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ABSTRACTS 

Basic results of juvenile Pacific salmon research, provided by KamchatNIRO in coastal 

waters of West and East Kamchatka in May–August 2004–2007 and 2010, are demonstrated. 

Two new constructions of trawl – 33.6/56 m and 33.6/72 m – have been worked out in 

KamchatNIRO especially for this research. An optimal method of fishing was suggested and 

optimal trawl models and time for trawl surveys were proposed for each particular district as a 

result. Fish fauna composition, density distribution and feeding by mass fish species were 

studied in order to estimate interspecies interactions in epipelagic nekton communities of 

Kamchatka coastal waters. New data about distribution, migration and time of juvenile salmon 

emigration to open sea waters were obtained. Dynamics of juvenile salmon biological 

parameters, age composition, physiological condition and gametogenesis in early marine period 

of life was studied. New data on hydrometeorology, coastal phyto– and zooplankton in 

Kamchatka, necessary to provide characterization of environmental conditions of juvenile 

salmon feeding habitat, were obtained. 

 

INTRODUCTION 

Early marine period in coastal waters and estuaries is one of principal life cycle periods 

for all Pacific salmon species of Oncorhynchus genera, as the time when generation stock 

abundance has been forming (Karpenko, 1998). The main factor, limiting the generation stock 

abundance in the estuaries, is predation of piscifags on juvenile salmons, but in the coastal 

waters such regulator is food supply (Karpenko et al., 2002).  

Principal factors to form juvenile food supply in the coastal waters are hydrological 

conditions of forage base environment and total abundance of grazing organisms or consumers 

(Karpenko, 1998; Maximemkov, 2007). The factor mentioned last provides especial interest to 

study interactions between juvenile salmons and other, first of all mass, fish species in coastal 

ecosystems. 

In 2004 KamchatNIRO launched a complex work to study coastal waters of Kamchatka 

(Dekshtein et al., 2005). The main purpose of this work was estimation of juvenile Pacific 

salmon stock abundance (first of all of West Kamchatka Pink salmon and Sockeye salmon of 
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Ozernaya and Kamchatka Rivers) and environmental conditions for juvenile salmons during 

their early marine period of life.  

Two new trawls were used as fishing gears in the research, both worked out in 

KamchatNIRO’s laboratory of commercial fishing especially to provide work in coastal zone 

(Kim and Adamov, 2008). A prototype for these fishing gears was the trawl 54.4/192 m, widely 

used before in the course of fall juvenile salmon trawl surveys (Kovalenko et al., 2008). The 

use of the new gears allowed to make trawling operations at a small depth. New data were 

obtained about species composition and distribution of mass fish species in coastal waters of 

Kamchatka, biology and ecology of juvenile salmons in their early period of feeding at sea 

(Koval, 2007; 2008; Koval et al., 2010; 2010b). 

 

MATERIALS AND METHODS 

All years the research work was provided in cruises of the R/V MRTK–316 (the 

shipowner KamchatNIRO). From 2004 to 2006 area of the work included coastal waters of 

West Kamchatka (fig. 1). In 2007 the work was provided in waters of West Kamchatka and 

Kamchatsky Gulf (East Kamchatka). In 2010 (after a break in the research of two years) the 

work was accomplished in waters of West Kamchatka, Kamchatsky and Kronotsky Gulfs. 

Trawl operations. For the whole period of the work in May–August, 2004–2010, there 

were accomplished 492 trawling operations in 11 surveys, including 386 them in waters of 

West Kamchatka and 106 – in waters of East Kamchatka (table 1). 

The trawls, used to provide the research, were 33.6/72 m and 33.6/56 m. Both trawls 

were made four–paddled and consisting of a rope and net frontal parts and a part of cylindrical 

trawl to accumulate the catch. As the trawls were worked out especially for the work in coastal 

waters (in the depth range 6–12 m), and also taking into account that surveyed fishes usually 

were of 3–15 cm in their size, the trawls had different lateral construction than usual. The 

trawls almost had no lateral line, what provided maximal horizontal opening (about 30–35 m) 

and comparatively small vertical opening (6–12 m). The length of the rope elements of the 

trawls was 4 meters (same as the length in the trawls 54.4/192 m), what allowed to compare 

results of survey fishing in а high sea parts of the Okhotsk and Bering Seas and of fishing in 
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coastal zone. Principle testing and adjustment of particular elements of the trawls 33.6/72 m 

and 33.6/56 m was provided in the course of researches in 2005 and 2006.  

