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ABSTRACT 
 
Previous results of the identification of immature sockeye salmon by scale pattern analysis 

demonstrate the dominance (68-76%) of Bristol Bay complex stocks (age .1 ~ 70%) in the west part of 
Bering Sea (biostatistical districts 8 and 12) from trawl catches R/V “TINRO” in July and August. In 
September and October the percent of these fishes gets evidently lower (27-38%). This age group among 
the Asian stocks is the most frequent in the complexes of Chukotka and North-Eastern Kamchatka (13-
15% in summer, 23-38% in autumn), either of Western Kamchatka (11-17% in summer, 21-35% in 
autumn). Among fishes (age .2 ~ 25%) mostly Asian stocks dominated, where representation of the 
Eastern Kamchatka sockeye salmon was the most significant (20-38 % in summer, 47-59% in autumn). 
The stocks of Chukotka and North-Eastern Kamchatka contributed 3-33 % in summer and 12-21% in 
autumn. West Kamchatka sockeye salmon occurred in the catches as in summer (8-18%), as in autumn 
(20-29%). In July and August in the district 12 the dominance (59%) was Alaska sockeye salmon. In the 
area 8 this stock did not contribute over 21%. In autumn the contribution of .2 American sockeye salmon 
was obviously decreased to 12% in the district 12. Northward, in the district 8, the fishes from Bristol Bay 
were not observed.  
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INTRODUCTION 

 

 The work represented is a continuation on the identification monitoring of local stocks of 
feeding sockeye salmon began in 2002  from the R/V «TINRO» trawl catches  in the western 
Bering Sea on the program of Bering-Aleutian salmon international survey (BASIS) (Bugaev, 
2004а). In 2003 the results giving an insight about two stages of this survey have been obtained. 
The first stage was in summer (July-August), the second – in the fall (September-October). In the 
course of the survey sockeye salmon abundance and biomass were estimated for each of the 
stages (NPAFC, 2004). On the base of the results obtained we tried to estimate the abundance 
ratio between Asian and American .1 and  .2 immature sockeye salmon in the western Bering 
Sea in the summer and fall periods. It should be noted that the estimations on the identification 
for now are of preliminary character to some extent. Getting finally data can be possible only on 
comparing mixed scale samples (.1 and .2 immature individuals) with data lines 2004 and 2005 
(.3 mature individuals). In this case the fishes from mixed and standard samples are of the same 
of birth, what provides taking into account the factor of interannual variations coded in the 
course of forming scale structural elements. Nevertheless, our previous studies have 
demonstrated, that in the cases when the differences in scale structure between principal stock 
complexes are authentic, that is of a quite stable character in time (Bugaev, 2003a; 2004b). To 
the contrary, the case of scale criteria based  similarity between several stocks, to some extent 
also is quite stable in interannual aspect. For example, the complex of West Kamchatka stocks  is 
always well identified in practice, whereas the stocks of East and North-East Kamchatka have 
their scale structure quite similar  to Bristol Bay sockeye salmon scale structure. Therefore, 
taking into account not a simple character of estimations, obtained with any method of 
identification, a possible error is always meant while accomplishing population-biological works. 
In this sense a systemic approach is important to provide standardization  of these works in the 
course of monitoring.    

The purpose of this work is to male identification of big complexes of Asian and 
American stocks of immature sockeye salmon on the base of scale structure analysis by principal 
biostatistical localities of the Bering Sea part within the Economic Zone of Russia. 

 

MATERIALS AND METHODS 
 

Mixed materials were .1 and .2 sockeye salmon scale samples, collected from trawl 
catches of R/V «TINRO» in the western Bering Sea in summer and autumn 2003 (Fig. 1). In this 
work we use the system of divisions accepted for biocenological studies of commercial zone of 
Russia in the Far East (Shuntov, 1986; Volvenko, 2003). The mayor data massif was obtained 
from the districts 8 and 12 (more than 80%). Therefore for convenience hereinafter we used for 
description whatever tendencies in text the titles of these two districts. The volume of mixed 
scale samples is represented in the table 1. In total for age composition estimation there were 
1850 individuals used, including 1308 of them identified. 

The data lines were collected by staff of KamchatNIRO, Sevvostrybvod and Department 
of Fish and Game (Anchorage, State Alaska) from river and off-shore catches in Asian and 
American coasts in June-August 2003 (Fig. 2). The sample size and composition of scale lines is 
represented in the Table 2. Totally in the work there were  2153 individuals of sockeye salmon 
used as scale lines, including 1212 individuals of 1.3 sockeye salmon and  941 individuals of 2.3 
ones.  

This paper does not contain a detail description of the methods of scale criteria sampling 
and processing we usually used for the studies like these, because we have published on the 
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methodical grounds used for identification of sockeye salmon local stocks in the Economic Zone 
of Russia not at once earlier (Bugaev, 2003 a, b).      

