastern Kamchatka 214 2.89 < 0.05 0.62 0.543 

  Chukotka 16 
  Alaska 215 0.55 0.592 2.35 < 0.05 

  Chukotka 16 
  Western Kamchatka 497 1.42 0.178 1.62 0.168 
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  Chukotka 16 
  Continental coast of Okhotsk Sea 203 1.92 0.077 2.32 < 0.05 

  Chukotka 16 
  Japan 2 100 6.28 < 0.001 1.70 0.113 

  Eastern Kamchatka 214
  Alaska 215 1.25 0.232 3.51 < 0.01 

  Eastern Kamchatka 214
  Western Kamchatka 497 2.25 < 0.05 2.14 0.052 

  Eastern Kamchatka 214
  Continental coast of Okhotsk Sea 203 0.42 0.681 2.62 < 0.05 

  Eastern Kamchatka 214
  Japan 2 100 3.87 < 0.01 1.66 0.120 

  Alaska 215
  Western Kamchatka 497 0.10 0.920 0.18 0.859 

  Alaska 215
  Continental coast of Okhotsk Sea 203 0.97 0.350 0.71 0.488 

  Alaska 215
  Japan 2 100 2.73 < 0.05 0.90 0.384 

  Western Kamchatka 497
  Continental coast of Okhotsk Sea 203 1.58 0.137 1.67 0.118 

  Western Kamchatka 497
  Japan 2 100 4.16 < 0.01 0.73 0.480 

  Continental coast of Okhotsk Sea 203
  Japan 2 100 3.31 < 0.01 1.82 0.092 

 

Note. Underlined meanings t-test with statistical probability (p < 0.05, p < 0.01, p < 0.001) or (0.05 < 
p < 0.10). 
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Table 6. The dependent simulation of the basis scale line of chum salmon of the age group 0.3 on the data 2003, MLE/SD 

 
Cluster/regional complex stocks N 1. 2. 3. 4. 5. 6. 7. 8. 

                    
1. Chukotka 100 0.9705 0.0061 0.0003 0.0132 0.0053 0.0189 0.0004 0.0000 
    0.0402 0.0108 0.0018 0.0187 0.0109 0.0251 0.0021 0.0000 
2. Sakhalin + r. Amur 353 0.0031 0.8801 0.0208 0.0236 0.0348 0.0040 0.0104 0.0024 
    0.0081 0.0762 0.0337 0.0397 0.0518 0.0096 0.0221 0.0083 
3. Japan 480 0.0000 0.0239 0.8860 0.0254 0.0144 0.0002 0.0090 0.0023 
    0.0000 0.0381 0.0711 0.0388 0.0264 0.0019 0.0217 0.0088 
4. Western and Eastern Kamchatka 500 0.0034 0.0197 0.0130 0.8348 0.0482 0.0058 0.0082 0.0000 
    0.0123 0.0381 0.0282 0.1031 0.0774 0.0180 0.0203 0.0000 
5. Continental coast of Okhotsk Sea + Western Kamchatka 380 0.0029 0.0302 0.0180 0.0500 0.8494 0.0107 0.0062 0.0000 
    0.0093 0.0519 0.0338 0.0779 0.1057 0.0255 0.0146 0.0000 
6. Continental coast of Okhotsk Sea + Eastern Kamchatka 226 0.0201 0.0065 0.0057 0.0295 0.0275 0.9537 0.0027 0.0045 
    0.0363 0.0128 0.0116 0.0402 0.0387 0.0404 0.0064 0.0099 
7. Alaska 300 0.0000 0.0207 0.0271 0.0182 0.0085 0.0025 0.9631 0.0000 
    0.0000 0.0282 0.0358 0.0253 0.0152 0.0052 0.0377 0.0000 
8. Japan + Sakhalin 50 0.0000 0.0128 0.0291 0.0053 0.0119 0.0042 0.0000 0.9908 
    0.0000 0.0200 0.0371 0.0100 0.0175 0.0079 0.0000 0.0155 

                Mean accuracy, % 
                

91.61 
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Table 7. The dependent simulation of the basis scale line of chum salmon of the age group 0.4 on the data 2003, MLE/SD 

 
Cluster/regional complex stocks N 1. 2. 3. 4. 5. 6. 7. 8. 