The trawl system demonstrated a stable work in subsurface layer in the course of fishing. 

General length of the warps was 200 m. Speed of standard 15 min trawling was 3.0–4.2 knots. 

Trawl mesh in the cone was 6.5 mm. Catches were obtained in all operations, what can indicate 

of a correct adjustment and efficiency of used gears. 

Ichthyological research aboard. All the fishes, including juvenile Pacific salmon 

individuals, caught in every trawling operation, were counted by species and measured.  

Juvenile salmons in the catches were identified to species and measured, than the fishes 

were frosted to ensure possibility of reidentification to species or making a special research in 

laboratory. Moreover, there were made samples of 25 individuals of the other species, fixed in 

10% formalin or in refrigerator to provide further analysis in laboratory. 

Laboratory research. Frozen juvenile salmons were defrosted in laboratory and 

analyzed with standard method of complete biological analysis (Pravdin, 1966). Similar 

manipulations were provided over the other mass fish species, collected during the cruises. Fish 

stomachs were also collected to study diet of fishes; histological and biochemical samples were 

taken from juvenile salmons also. Sampling and processing trophological, histological and 

biochemical data and analyzing the data was provided by standard methods, accepted in Russia 

(Methodical edition…, 1974; Volkova and Eletskiy, 1982; Kizevetter, 1971; Lakin, 1980).  

Oceanographic research. Hydrological observations and phyto– and zooplankton 

sampling were provided almost at every station of trawling.  

Hydrological measurements at the stations included measuring surface water 

temperature, salinity within water column (in the waters of West Kamchatka from the bottom 

to the surface, in the waters of East Kamchatka in the layer 0–50 m) by the probe SBE–19 plus 

(Sea Bird Electronics Inc.) with step of 1 m in complex measuring the temperature, 

conductivity and pressure.  

Phytoplankton samples were collected in a surface layer. Samples of zooplankton in 

West Kamchatka were collected in the layer from bottom to the surface by standard Big Juday 

Net (the entrance diameter – 37 cm, filtering cone with the mesh of 0.168 mm) (Koval, 2003). 

Zooplankton samples were collected in East Kamchatka in the layer 0–50 m (when the depth at 
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station was less than 50 meters, sampling was provided from the bottom to the surface) by 

standard ichthyoplankton net IKS–80 (the entrance square of 0.5 m2 and filtering cone made of 

Capron sieve with the mesh 0.550 mm) (Koval, 2003). The phyto– and zooplankton samples 

were fixed aboard with 4% solution of formaldehyde and delivered to KamchatNIRO for 

laboratory analysis. 

RESULTS AND DISCUSSION 

Results of trawling in different locations have demonstrated that the most effective 

model of trawl, able to provide survey fishing in the waters of West Kamchatka, was the model 

33.6/56 m (vertical opening 6–8 m). A big width of the West Kamchatkan shelf (see fig. 1), 

normally limiting available depth for trawling (within 12–mile coastal zone) to 30 m, was 

determining in this case.  

It was found as a result of the trawl research in Kamchatsky Gulf in 2007 that the trawl 

33.6/56 m was less effective in this area in view of narrow East Kamchatkan shelf, in contrast 

to the shelf of West Kamchatka, and a big depth immediately behind the boundary of the shelf, 

where the majority of stations for trawling are situated. This is why in 2010 we began to use a 

bigger trawl 33.6/72 m (vertical opening 10–12 m) to provide a survey in the waters of East 

Kamchatka. 

The results we demonstrate below are basic, obtained on the data of trawl surveys, 

accomplished by the R/V MRTK–316 in coastal waters of West and East Kamchatka in May–

August, 2004–2007 and 2010.  

West Kamchatka 

For the whole period of the research in the waters of West Kamchatka we observed 32 

species of fish (also jellyfishes and squids) in the trawl catches (table 2). The most frequent 

species, seen in the catches, were Pacific sand lance, Pacific capelin, sandfish, juvenile 

salmons, juvenile walleye pollock, yellowfin sole (tables 3–4). Total contribution of these 

species to the total catch usually exceeded 90%. Jellyfishes generally dominated in the catches 

in biomass. 