The results of cluster analysis (hierarchical agglomeration by average Euclidean distance) 
were used to group baseline data from individual stocks and age groups into a few baselines that 
included all fish with similar scale patterns (MathSoft, 1997).   
Millar’s software (Millar 1987, 1990) was used to evaluate the accuracy of the regional baseline 
models.  This method involved baseline-dependent simulations of mixed-stock samples of fish, 
randomly sampled with replacement from within each regional baseline. The percent 
composition of each baseline within the mixture was set before the start of the simulation, which 
calculates maximum likelihood estimates (MLE) of stock composition for each simulation run. 
The averages of the estimates from 500 simulation runs were used as measures of the accuracy of 
the baseline models. For compare used results of baseline-independent simulation. In this case 
was made direct identification for two parts of each cluster. In essence, each component of 
simulation was artificially shared into two halves and then each half identified another half.  

Millar’s software was also used to calculate MLE estimates of the proportions of the 
regional stocks in the 2003 R/V TINRO samples (Millar 1987, 1990).  The standard deviation 
and 95% confidence intervals of the MLEs were calculated from 500 bootstrap runs, which 
included resampling of both the baseline and mixture samples and calculation of the stock 
composition estimates for each run. 
 

RESULTS AND DISCUSSION 

Scale baselines 
 

 Cluster analysis. Cruster analysis of basis line samples has been resulted in building the 
joint-trees characterizing similarity and difference between the scale standards used (Fig. 3). In 
the case of 1.3 sockeye salmon four clusters can be figured out: 1) Chukotka + North-East 
Kamchatka; 2) Alaska + North-East Alaska; 3) East Kamchatka; 4) West Kamchatka. In 
principle, the subdivision is rather well characterized in geographical aspect. We have noted, that 
the complex of stocks of Bristol Bay traditionally uses mutual with the cluster of North-East 
Kamchatka stocks. So pointed out the similarity like this not at once (Bugaev, 2003 a, b). Taking 
into account the fact, that the mixed samples in our work are represented by immature sockeye 
salmon only, it can be suggested with a minimal error, that the fishes identified by this cluster 
would belong mostly to the Bristol complex of stocks. That is determined  by significant  
abundance prevalence of Alaska sockeye salmon, it being compared to the stocks of North-East 
Kamchatka. In the case with Asian sockeye salmon, when whole clusters were derived  from 
low-abundant or from high-abundant stocks, the preference in origin estimation was given to the 
latter, because  if so the probability of error gets lower. 
 For 2.3 sockeye salmon three clusters can be figured out: 1) Chukotka + North-East 
Kamchatka; 2) Alaska + East Kamchatka; 3) West Kamchatka. In this case a suggestion about 
two different complexes of stocks to be in East Kamchatka and Alaska, seem problematic. That 
mostly relates to similarity between scale criteria of sockeye salmon of Kamchatka River and of 
Bristol Bay in 2003. As it was noted above, usually the maximum similarity is observed between 
the stocks of Alaska and of North-East Kamchatka. However, in this year this problem appeared 
in relation to the second in the abundance stock in Asia – Kamchatka River stock. Therefore it is 
impossible a simple marking out Asian and American sockeye salmon from the part of mixed 
sample identified with this cluster with using the factor of abundance only. Getting more 
objective results required us to orient to the results of identification among the group 1. For that 
we used the ratios between the stocks of East Kamchatka and of Alaska obtained with using 1.3 
basis data lines. On the base of these ratios for each biostatistical area we had got a proportion to 
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extrapolate it to the part of mixed sample identified with the cluster Alaska + East Kamchatka, 
when differentiating the fishes  in the age group 2.  That provided getting a rather objective data 
on identification of Asian and American sockeye salmon stocks. Of course, the probability to err 
at this approach can be higher, then in the case of direct analysis, but it is a forced measure to 
provide standardization of error. 
 Simulation. Dependent simulation has demonstrated the resolution ability of data line 
simulations by the age groups 1.3 and 2.3 to be 90.38 and 93.44% respectively (Table 3 and 4). 
In the course of independent simulation the accuracy was some higher:  93.12% for the group 1.3 
and 96.11% for the group 2.3 (Table 5 and 6). In earlier works we always used the results of 
dependent simulation only. Therefore, when we talk about the resolution ability of the basis data 
line simulations used, we mean definite results, i.e. the accuracy is 90-93% approximately. 
Usually in studies the dependent simulation demonstrates the results set too high. However in 
our case it turned to the opposite, what is rather to confirm  a high resolution ability of basis data 
line simulations obtained. 
  