                    
1. Sakhalin + r. Amur 380 0.9317 0.0210 0.0000 0.0196 0.0076 0.0062 0.0092 0.0003 
    0.0517 0.0328 0.0000 0.0284 0.0154 0.0120 0.0195 0.0022 
2. Japan 1 313 0.0283 0.9278 0.0000 0.0144 0.0153 0.0012 0.0092 0.0028 
    0.0431 0.0532 0.0000 0.0253 0.0246 0.0036 0.0188 0.0064 
3. Chukotka 16 0.0000 0.0002 0.9958 0.0102 0.0041 0.0250 0.0095 0.0000 
    0.0000 0.0021 0.0121 0.0154 0.0085 0.0338 0.0150 0.0000 
4. Eastern Kamchatka 214 0.0071 0.0140 0.0005 0.8713 0.0237 0.0151 0.0061 0.0000 
    0.0173 0.0273 0.0038 0.0816 0.0428 0.0300 0.0162 0.0000 
5. Alaska 215 0.0141 0.0157 0.0000 0.0413 0.9293 0.0103 0.0006 0.0000 
    0.0244 0.0256 0.0000 0.0520 0.0551 0.0174 0.0029 0.0000 
6. Western Kamchatka 497 0.0029 0.0034 0.0002 0.0292 0.0089 0.9188 0.0175 0.0000 
    0.0072 0.0085 0.0027 0.0409 0.0175 0.0588 0.0304 0.0000 
7. Continental coast of Okhotsk Sea 203 0.0096 0.0115 0.0035 0.0110 0.0111 0.0200 0.9450 0.0000 
    0.0166 0.0200 0.0105 0.0187 0.0187 0.0313 0.0450 0.0000 
8. Japan 2 100 0.0063 0.0064 0.0000 0.0030 0.0000 0.0034 0.0029 0.9969 
    0.0098 0.0105 0.0000 0.0059 0.0000 0.0057 0.0056 0.0067 

                Mean accuracy, % 
                

93.96 
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Table 8. The estimates of the maximal likelihood (ML), the standard deviation (SD) and the confidential intervals (CI – 95%) obtained in the 
identification of immature chum salmon local stocks in the trawl catches of the R/V «TINRO»  in the Western Bering Sea in 2002-2003 

 

Year Season Biostatistical 
districts Age N Cluster/regional complex stocks MLE SD CI - 95% 