Density distribution of nekton catches within the research area on West Kamchatka was 

quite equal in general. With that the maximal abundance of all fish species was observed in the 

area southward from 54°N, adjacent to the outlets of big rivers, including Ozernaya, Opala, 
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Bolshaya, Khomutina, Utka and Mitoga (fig. 2). Pacific sand lance and walleye pollock were 

dominant in the catches at the coastal stations, sandfish and yellowfin sole – in the catches at 

the offshore stations of West Kamchatka.  

Distribution and Migrations of Juvenile Pacific Salmon. Juvenile salmons were absent 

in the catches on West Kamchatka in May, 2005. In the last half of June and in July the 

dominance in the catches was provided by Coho, Chinook and Sockeye, whereas Pink, Chum 

and Masu salmon were sporadic there (see table 4). It is notable that all salmon species 

demonstrated similar character of juvenile distribution, and this is why we used summary 

abundance of juvenile salmons in the catches to illustrate the character.  

Basic aggregations of juvenile salmons (and nekton in the whole) at the west coast of 

Kamchatka were generally drawn towards outlets of big rivers. The catches of juvenile fish 

near the outlets reached almost several hundred individuals per a 15–minute trawling (fig. 3). 

In the course of some surveys, as it was in July in 2006 and 2010 (fig. 3–4), maximal juvenile 

aggregations were observed at mediate and extreme marine stations of control profiles. It has 

been found that such character of juvenile distribution in mentioned years was determined by 

abnormally low temperature (<5°С) of coastal waters. It has been found also, that the direction 

of the juvenile migration at the west coast coincided with general flow of the West Kamchatka 

Current.  

Spatial dynamics of size–weight parameters of fishes also can provide confirmation. It 

can be seen from Figure 5, that the average weight of juvenile Pink and Chum salmons at the 

west coast of Kamchatka went growing in the north direction. Such direction of juvenile 

migration also might determine poor catches of Pink and Chum salmons in trawl surveys, 

despite a high their total abundance in the rivers of the west coast. It is quite possible, that the 

main part of juvenile stock of these species has already left the boundaries of the research area 

since the time of the mass down–stream migration (the first half of June) and by the time, when 

the surveys began, in the direction of Shelikhova Bay northward from 55°N, where conditions 

of feeding are possibly more favorable due to a small depth, comparing to conditions in the 

coastal waters of West Kamchatka.  

Thus, the data on the juvenile salmon distribution in June–July, 2007, allowed us to 

estimate average migration rate in this area. It can be seen from figure 6, that the maximal 
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juvenile aggregations in late June were observed in vicinity of the Bolshaya River outlet. Some 

later, in the course of daily station there the catches were obtained first time further to the 

North. As it follows from calculations, juvenile salmons got moved for about 80 km in four 

days, and hence the average rate of migration could be about 20 km/day. 

Biological Characteristic of Juvenile Pacific Salmon. Results of analysis of observed 

biological parameters of juvenile salmons indicate of a wide range of fish body length and 

weight in the waters of West Kamchatka (table 5). Such width is a consequence of presence in 

the catches of juvenile salmon individuals from several populations, having population–specific 

time of their down river migration or stay in the coastal waters, or different ages. It is found 

generally that juvenile fishes in mentioned area demonstrate an increase in their average size–

weight parameters from June to July. In this period the body length–weight range gets wider, 

and the widest range in July can be observed for juvenile Coho salmon (fig. 7). That can at the 

expense of fishes, emerged from the rivers late and entering the area of survey.  

In this way, it was found from results of estimation of juvenile Sockeye salmon ages 

from otoliths, that individuals from the age groups 0+ and 1+ dominated in the catches in June, 

2005, what should be typical for river stocks (fig. 8). However, relative number of younger 

fishes was decreasing from June to July, whence in the opposite, the number of fishes 1+ and 

2+ increased. This fact can be explained at the expense of juvenile Sockeye salmon, emerged 

from Kurilskoye Lake (mainly 2+ fishes) and entering the area. Thus, the area at the west coast 

can be area of juvenile concentration or particular substitution in summer. This is why the 

ranges of the fish body length and weight were pretty wide in some periods of the survey, and 

hence, figuring out the interannual dynamics of the parameters on the base of the direct 

observation data, or juvenile growth rate estimation is a challenge in some years. 