Age structure 
 

 Age composition of immature sockeye salmon  from the trawl catches in summer and fall 
periods is demonstrated in the Tables 7 and 8. The data indicate overwhelming dominance of 
fishes of the age groups 1.1, 1.2, 2.1 and 2.2. The groups of 1.1 и 2.1 are obviously dominating 
in frequency. That is pointed out as for summer, as for the fall period. In the whole such age 
structure is characteristic for immature sockeye salmon, feeding in high seas of the Bering Sea 
(French et al., 1976; Birman, 1985; Burgner, 1991). From the high seas to the coast the percent 
of .0 fishes increases obviously, what fits well known conformities of law of early marine period 
of life in the off-shore (Birman, 1985; Karpenko, 1998). Presence of yearlings in the catches 
compared to that of dominant age groups mentioned above is practically negligible in summer. 
The percent of yearlings gets visibly increased only to the fall to be 20% approximately. That 
relates to juvenile migration from the off-shore area the high seas, where the principle survey 
was carried out. However, since in our work we make identification of immature sockeye salmon 
only, juvenile fishes were not included in the age composition suggested. That is reasonable, 
because the estimations of the abundance and the biomass of Pacific Salmon from the data of 
R/V «TINRO» trawl catches were accomplished separately for juvenile and immature 
individuals (NPAFC, 2004).    
            In the course of the analysis of sockeye salmon age groups distribution by principal areas 
of trawling it has been seen, that in both periods - in summer and in the fall, the dominance 
(63.76-80.64% (Fig. 4)) in the western Bering Sea was the fishes .1. The fishes from the group .2 
contributed from 18.41 to 33.33%. The portion of sockeye salmon by .3 and .4 age groups in all 
cases was less than 3%.  

It should be pointed out in the whole, that summary portions of the allocated age groups 
(AAG) for analysis, including 1.1, 1.2, 2.1 and 2.2, took from 86.81 to 92.60%. Such scale of 
material to be identified rather fits ultimate requirements to be representative for scale pattern 
analysis.       

 
Local stocks identification 

 
 The results of identification of sockeye salmon local stocks by dominant age groups in 
the R/V «TINRO» trawl catches in summer-fall period are demonstrated  in details in the Tables 
9 and 10. The data summarized on the fishes from the group .1 (1.1 + 2.1) indicate that mostly 
Bristol Bay sockeye salmon (68-76%) was feeding in the western Bering Sea (districts 8 and 12) 
in July-August 2003 (Fig. 5). The portions of Asian sockeye  were visibly lower: 11-17%  of 
West Kamchatkan (the principal stock is the stock of the Ozernaya River) and 13-15% of 
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Chukotka + North-East Kamchatkan. Interesting fact of no discovered fishes of East Kamchatka 
(the principal stock is the stock of the Kamchatka River) of this age group in the catches for 
summer period. In the fall it a reduce of Alaska sockeye salmon portion has been obvious (up to 
27-38%). The contribution of East Kamchatka sockeye salmon was insufficient – 4-14%. The 
frequency of the group of West Kamchatka sockeye salmon stocks in the catches was relatively 
high – 21-35%. The portions of Chukotka and North-East Kamchatka sockeye were достаточно 
also high and varied from 23 to 38%. Moreover, in the district number 8 this complex of stocks 
dominated. 
 Scattering of sockeye salmon stocks of the age group .2 was different to some extent (Fig. 
6). Also in  summer catches presence of  fishes of Bristol complex membership got visible in the 
district  12 (59%) and 8 (21%). Like in the case with .1 sockeye salmon American stocks clearly 
dominated in the district 12  over Asian stocks in frequency in the catches. Although at that the 
portions of stocks of East Kamchatka were visibly higher, taking 20-38%. In this period West 
Kamchatka sockeye salmon contributed from 8 to 18% to the catches, Chukotka and North-East 
Kamchatka – from 3 to 33%. The frequency of the last complex mentioned above also was the 
highest in the district 8. In September-October, similar to the previous case described, presence 
of Bristol Bay sockeye salmon got visibly reduced. There were no one individual of this complex 
of stocks observed in the district 8; in the district 12 the contribution of this complex reduced to 
12%. East Kamchatka sockeye salmon dominated in the region, taking from 47 to 59%. The 
frequency of West Kamchatka group of stocks in this period varied in the range 20-29%, the 
frequencies of Chukotkan and North-East Kamchatka stocks were not over 12-21%. 

Analysis of the results obtained allows to suggest several general tendencies:  
1. The highest frequency of American immature sockeye salmon of the age groups .1 and 

.2 in the Western Bering Sea in 2003 was recorded in summer period of studies. In the fall the 
frequency of Bristol sockeye salmon in the catches got visibly reduced. In all cases the highest 
frequency of Alaska complex of stocks was found in the district 12. Well known schemes of 
immature (.1 or .2) sockeye salmon feeding migrations in West Alaska, suggested by R. French 
et al. (1976), give an illustration that West Alaska sockeye salmon potential frequency to the fall 
in the Economic Zone of Russia can to increase (Fig. 7). It is clear however, that these schemes 
are extensively generalized and cannot illustrate in details all the patterns of migration process of 
American sockeye salmon in the Western Bering Sea. Moreover, these schemes don’t provide 
the possibility to monitor interannual variations different from principal directions mentioned. 
Therefore, it cannot be excluded, that the tendency we have revealed relates to the terms of 
feeding in 2003 in particular.  