2002 Autumn 8 (+ 1-7) 0.1 566 Chukotka 0.0023 0.0018 0.0000-0.0083 
          Sakhalin + r. Amur 0.3184 0.0297 0.1885-0.3329 
          Japan 0.4088 0.0298 0.3431-0.4871 
          Western and Eastern Kamchatka - - - 
          Continental coast of Okhotsk Sea + Western Kamchatka 0.0001 0.0002 0.0000-0.0694 
          Continental coast of Okhotsk Sea + Eastern Kamchatka 0.2632 0.0230 0.2398-0.3503 
          Alaska 0.0049 0.0087 0.0000-0.0455 
          Japan + Sakhalin 0.0023 0.0018 0.0000-0.0041 
      0.2* 156 Chukotka 0.0028 0.0036 0.0000-0.0152 
          Sakhalin + r. Amur 0.4429 0.0602 0.2511-0.5225 
          Japan 0.4077 0.0580 0.2996-0.5495 
          Western and Eastern Kamchatka - - - 
          Continental coast of Okhotsk Sea + Western Kamchatka - - - 
          Continental coast of Okhotsk Sea + Eastern Kamchatka 0.1438 0.0358 0.0699-0.2395 
          Alaska - - - 
          Japan + Sakhalin 0.0028 0.0036 0.0000-0.0039 
      0.3* 23 Sakhalin + r. Amur 0.4810 0.1439 0.1711-0.7325 
          Japan 1 0.3652 0.1305 0.1250-0.6273 
          Chukotka - - - 
          Eastern Kamchatka - - - 
          Alaska - - - 
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          Western Kamchatka - - - 
          Continental coast of Okhotsk Sea 0.1379 0.0885 0.0000-0.3261 
          Japan 2 0.0159 0.0566 0.0000-0.2584 
    12 (+ 9) 0.1 309 Chukotka - - - 
          Sakhalin + r. Amur 0.5388 0.0420 0.3939-0.5780 
          Japan 0.2754 0.0353 0.2090-0.3616 
          Western and Eastern Kamchatka - - - 
          Continental coast of Okhotsk Sea + Western Kamchatka - - - 
          Continental coast of Okhotsk Sea + Eastern Kamchatka 0.1858 0.0291 0.1459-0.2759 
          Alaska - - - 
          Japan + Sakhalin - - - 
      0.2* 384 Chukotka - - - 
          Sakhalin + r. Amur 0.4251 0.0444 0.2429-0.4416 
          Japan 0.1428 0.0264 0.1029-0.2184 
          Western and Eastern Kamchatka - - - 
          Continental coast of Okhotsk Sea + Western Kamchatka 0.1625 0.0448 0.0755-0.3214 
          Continental coast of Okhotsk Sea + Eastern Kamchatka 0.2696 0.0327 0.2187-0.3871 
          Alaska - - - 
          Japan + Sakhalin - - - 
      0.3* 57 Sakhalin + r. Amur 0.4806 0.0972 0.2851-0.6797 
          Japan 1 0.2174 0.0838 0.0662-0.3846 
          Chukotka - - - 
          Eastern Kamchatka 0.0003 0.0039 0.0000-0.0000 
          Alaska 0.0188 0.0211 0.0000-0.0695 
          Western Kamchatka - - - 