With that the dynamics and the growth rate can be estimated from results of biochemical 

and histological analysis. It is found, for example, that water content in juvenile organisms of 

all salmon species has been reliably decreasing in the course of feeding at sea (table 6). With 

that concentration of mineral substances has been increasing due to juvenile adaptation in the 

course of smoltification and growth of fish. As follows from table 6, the total energy or calorie 

content in juvenile fishes was increasing in 2005 from June to July. With that, the calorie 

content of Sockeye, Coho and Chinook salmons was substantially lower in July, 2007, 
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comparing to that in July, 2005. It can be concluded hence, that the biochemical parameters of 

the juvenile fish were still under the influence of freshwater period conditions of life.  

It can be demonstrated in the example of Sockeye salmon of Kurilskoye Lake (Ozernaya 

River, West Kamchatka). The total juvenile escapement from the lake in 2005 (on the data by 

V. Dubinin) was 6.8 million fishes (table 7), and in 2007 – 13.9 million fishes. In the other 

words, juvenile Sockeye salmon generation of 2007 lived in the lake in the term of abundant 

juvenile population. The average weight of smolts in the main age group 2+ in 2005 and 2007 

was 9.6 and 5.6 g respectively. However, after emergence from the river the Sockeye salmon 

generation 2007 demonstrated accelerated growth, illustrated by increased concentration of 

protein and decreased content of fats in the bodies of marine juvenile fish (see table 6). That 

resulted directly in decrease of total energy content of fish in June and July 2007, comparing to 

that in 2005.  

Ovarian gametogenesis in female Sockeye salmon went in accordance with the changes 

in chemical composition development. In summer 2007 the gonads of Sockeye salmon 2+ had 

oocites at three stages of previtellogenesis with dominance of the third stage (fig. 9). In 2005 

some females demonstrated oocites of a transit state to the 4–th stage. Hence, marine juvenile 

Sockeye salmon in 2005 was significantly forward in maturation rate, comparing juvenile 

Sockeye in 2007. All appearances, environmental conditions in Kurilskoye Lake and in coastal 

waters in 2006 were similar to conditions in 2007, and in the ratio between stages of 

gametogenesis the years seem to be similar also. It should be noted, that the abundance and the 

average weight of the Kurilskoye Lake Sockeye salmon smolts in 2006 were similar to that in 

2007: 10.1 million individuals and 5.7 g. All facts above can indicate that metabolic processes 

in juvenile salmons in the coastal waters should provide somatic growth first, sometimes even 

at the expense of total energy accumulation or maturation.  

The histological research also has indicated that juvenile male gonads in all salmon 

species have been developing poorly in early marine period and not demonstrating any 

tendencies to further intense development (fig. 10). The process of development starts just 

shortly before spawning migration.  

Estimation of Juvenile Pacific Salmon Total Abundance. As follows from table 8, 

maximal juvenile abundance of all salmon species for the period of the research in the waters 
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of West Kamchatka was observed in July, 2010. The abundance exceeded 85 million fishes, 

where approximately 63 million fishes (73.3%) were juvenile Sockeye salmon. Summary 

juvenile salmon abundance in the other years was substantially lower and did not exceed 26 

million fishes.  

For the entire period of the research in 2004–2010 the total catch in coastal waters of 

West Kamchatka was about 160 million juvenile salmons, where contribution of Sockeye 

salmon was 62.9%, Chinook salmon – 20.4%, Coho salmon – 12.9%, Chum salmon – 2.6%, 

Pink and Masu salmons – by 0.6% respectively (see table 8). The summary square of surveyed 

area on West Kamchatka was 47.727 thousand km2, with that the total abundance of juvenile 

fish on West Kamchatka varied from 0.005 to 8.117 thousand fishes/km2, and was over 3 

thousand fishes (3.350) per 1 km2 averaged. The maximal abundance of juvenile salmons was 

observed in coastal waters of West Kamchatka in the last half of July in 2005, 2006 and 2010 

(5.606, 3.304 and 8.117 thousand fishes/km2 averaged).  

Food Composition and Feeding Interactions between Juvenile Pacific Salmon and 

other Fishes. One of purposes, set in our research in 2004–2010, was to make an assessment of 

food composition and to figure out feeding interactions between juvenile salmons and other 

fish species. Maximum similarity of food composition in the waters of West Kamchatka was 

demonstrated by species of predator type feeding: Coho, Chinook and Masu salmons and 

sandfish (fig. 11). As a rule, the predators typically demonstrated maximum intensity of food 

consumption. It was demonstrated nevertheless, that an important role in feeding of majority of 

studied species in summer within mentioned area was always played by nekton, including 

juvenile and larval walleye pollock, Pacific capelin, sand lance and Pacific herring in view of 

their mass abundance and availability during their emergence and feeding. Fish component 

dominated in the diet of such species as Pink and Chum salmons in this area, normally 

demonstrating almost absolute preference to zooplankton during their later period at sea.  