2. For both periods the occurrence of Bristol Bay fishes was higher for individuals of the 
age group .1. Exactly this age group dominated absolutely in the R/V «TINRO» catches in 2003 
contributing in average more than 70% to the total harvest of immature fish. In principle, that fits 
the level of high abundant run of Bristol Bay sockeye salmon in 2004 (43.5 million fishes), 
whereas the contribution of .2 individuals was about 75% (www.cf.adfg.state.ak.us);  

3. The fishes in the group .1 demonstrate a low frequency of East Kamchatkan 
individuals as in summer, as in the fall, the group being compared to the group .2. At that the 
results of our previous observations indicate that given complex of stocks dominated in the R/V 
«TINRO» trawl catches in September-October 2002 in both age groups (Bugaev, 2003а). 
Perhaps that was due to confusion of migration routes of East Kamchatka sockeye salmon under 
the influence of biotic (high stock abundance of Bristol Bay sockeye salmon) or abiotic 
(abnormal hydrological regime in the waters of the Bering Sea in 2003) factors. Especial role in 
this process of the abundance reduce, observed currently, of sockeye salmon stock of Kamchatka 
River, which is a principal reproduction river in this region, cannot be excluded. Let’s note, that 
the relatively high frequencies obtained of East Kamchatka sockeye salmon stocks (the group .2) 
are not a contradiction, because in the whole for the fishes of this age group it is relatively low to 
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be in average about 25% in the total catch of immature individuals. The percent is practically 
two times lower, being compared to that in 2002 (Bugaev, 2003а);  

4. The contributions of West Kamchatka sockeye salmon in all cases were quite sensible, 
what indicates a stable occurrence of this complex in the Western Bering Sea. In the fall the 
occurrence of West Kamchatka sockeye salmon in the area mentioned increased. Our earlier 
observations in 2002 confirm that (Bugaev, 2004а). The data obtained agree as with the 
tendencies revealed before on the distribution of the Ozernaya River stock (West Kamchatka) in 
the Bering Sea and Northern Pacific Ocean (Birman, Konovalov, 1968; Selifonov, 1989), as with 
known simulation of Asian sockeye salmon migration by stages of marine period of life (French 
et al., 1976). The scheme is demonstrated in the Fig. 8, one can see that immature part of 
Kamchatkan stocks (the age groups .1 and .2) migrates in June-September for feeding to the 
Western Bering Sea from the Western and Central North Pacific;    

5. The maximum frequency of Chukotkan and North-East Kamchatkan stocks in the age 
groups .1 and .2 was in the district 8 in summer and in the fall (Olutorski and Navarinski 
districts), i. e. in vicinity of the places of  their reproduction. That probably relays to the 
boundary  of their distribution at sea, which is situated northward from principal forage areals of 
East Kamchatkan and West Kamchatkan sockeye salmon stocks. 
 

Abundance of Asian and American stocks 
 

Sockeye salmon abundance in the Western Bering Sea in summer-fall 2003 was 
estimated as a result of trawl survey accomplished by R/V «TINRO» (Table 11, Fig. 9). 
Summary estimations of immature sockeye salmon abundance in biostatistical districts studied 
are demonstrated by age groups in the Table 12. Relative abundance of Asian and American 
immature sockeye salmon in the Western Bering Sea (табл. 13 и 14) was assessed from these 
estimations on the base of local stocks identification.  

It is clear from the data represented that summer and winter expected abundance of Asian 
and North American sockeye salmon in the districts studied is seriously different. The most 
likely that it is due to the fact of feeding migrations of immature sockeye salmon emerged from 
different continents. In summer the abundance of Asian stocks of the group .1 took 24.52 million 
individuals, although in the fall it was 48.25 million individuals. The abundance of North 
American stocks of the same group was 58.65 million individuals in summer and 25.06 million 
individuals in the fall. For age group .2 the abundance was visibly less. Expected abundance of 
Asian stocks in summer was 15.89 million individuals and in the fall – 23.49 million individuals. 
The expected abundance of American stocks in summer was 10.80 million individuals 
approximately and in the fall – 2.29 million individuals. 

To make the analysis of the data obtained correct we compared obtained estimations of 
the abundance and the returns of sockeye salmon to the coasts of Kamchatka and Alaska in 2004. 
The comparison has demonstrated that the estimations of the abundance in some cases were 
sensibly over the real returns of sockeye salmon in 2004 г. It especially concerns Asian stocks. 
However significant presence of North American origin 0.1 fishes in the Western Bering Sea   
agrees with high abundance of returns and age composition of Bristol Bay sockeye salmon 
spawners in 2004. Otherwise the estimations of abundance obtained are rather high. That gets 
especially obvious, if to take into account that the studies concerned relatively small part of 
foraging areal  of Asian and American sockeye salmon.  