          Continental coast of Okhotsk Sea 0.2827 0.0721 0.1540-0.4220 
          Japan 2 0.0002 0.0039 0.0000-0.0000 

2003 Summer 8 (+ 1-7) 0.1 436 Chukotka 0.0256 0.0064 0.0299-0.0891 
          Sakhalin + r. Amur 0.2081 0.0348 0.1028-0.2652 
          Japan 0.3268 0.0332 0.2522-0.3893 
          Western and Eastern Kamchatka 0.0615 0.0300 0.0000-0.1177 
          Continental coast of Okhotsk Sea + Western Kamchatka 0.0538 0.0337 0.0143-0.1515 
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          Continental coast of Okhotsk Sea + Eastern Kamchatka 0.2109 0.0273 0.1591-0.2867 
          Alaska 0.0879 0.0211 0.0561-0.1437 
          Japan + Sakhalin 0.0254 0.0064 0.0000-0.0000 
      0.2 342 Chukotka 0.0105 0.0046 0.0036-0.0393 
          Sakhalin + r. Amur 0.2454 0.0370 0.1477-0.3013 
          Japan 0.2835 0.0377 0.2031-0.3645 
          Western and Eastern Kamchatka - - - 
          Continental coast of Okhotsk Sea + Western Kamchatka - - - 
          Continental coast of Okhotsk Sea + Eastern Kamchatka 0.3293 0.0314 0.2932-0.4306 
          Alaska 0.1209 0.0273 0.0634-0.1704 
          Japan + Sakhalin 0.0104 0.0046 0.0000-0.0002 
      0.3* 69 Chukotka 0.0155 0.0198 0.0000-0.0974 
          Sakhalin + r. Amur 0.3450 0.0973 0.0758-0.5079 
          Japan 0.2502 0.0896 0.0528-0.4131 
          Western and Eastern Kamchatka 0.0392 0.0674 0.0000-0.1687 
          Continental coast of Okhotsk Sea + Western Kamchatka - - - 
          Continental coast of Okhotsk Sea + Eastern Kamchatka 0.2197 0.0781 0.0898-0.3946 
          Alaska 0.1149 0.0678 0.0000-0.2526 
          Japan + Sakhalin 0.0155 0.0197 0.0000-0.0215 
    12 (+ 9) 0.1 195 Chukotka 0.0164 0.0105 0.0000-0.1023 
          Sakhalin + r. Amur 0.4342 0.0595 0.2639-0.5016 
          Japan 0.0347 0.0228 0.0000-0.0839 
          Western and Eastern Kamchatka 0.0346 0.0504 0.0000-0.1037 
          Continental coast of Okhotsk Sea + Western Kamchatka 0.0140 0.0648 0.0000-0.1672 
          Continental coast of Okhotsk Sea + Eastern Kamchatka 0.4059 0.0545 0.3110-0.5549 
          Alaska 0.0439 0.0216 0.0081-0.0855 
          Japan + Sakhalin 0.0163 0.0105 0.0000-0.0000 
      0.2 203 Chukotka 0.0096 0.0062 0.0000-0.0662 
          Sakhalin + r. Amur 0.4222 0.0519 0.2718-0.4893 
          Japan 0.1133 0.0360 0.0573-0.2024 
          Western and Eastern Kamchatka - - - 
          Continental coast of Okhotsk Sea + Western Kamchatka - - - 