Hydrological Conditions, Primary Production and Forage Base. Studying the 

environmental conditions of juvenile salmons in coastal waters of West Kamchatka has 

revealed positive correlation between catches of juvenile fish and surface water temperature 

(fig. 12). Moreover, a direct correlation between juvenile salmon density in coastal area and 
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location of big river outlets, providing mass emergence of juvenile salmons, was demonstrated 

in this area (Koval, 2008; Kolomeytsev, 2009).  

Analysis of water temperature salinity and concentration of dissolved biogenes in 

subsurface waters of West Kamchatka has demonstrated nitrogen as a major element of 

plankton microalgae development limitation in the course of summer vegetation (Kolomeytsev 

et al., 2008). According to E.V. Lepskaya et al. (2009), spring and summer waters of the 

Okhotsk Sea adjacent West Kamchatka can bear potentially toxic species of dinophyte algae 

Alexandrium tamarense complex, and occurrence of this species demonstrates a tight relation 

to the most warmed sites. Assessment of algae biomass and abundance was made for certain 

classes, where plankton diatoms were found dominating in abundance and biomass (Lepskaya 

et al., 2008; 2009).  

Basis of zooplankton composition and abundance in spring and summer in the Okhotsk 

Sea waters of Kamchatka was generally formed by euphausiid eggs (in May) and copepods (in 

June and July). Copepod nauplii dominated in May, adult copepods – in July. Minimal biomass 

of zooplankton was observed in May (table 9). In June and July the biomass was substantially 

increased. Maximal biomass of zooplankton in the Okhotsk Sea waters was found at sites of 

high salinity of water and high density of diatoms (Maximenkov et al., 2008).  

East Kamchatka 

 Jellyfishes, squids and 27 fish species were identified in the trawl catches in the waters 

of East Kamchatka. The most frequent fishes in the catches were Pacific herring, juvenile and 

immature Pacific salmon, walleye pollock underyearlings (see table 2). Pacific herring 

dominated in the catches in number, contributing >90% to the total number of fish and biomass 

in the catches (fig. 13). Maximal catches of all fish species were obtained in the northern part 

of Kamchatsky Gulf in vicinity of Kamchatka River outlet (fig. 14). That was due to a high 

number of herring from Nerpichye Lake anadromous stock, producing dense aggregations near 

the outlet in August (Trofimov et al., 2009). 

Distribution and Migrations of Juvenile Pacific Salmon. The juvenile salmons caught 

in the waters of East Kamchatka were represented by Chinook, Sockeye, Pink, Chum and Coho 

salmons. Summary catches of juvenile salmon in early August, 2007, and late August, 2010, 

were 616 and 2587 fishes respectively (table 10). Basic juvenile aggregations were generally 
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observed at stations in the north part of Kamchatsky Gulf. Observations in the central part 

revealed juvenile salmons only at particular stations, whereas catches in the south part were 

higher (fig. 15). Catches of juvenile salmons in Kronotsky Gulf were poor in 2010. It is most 

likely that the main river to produce all juvenile salmons observed in north part of Kamchatsky 

Gulf should be Kamchatka River, although identification of salmon origin in small 

aggregations in the south part of Kamchatsky Gulf and in Kronotsky Gulf stays problematic for 

today. Certain identification can be made on the base of results of morphological and genetic 

researches, which should be obtained later.  

It was found that juvenile salmons emerged from Kamchatka River can stay in coastal 

shallow water southward from the river outlet in their early marine period. Juvenile Pink, 

Chinook and Coho salmons were observed in early August in 2007 in the catches from stations, 

situated southward from Kamchatka River outlet and maximum close to the shore of 

Kamchatsky Gulf at the depth 25–35 m. As it can be seen from figure 15, the widest part of 

shelf, where the isobath of 100 m is maximally far from the shore, is situated in this area 

exactly. 