In this connection three suggestions can take place allowing to explain the results 
obtained to some extent. The first suggestion concerns the possibility of ultimate methodical 
errors to happen either in the course of direct identification of local stocks and in the estimations 
of the abundance based on the trawl catches. In both cases there is an error, which does not allow 
to make the estimations obtained absolute. The second suggestion concerns the possibility of 
ecosystem transformation character of migration processes. That perhaps depends on the 
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contemporary climate and oceanography conditions determining stronger income of American 
stocks for feeding in the Western Bering Sea. The third suggestion conserns potential mortality 
of sockeye salmon for marine period of life. Unfortunately an answer to the question, even 
approximate, is also problematic to be because the estimations of the abundance are made for a 
limited part of sockeye salmon feeding areal. Nevertheless, the possibility of higher mortality 
caused by predators is evidenced by the data on the Pacific Salmon  traumatism observed in the 
course of prespawning and feeding migrations of Pacific Salmon in the Exclusive Economic 
Zone of Russia. For example, in 2003-2004 the frequency of fishes got traumas from predators 
reached in drift nets and in trawl catches  up to 10-20% (Sviridov et al., 2004; Bugaev, 
Shevlyakov, 2005). This number can be reckoned as rather high, if mean that we discuss the 
fishes only survived after predator’s attacks.  
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Fig. 1. The biostatistical districts used by TINRO-Center for biocenological studies in the 

western Bering Sea (From Shuntov, 1986; Volvenko 2003). 
 

 

    

 

 

 

 

 

 

 

 

 

 

 
 
Fig. 2.  The geographic locations and stocks of sockeye salmon in 2003 scale samples used for 

baseline data: 1 – north-west Kamchatka (NWKAM); 2 – west Kamchatka (WKAM); 3 – 
south-west Kamchatka (SWKAM); 4 – south-east Kamchatka (SEKAM); 5 – east 
Kamchatka (EKAM); 6-8 – north-east Kamchatka (NEKAM1 – Karaginsky district, 
NEKAM2 – Olutorsky district, NEKAM3 – Navarinsky district); 9 – Chukotka 
(CHUKOTKA); 10 – Alaska (BBAY – Bristol bay) 
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Fig. 3. Hierarchical clustering dendrograms for the scale baselines of sockeye salmon: A – age 
1.3, B – age 2.3 
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Fig. 4. Distribution age groups of immature sockeye salmon in the western part of Bering 
sea in the summer-autumn by data from trawl catches R/V “TINRO” in 2003 
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Fig. 5. Distribution complexes local stocks of immature sockeye salmon for age group .1 in the 
western part of Bering sea in the summer-autumn by data from trawl catches R/V 
“TINRO” in 2003 
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Fig. 6. Distribution complexes local stocks of immature sockeye salmon for age group .2 in the 

western part of Bering sea in the summer-autumn by data from trawl catches R/V 
“TINRO” in 2003 
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Fig. 7. Model of migration of western Alaska sockeye salmon (by French et al., 1976) 
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Fig. 8. Model of migration of Asian sockeye salmon (by French et al., 1976) 
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Fig. 9.  Spatial distribution of relative abundance (inds./km2) of immature sockeye salmon 

in the western Bering Sea, July 15 – September 8, 2003 (A) and September 14 – 
October 25, 2003 (B).  Designations: 1 – no catch; 2 - 2 - < 50; 3 – 51-100; 4 – 101-
251; 5 – 251–500; 6 – 501-1000; 7 – > 1000 inds./km2 (TINRO Center, 
Vladivostok, Russia). 
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Table 1. Size scale used in the work from trawl catches R/V “TINRO” in the western part of 

Bering sea in 2003  
 

Biostatistical districts Period Size of scale samples 
    Age Identification 

2-8 Luly-August 527 372 
  September-October 447 247 

9-12 July-August 310 264 
  September-October 566 425 

ВСЕГО July-October  1850 1308 
 

 

Table 2.  Stock composition and sample size of sockeye salmon scale baselines for 2003 
 