 37

          Continental coast of Okhotsk Sea + Eastern Kamchatka 0.3474 0.0433 0.2605-0.4660 
          Alaska 0.0979 0.0307 0.0356-0.1489 
          Japan + Sakhalin 0.0096 0.0063 0.0000-0.0000 
      0.3* 87 Chukotka 0.0231 0.0138 0.0000-0.1087 
          Sakhalin + r. Amur 0.3534 0.0834 0.1742-0.5024 
          Japan 0.0843 0.0454 0.0001-0.1632 
          Western and Eastern Kamchatka 0.0724 0.0779 0.0000-0.2024 
          Continental coast of Okhotsk Sea + Western Kamchatka 0.0286 0.0559 0.0000-0.1682 
          Continental coast of Okhotsk Sea + Eastern Kamchatka 0.4152 0.0753 0.2761-0.5769 
          Alaska - - - 
          Japan + Sakhalin 0.0230 0.0138 0.0000-0.0005 
  Autumn 8 (+ 3-7) 0.1 436 Chukotka 0.0064 0.0044 0.0000-0.0199 
          Sakhalin + r. Amur - - - 
          Japan 0.5433 0.0324 0.4489-0.5797 
          Western and Eastern Kamchatka - - - 
          Continental coast of Okhotsk Sea + Western Kamchatka 0.2077 0.0319 0.1492-0.2901 
          Continental coast of Okhotsk Sea + Eastern Kamchatka 0.2048 0.0267 0.1568-0.2720 
          Alaska 0.0314 0.0151 0.0138-0.0866 
          Japan + Sakhalin 0.0064 0.0039 0.0000-0.0011 
      0.2 70 Chukotka - - - 
          Sakhalin + r. Amur 0.0338 0.0693 0.0000-0.1390 
          Japan 0.5778 0.0755 0.4249-0.6919 
          Western and Eastern Kamchatka - - - 
          Continental coast of Okhotsk Sea + Western Kamchatka 0.0234 0.0855 0.0000-0.1908 
          Continental coast of Okhotsk Sea + Eastern Kamchatka 0.3650 0.0778 0.2121-0.5209 
          Alaska - - - 
          Japan + Sakhalin - - - 
      0.3* 35 Chukotka - - - 
          Sakhalin + r. Amur 0.1438 0.1039 0.0000-0.3133 
          Japan 0.7766 0.1039 0.5489-0.9280 
          Western and Eastern Kamchatka 0.0045 0.0459 0.0000-0.1016 
          Continental coast of Okhotsk Sea + Western Kamchatka - - - 
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          Continental coast of Okhotsk Sea + Eastern Kamchatka 0.0751 0.0568 0.0000-0.2108 
          Alaska - - - 
          Japan + Sakhalin - - - 
    12 (+ 9) 0.1 375 Chukotka 0.0051 0.0035 0.0000-0.0188 
          Sakhalin + r. Amur - - - 
          Japan 0.4460 0.0364 0.3573-0.4993 
          Western and Eastern Kamchatka 0.0340 0.0284 0.0000-0.0950 
          Continental coast of Okhotsk Sea + Western Kamchatka 0.3609 0.0443 0.2735-0.4433 
          Continental coast of Okhotsk Sea + Eastern Kamchatka 0.1091 0.0247 0.0651-0.1690 
          Alaska 0.0398 0.0168 0.0204-0.0890 
          Japan + Sakhalin 0.0051 0.0035 0.0000-0.0002 
      0.2 114 Chukotka 0.0087 0.0074 0.0000-0.0348 
          Sakhalin + r. Amur 0.0040 0.0437 0.0000-0.0893 
          Japan 0.5333 0.0672 0.3746-0.6616 
          Western and Eastern Kamchatka 0.0374 0.0551 0.0000-0.1209 
          Continental coast of Okhotsk Sea + Western Kamchatka 0.1841 0.0916 0.0002-0.3646 
          Continental coast of Okhotsk Sea + Eastern Kamchatka 0.2139 0.0571 0.1228-0.3704 
          Alaska 0.0098 0.0167 0.0000-0.0551 
          Japan + Sakhalin 0.0088 0.0074 0.0000-0.0095 
      0.3* 20 Chukotka - - - 
          Sakhalin + r. Amur 0.1146 0.2104 0.0000-0.5452 
          Japan 0.3283 0.1944 0.0000-0.6136 
          Western and Eastern Kamchatka 0.0419 0.1353 0.0000-0.3112 
          Continental coast of Okhotsk Sea + Western Kamchatka 0.3386 0.2144 0.0000-0.6291 
          Continental coast of Okhotsk Sea + Eastern Kamchatka 0.1314 0.1070 0.0000-0.3392 
          Alaska 0.0452 0.0662 0.0000-0.1885 
          Japan + Sakhalin - - - 

Note. * - previous result (see “Materials and methods”). 
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Table 9. The estimates of the abundance and biomass of identified Asian and American complexes of immature chum salmon local stocks in the 
Western Bering Sea on the data of trawl surveys of the R/V «TINRO» in 2002-2003 

 
Complex stocks Total abundance and 

biomass Russia Japan USA Year Season Biostatistical 
districts Millions 

of fish 
Thousands 

ton % Millions 
of fish 

Thousands 
ton % Millions 

of fish 
Thousands 

ton % Millions 
of fish 

Thousands 
ton 

2002 Autumn 8 (+ 1-7) 303.94 187.85 58.5 177.80 109.89 41.1 124.92 77.21 0.4 1.22 0.75 
                            
    12 (+ 9) 151.22 128.58 79.6 120.37 102.35 20.3 30.70 26.10 0.1 0.15 0.13 
                            

2003 Summer 8 (+ 1-7) 582.91 474.97 54.3 316.52 257.91 35.4 206.35 168.14 10.3 60.04 48.92 
                            
    12 (+ 9) 122.17 119.48 87.3 106.65 104.31 9.2 11.24 10.99 3.5 4.28 4.18 
                            
  Autumn 8 (+ 3-7) 206.11 135.68 40.9 84.30 55.49 56.7 116.86 76.93 2.4 4.95 3.26 
                            
    12 (+ 9) 134.10 110.60 49.9 66.92 55.19 46.8 62.76 51.76 3.3 4.42 3.65 
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