In the last half of August in 2010 character of Pink, Chum and Sockeye salmons 

distribution in the north part of Kamchatsky Gulf indicated of beginning of juvenile emigration 

from coastal waters to a high sea along the continental slope from Kamchatka Peninsula (fig 

16). However, juvenile Chinook and Coho salmons were dominating in coastal catches 

(southward from Kamchatka River outlet) in 2010 as before. If we take into account that mass 

down stream migration of juvenile Pink and Chum salmon in estuary of Kamchatka River 

occurs in June (Bugaev et al., 2007), it is most likely that after the migration the juvenile fish 

can stay (until early or mid August) in coastal waters not far from Kamchatka River outlet. 

Only in the last half of August juvenile Pink and Chum salmons leave for open waters of 

Kamchatsky Gulf. 

Results of 2010 provided preliminary estimation of the average rate of juvenile salmon 

migration in Kamchatsky Gulf. The rate should be about 12 km a day, what is almost two times 

as less than migration rate in waters of West Kamchatka. By all means, the less rate might be 

result of overcoming counter streams, which can appear in Kamchatsky Gulf at the expense of 
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meandering west branch of Kamchatka Current and create obstacles for juvenile salmons at the 

beginning of their migration (fig. 16). 

Biological Characteristic of Juvenile Pacific Salmon. In the waters of East Kamchatka 

in general we observed an increase of length and weight of juvenile fish in the direction from 

the shore to the open sea and from the North to the South (fig. 17). Thus, the general direction 

of the juvenile migration at sea coincided with the main flow of Kamchatka Current.  

As we said above, the stay of juvenile salmons in coastal waters is due to the need to 

gain certain size and physiological conditions, necessary to undertake a long migration to the 

ocean (Karpenko, 1998). The stay is typical in the coastal sites with a narrow shallow water 

area, like the shore of Kamchatsky Gulf, where the shelf zone is extremely narrow. On data by 

V.I. Karpenko (1998) a long stay of juvenile Pink salmon in coastal waters is normal in 

Avachinskaya Bay, having the mouth in vicinity of a sharp slope in Avachinsky Gulf. V.I. 

Karpenko noted also, that juvenile Pink salmon can stay in Avachinskaya Bay during two 

months, until it gains the body length of 7–10 cm (Karpenko, 1998). 

As follows from table 11 and figure 18, averaged body length of juvenile Pink, Chum 

and Sockeye salmons in the catches from the north part of Kamchatsky Gulf in August of 2010 

was 13–14 cm. With that the fishes less then 10 cm were sporadic in the catches, mainly at 

stations near shore. Averaged length of Chinook and Coho salmons was higher – 15–16 cm. 

Thus, it can be said that body length of juvenile salmon, began emigration, normally exceeded 

10 cm.  

In view of a large time span of down stream migration (from June to August) and 

different sizes of entering coastal waters juvenile Sockeye, Chinook and Coho salmons 

(including big individuals from elder age groups) the emigration from the shore takes place not 

on a tight schedule (differently to Pink or Chum salmons), but as soon as the fish grow and get 

ready to emigrate. In early August in 2007 large juvenile Sockeye and Coho salmons (average 

length was 13.7 and 19.3 cm respectively) were met in the catches at stations, situated in the 

open part of Kamchatsky Gulf. It can indicate that a part of juvenile representation of these 

species already started to emigrate seaward. By all means, juvenile Chinook salmons began 

emigrate from coastal waters last, as they were met in the last half of August in most cases in 

costal waters of Kamchatsky Gulf. 
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Estimation of Total Abundance of Juvenile Pacific Salmon. As principle catches of 

juvenile salmons in August of 2007 and 2010 were in the north part of Kamchatsky Gulf, we 

provided estimation of total abundance only for this area. Moreover, as the trawl operations in 

2007 and 2010 were provided by different models of trawl – 33.6/56 m and 33.6/72 m 

respectively, – we used the coefficient 1.67 for the model 33.6/56 m to provide data 

comparison (table 12). 

As follows from table 12, there were 3.7 million individuals of juvenile salmons found 

in total in early August in 2007 in the north part of Kamchatsky Gulf, and contribution of Coho 

salmon to the number was 66.6%. Abundance of juvenile salmons, estimated from the catches 

in this area in late August in 2010, was 9 million individuals (almost as 3 times as higher), and 

contribution of juvenile Coho salmon was as high (the highest 42.1%), as before, although total 

contribution of Sockeye (19.9%), Chum (18.0%) and Pink (15.1%) salmons was high also.  