Region River/stock Code Age 
      1.3 2.3 
North-Western Kamchatka r. Palana NWKAM - 100 
Western Kamchatka r. Vorovskaya WKAM 45 - 
  r. Icha   42 - 
South-Western Kamchatka r. Bolshaya SWKAM 100 - 
  r. Kikhchik   94 - 
  r. Ozernaya   - 100 
  r. Utka   20 - 
South-Eastern Kamchatka r. Avacha SEKAM - 20 
  r. Jupanova   100 - 
Eastern Kamchatka r. Kamchatka EKAM 100 100 
North-Eastern Kamchatka r. Dranka NEKAM1 21 - 
(Karaginski district) r. Ivashka   25 - 
  r. Karaga   40 - 
  r. Kichiga   21 - 
  r. Khailula   70 - 
North-Eastern Kamchatka r. Anana NEKAM2 - 100 
(Olutorski district) r. Kultushnaya   31 34 
  r. Pakhacha   100 50 
North-Eastern Kamchatka r. Kaichimmovayam NEKAM3 25 50 
(Navarinski district) r. Severnaya   50 100 
Chukotka r. Amaam CHUKOTKA 92 55 
  r. Meynypilgyn   45 100 
  r. Tumanskaya   91 32 
Alaska Port Moller BBAY 100 100 
(Bristol Bay)         
Total     1212 941 
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Table 3. Homogenous-mixture baseline-dependent simulation results for the cluster-based of 
sockeye salmon by age groups 1.3, MLE/SD 

Cluster N 1. 2. 3. 4. 
1. Chukotka + North-Eastern Kamchatka 303 0.9055 0.0546 0.0366 0.0059 
    0.0623 0.0457 0.0399 0.0124 
2. Alaska 377 0.0482 0.8396 0.0484 0.0208 
    0.0597 0.0861 0.0666 0.0300 
3. Eastern Kamchatka 231 0.0454 0.0853 0.9026 0.0057 
    0.0423 0.0746 0.0773 0.0124 
4. Western Kamchatka 301 0.0009 0.0205 0.0124 0.9676 
    0.0029 0.0228 0.0160 0.0308 
Mean accuracy, %         90.38 
 
Table 4. Homogenous-mixture baseline-dependent simulation results for the cluster-based of 

sockeye salmon by age groups 2.3, MLE/SD 
Cluster N 1. 2. 3. 

1. Chukotka + North-Eastern Kamchatka 521 0.8603 0.0168 0.0000 
    0.0677 0.0267 0.0001 
2. Alaska + Eastern Kamchatka 320 0.1317 0.9431 0.0001 
    0.0672 0.0389 0.0015 
3. Western Kamchatka 100 0.0080 0.0401 0.9999 
    0.0125 0.0287 0.0015 
Mean accuracy, %       93.44 
 
Table 5. Homogenous-mixture baseline-independent simulation results for the cluster-based of 

sockeye salmon by age groups 1.3, MLE/SD 
Cluster N 1. 2. 3. 4. 

1. Chukotka + North-Eastern Kamchatka 153 0.9728 0.1285 0.0621 0.0000 
    0.0453 0.0385 0.0374 0.0000 
2. Alaska 190 0.0105 0.8578 0.0000 0.0386 
    0.0427 0.0419 0.0000 0.0213 
3. Eastern Kamchatka 116 0.0167 0.0000 0.9326 0.0000 
    0.0305 0.0000 0.0415 0.0000 
4. Western Kamchatka 151 0.0000 0.0137 0.0053 0.9614 
    0.0000 0.0156 0.0170 0.0213 
Mean accuracy, %         93.12 
 
Table 6. Homogenous-mixture baseline-independent simulation results for the cluster-based of 

sockeye salmon by age groups 2.3, MLE/SD 

Cluster N 1. 2. 3. 

1. Chukotka + North-Eastern Kamchatka 261 0.9090 0.0189 0.0000 
    0.0320 0.0279 0.0000 
2. Alaska + Eastern Kamchatka 160 0.0910 0.9742 0.0000 
    0.0320 0.0309 0.0000 
3. Western Kamchatka 50 0.0000 0.0069 1.0000 
    0.0000 0.0129 0.0000 
Mean accuracy, %       96.11 
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Table 7. Age composition of immature sockeye salmon from trawl catches R/V “TINRO” in summer (July-August), % 
 

Age 
Biostatistical 

districts N 0.1 0.2 0.3 1.1 1.2 1.3 1.4 2.1 2.2 2.3 3.1 3.2 4.1 AAG

2-8 527 2.65 0.95 0.38 36.81 11.39 0.19 - 38.90 5.50 0.38 2.09 0.57 0.19 92.60
                                

9-12 447 5.14 1.56 0.67 29.53 16.11 1.79 - 26.85 14.32 0.45 2.24 1.34 - 86.81
                                

Note. AAG – allocated age groups  (1.1, 2.1, 1.2 and 2.2) used for identification local stocks of  sockeye salmon. 

 

Table 8. Age composition of immature sockeye salmon from trawl catches R/V “TINRO” in autumn (September-October), % 
 

Age Biostatistical 
districts N 0.1 0.2 0.3 1.1 1.2 1.3 1.4 2.1 2.2 2.3 3.1 3.2 4.1 AAG

2-8 310 2.90 1.61 - 51.61 10.97 1.61 - 20.97 7.42 0.65 1.94 0.32 - 90.97
                                

9-12 566 5.48 0.88 - 31.98 13.96 1.06 0.18 29.15 12.01 0.88 3.36 1.06 - 87.10
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Table 9. Maximum likelihood estimates (MLE), standard deviations (SD) and confidence intervals (CI – 95 %) derived for results of 
identification local stocks of immature sockeye salmon from trawl catches R/V “TINRO” in the western part of Bering sea in 
summer (July-August) 

Biostatistical districts Age N Cluster MLE SD CI - 95 % 

2-8 1.1 135 Chukotka + North-Eastern Kamchatka 0.1961 0.0547 0.0953-0.3265 
      Alaska 0.7186 0.0607 0.5807-0.8297 
      Eastern Kamchatka - - - 
      Western Kamchatka 0.0853 0.0300 0.0325-0.1493 
  2.1 151 Chukotka + North-Eastern Kamchatka 0.1092 0.0418 0.0209-0.1496 
      Alaska + Eastern Kamchatka 0.6466 0.0588 0.5159-0.7596 
      Western Kamchatka 0.2442 0.0456 0.1692-0.3749 
  1.2 57 Chukotka + North-Eastern Kamchatka 0.3536 0.0916 0.1681-0.5321 
      Alaska 0.2185 0.1251 0.0000-0.4530 
      Eastern Kamchatka 0.3619 0.1237 0.1008-0.6302 
      Western Kamchatka 0.0660 0.0413 0.0000-0.1649 
  2.2 29 Chukotka + North-Eastern Kamchatka 0.2894 0.1162 0.0740-0.4824 
      Alaska + Eastern Kamchatka 0.5960 0.1429 0.3169-0.8417 
      Western Kamchatka 0.1146 0.0944 0.0000-0.3671 

9-12 1.1 59 Chukotka + North-Eastern Kamchatka 0.3078 0.0856 0.1405-0.5002 
      Alaska 0.5808 0.0934 0.3870-0.7696 
      Eastern Kamchatka - - - 
      Western Kamchatka 0.1114 0.0492 0.0236-0.2205 
  2.1 76 Chukotka + North-Eastern Kamchatka - - - 
      Alaska + Eastern Kamchatka 0.8919 0.0513 0.7119-0.9604 
      Western Kamchatka 0.1081 0.0513 0.0387-0.2881 
  1.2 61 Chukotka + North-Eastern Kamchatka 0.0370 0.0569 0.0000-0.2082 
      Alaska 0.6645 0.1229 0.3349-0.8740 
      Eastern Kamchatka 0.2254 0.1070 0.0217-0.4876 
      Western Kamchatka 0.0731 0.0518 0.0000-0.1914 
  2.2 51 Chukotka + North-Eastern Kamchatka 0.0359 0.0759 0.0000-0.2143 
      Alaska + Eastern Kamchatka 0.6529 0.1155 0.3910-0.7952 
      Western Kamchatka 0.3112 0.0835 0.1733-0.4961 
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Table 10. Maximum likelihood estimates (MLE), standard deviations (SD) and confidence intervals (CI – 95 %) derived for results of 
identification local stocks of immature sockeye salmon from trawl catches R/V “TINRO” in the western part of Bering sea in 
autumn (September-October) 

Biostatistical districts Age N Cluster MLE SD CI - 95 % 

2-8 1.1 147 Chukotka + North-Eastern Kamchatka 0.4080 0.0590 0.2830-0.5257 
      Alaska 0.2976 0.0702 0.1404-0.4560 
      Eastern Kamchatka 0.1554 0.0568 0.0340-0.2818 
      Western Kamchatka 0.1390 0.0341 0.0749-0.2135 
  2.1 63 Chukotka + North-Eastern Kamchatka 0.2997 0.0815 0.1252-0.4169 
      Alaska + Eastern Kamchatka 0.2983 0.0938 0.1487-0.5286 
      Western Kamchatka 0.4020 0.0759 0.2548-0.5554 
  1.2 31 Chukotka + North-Eastern Kamchatka 0.3548 0.1138 0.1228-0.5735 
      Alaska - - - 
      Eastern Kamchatka 0.4379 0.1273 0.1953-0.7032 
      Western Kamchatka 0.2073 0.0878 0.0391-0.4003 
  2.2 23 Chukotka + North-Eastern Kamchatka - - - 
      Alaska + Eastern Kamchatka 0.8043 0.0985 0.6036-0.9999 
      Western Kamchatka 0.1957 0.0985 0.0000-0.3893 