Thus, there were about 13 million individuals of juvenile salmons caught in total for the 

entire period of the research in the north part of Kamchatsky Gulf. Total juvenile abundance in 

this area on East Kamchatka in 2007 and 2010 varied from 1.128 to 2.788 thousand 

individuals/km2, being 2 thousand individuals/km2 averaged approximately.  

Food Composition and Feeding Interactions between Juvenile Pacific Salmon and 

others Fishes. It was found that a basic part in the food of all fish species in Kamchatsky Gulf 

(including typical predators Chinook and Coho salmons) can consist of zooplankters. Such 

food composition was observed in 2010. Minimum similarity of food in 2010 was 

demonstrated by plankton–eaters, including Pink and Sockeye salmons, Pacific herring and to a 

lesser extent by Chum salmon (fig. 19). Similar results were demonstrated by Chinook salmon, 

because its’ diet in 2010 included a high percent of plankton crustaceans.  

All this can indicate of less stable conditions of feeding in waters of East Kamchatka 

comparatively conditions in the Okhotsk Sea. It should be noted especially that despite local 

specifics of forage base, particular species of juvenile salmon in early marine period can 

demonstrate clearly selective character of feeding in preferences to certain objects. Juvenile 

Coho salmon is one of such species, because his diet, wherever juvenile Coho salmon was 

caught, always includes juvenile walleye Pollock. 
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High similarity of food between Pacific herring and Pacific salmon species like juvenile 

Pink, Chum and Sockeye salmons, also can determine mass juvenile emigration from coastal to 

open waters of Kamchatsky Gulf in last half of August. This time Pacific herring has been 

entering coastal waters of the north–west part of the gulf. By all means, juvenile salmon 

emigration from this area helps to prevent an increase of interspecies competition for food, 

usual in the places of joint presence of salmons and herring.  

Hydrological Conditions, Primary Production and Forage Base. As it was shown in 

figure 12, maximal catches of juvenile salmons in waters of West Kamchatka were observed in 

July, 2010, under the temperature 10–13°С. The temperature range seems to be optimal for 

juvenile salmon feeding in coastal waters of Kamchatka. 

During surveys in 2010 in the north part of Kamchatsky Gulf the surface water 

temperature varied from 6.3 to 13.9°С, being 11.3°С averaged in the optimal range, suggested 

for juvenile salmons from Kamchatkan populations. Moreover, it was found that water 

temperature in late summer normally goes decreasing in the coastal waters of Kamchatka 

(including Kamchatsky Gulf), because temperature of river waters in this time is lower than 

temperature of subsurface sea waters, warmed in summer. Hence, the mass juvenile Pacific 

salmon emigration from the coastal waters to open sea of Kamchatsky Gulf in the last half of 

August in 2010 could be determined by water temperature decrease in coastal area at the 

background of water temperature increase in the open sea to the upper level of the optimal 

range of juvenile habitat. 

Analysis of phytoplankton data, collected during trawl survey in August, 2007, has 

demonstrated microalgae distribution in Kamchatsky Gulf generally determined by currents. 

According to E.V. Lepskaya et al. (2011), the maximum aggregations of autotrophic 

microalgae in this area were observed in the pre–estuarine zone of Kamchatka River, what 

most likely was determined by wind transfer of sea waters in the shore direction. In more 

warmed and less saline coastal waters of the south part of the gulf aggregating the autotrophic 

microalgae depended on temperature and salinity conditions of environment (Lepskaya et al., 

2011). 
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Perspectives of using data of the trawl surveys in estimation of juvenile stock 

abundance of Pacific salmon populations of Kamchatka 

As one of principle purposes of salmon research, providing in coastal waters, is 

estimation of juvenile salmon stock abundance, we tried to make a comparison between results 

of the trawl surveys and results, obtained by the other methods. For today the comparison can 

be made only for West Kamchatka and only for Sockeye salmon. As Sockeye salmon of the 

Ozernaya River makes up a basis in the coastal waters of West Kamchatka, we succeeded to 

compare results of trawl surveys and results of Kurilskoye Lake (Ozernaya River) juvenile 

Sockeye salmon escapement estimation. 

Analysis of the long term data on the juvenile Sockeye salmon escapement dynamics has 

demonstrated maximal escapement of juvenile Sockeye salmon from the lake in late June (fig. 

20–A). As follows from figures 20–B,C, there is correlation between the juvenile Sockeye 

salmon escapement from Kurilskoye Lake and the juvenile Sockeye salmon catches in trawl 

surveys in July. With that, it should be taken into account that the correlation is provided by the 

most distant point for now, and requires further confirmation.  