9-12 1.1 154 Chukotka + North-Eastern Kamchatka 0.4043 0.0589 0.3042-0.5292 
      Alaska 0.3325 0.0734 0.1624-0.4530 
      Eastern Kamchatka 0.0325 0.0440 0.0000-0.1341 
      Western Kamchatka 0.2307 0.0397 0.1586-0.3198 
  2.1 136 Chukotka + North-Eastern Kamchatka 0.0442 0.0306 0.0022-0.1167 
      Alaska + Eastern Kamchatka 0.4670 0.0612 0.3136-0.5480 
      Western Kamchatka 0.4888 0.0541 0.4010-0.6119 
  1.2 71 Chukotka + North-Eastern Kamchatka 0.1690 0.0683 0.0346-0.3202 
      Alaska 0.1126 0.0919 0.0000-0.3390 
      Eastern Kamchatka 0.4603 0.1007 0.2364-0.6579 
      Western Kamchatka 0.2581 0.0628 0.1290-0.3749 
  2.2 64 Chukotka + North-Eastern Kamchatka 0.0654 0.0532 0.0000-0.1787 
      Alaska + Eastern Kamchatka 0.6117 0.0881 0.4443-0.7880 
      Western Kamchatka 0.3229 0.0735 0.1685-0.4659 
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Table 11. Abundance (millions individuals) of sockeye salmon in the upper epipelagic layer of the western Bering sea by data trawl 
catches R/V “TINRO” during summer-fall in 2003  

 
Biostatistical district 

Pacific 
ocean Bering Sea Season Mature Trawl 

coefficient % 

5 + 6 12 9 8 7 5 4 3 2 1

Total 

Summer mature 0.3 1.09 1.20 0.15 - - - - - - - - 1.35 
  immature 0.3 97.73 9.37 39.98 1.06 50.08 0.89 13.07 0.57 5.75 0.32 - 121.09
  juvenile 0.4 1.18 - - - - - 1.24 0.10 - 0.12 - 1.46 

Autumn mature 0.3 0.02 0.03 - - - - - - - - - 0.03 
  immature 0.3 90.54 10.19 68.23 0.23 30.14 2.53 0.15 - - - - 111.47
  juvenile 0.4 9.44 - 5.90 1.32 1.91 1.48 0.78 0.18 0.05 - - 11.62 

 
 
Table 12. Abundance (millions individuals) of immature sockeye salmon by age groups in the western Bering sea for data trawl 

catches R/V “TINRO” during summer-fall in 2003  
 

Age group 
.1 .2 .3 .4 Season Biostatistical 

districts % Millions of fish % Millions of fish % Millions of fish % Millions of fish

Total, 
millions 
of fish 

Summer 2-8 80,64 57,00 18,41 13,01 0,95 0,67 - - 70,68 
  9-12 63,76 26,17 33,33 13,68 2,91 1,19 - - 41,04 

Autumn 2-8 77,42 25,41 20,32 6,67 2,26 0,74 - - 32,82 
  9-12 69,97 47,90 27,91 19,11 1,94 1,33 0,18 0,12 68,46 

 
 
 



25 

Table 13. Abundance of  immature sockeye salmon from Asia and North America by age groups 
in the western Bering sea for data trawl catches R/V “TINRO” during summer-fall in 
2003 

Complexes stocks 

Asia North 
America  Season Biostatistical 

districts 
Age 

group % Millions 
of fish 

% Millions 
of fish % Millions 

of fish 
SUMMER 2-8 .1 80.64 57.00 32 18.24 68 38.76 

    .2 18.41 13.01 79 10.28 21 2.73 
  9-12 .1 63.76 26.17 24 6.28 76 19.89 
    .2 33.33 13.68 41 5.61 59 8.07 

Total       109.86   40.41   69.45 
AUTUMN 2-8 .1 77.42 25.41 73 18.55 27 6.86 

    .2 20.32 6.67 100 6.67 - - 
  9-12 .1 69.97 47.90 62 29.70 38 18.20 
    .2 27.91 19.11 88 16.82 12 2.29 

Total       99.09   71.73   27.36 
 
Table 14. Summarize abundance (millions individuals) of  immature sockeye salmon from Asia 

and North America by age groups in the western Bering sea for data trawl catches R/V 
“TINRO” during summer-fall in 2003  

Complexes stocks  
Season Age group 

Asia North America 

SUMMER .1 24.52 58.65 
  .2 15.89 10.80 

AUTUMN .1 48.25 25.06 
  .2 23.49 2.29 

 
 
Table 15. Run and age composition of adult sockeye salmon from Asia and North America in 

2004 
Age groups in offshore and rivers 

catches, %*** Complexes stocks Millions 
of fish % 

.2 .3 
Asia* 10.6 20 20 80 

          
North America** 43.5 80 75 25 

Note. * - for Asian stocks data take only from Kamchatka (about 95% capacity from Asian sockeye 
salmon). ** - for North America stocks data take only from Bristol Bay (about 80% capacity from 
American sockeye salmon). *** - in this case data show only approximate proportion for principal age 
group of adult sockeye salmon (age .2 and .3 more than 95% in the Asia and North America).      
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