It was found with that, that an optimal time to make a survey for estimation of the 

Ozernaya River Sockeye salmon stock abundance at sea is the last half of July. In the time 

mentioned juvenile Sockeye salmon has been already distributed in the coastal waters of West 

Kamchatka on emerging from the Ozernaya River. 

 

CONCLUSIONS 

A high quality of two new models of trawl – 33.6/56 m and 33.6/72 m – for survey 

trawling juvenile salmons in coastal waters was confirmed as a result of making complex 

research by workers from KamchatNIRO aboard the R/V MRTK–316 in the waters of West 

and East Kamchatka in May–August in 2004–2007 and 2010. With that the results obtained 

allowed to formulate basic purposes of future work: 

– In view of specifics of juvenile salmon migration in waters of West Kamchatka the 

area of the research should be enlarged to the North up to Gulf of Shelikhova, where mass 

juvenile feeding of Pink and Chum salmons of West Kamchatkan populations possibly can take 



 15

place. Moreover, the boundary of the research area should be enlarged out of 12–mile zone, as 

external stations often demonstrate maximal catches of juvenile fish. 

– To verify dynamics of juvenile salmon emigration from Kamchatka River estuary, to 

have figured out juvenile distribution in coastal waters and understood timings of the 

emigration to Kamchatsky Gulf we are planning series of surveys in this area. Results of these 

series would allow to estimate optimal time for future trawl surveys. 

– To estimate juvenile abundance and to study features of juvenile feeding in shallow 

water area (at the depth <8 m) we are planning to use new small–sized fishing gears, including 

fingerling beam trawl, purse seine and so on.  

– Further annual studies of feeding, feeding interactions, biochemical parameters and 

dynamics of gonad maturation in particular species are necessary to figure out interspecies 

interactions, features of growth and maturation of juvenile salmons in particular years.  

– To fulfill prognostic purposes on the base of the trawl surveying juvenile salmons we 

first of all need to agree how estimate age composition for species, having a long freshwater 

period, including Sockeye, Coho and Chinook salmons. 
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Fig. 1. Location of trawl operations conducted by researchers onboard the R/V MRTK–316 in 
coastal waters of West (R1) and East (R2) Kamchatka, May–August 2004–2007, and 2010. 

 

 
Table 1. Number of trawl operations conducted by researchers onboard the R/V MRTK–316 
in coastal waters of West and East Kamchatka, May–August 2004–2007, and 2010. 

 

Year Date 
Trawl 
model 

Vertical 
opening of 
trawl, m 

Horizontal 
opening of 
trawl, m 

Speed of 
trawling, knt. 

Number of 
trawl 

operations  
West Kamchatka 

26.06– 02.07 33.6/72 m 10–12 30–35 2.2–4.5 25 
2004 

24.07–27.07 33.6/72 m 10–12 30–35 3.1–4.4 28 

22.05– 29.05 33.6/56 m 6–8 28–35 2.8–4.8 40 

21.06– 01.07 33.6/56 m 6–8 28–35 3.2–4.2 38 2005 

20.07– 01.08 33.6/56 m 6–8 28–35 3.0–4.5 36 

29.06–04.07 33.6/56 m 6–8 28–35 2.8–4.5 40 
2006 

27.07– 03.08 33.6/56 m 6–8 28–35 3.2–4.2 53 

2007 23.06– 02.07 33.6/56 m 6–8 28–35 2.6–4.8 64 

2010 21.07–28.07 33.6/56 m 6–8 28–35 2.9–4.7 62 

East Kamchatka 

2007 01.08–11.08 33.6/56 m 6–8 28–35 3.1–4.2 49 

2010 19.08–31.08 33.6/72 m 10–12 30–35 2.7–4.9 57 



 

Table 2. Composition of nekton in coastal waters of West and East Kamchatka, May–August 
2004–2007, and 2010. 

West Kamchatka
2004 2005 

26.06– 02.07 24.07–27.07 22.05– 29.05 21.06– 01.07
Nekton composition 

ind. kg ind. kg ind. kg ind. kg
Invertebrates

Medusae gen. sp. (adult) – – – 255.000 – 6286.000 – 5648.000
Fishes

Agonidae gen. sp. (adult) – – – – – – – –
Ammodytes hexapterus (adult) – 159.400 – 2.400 1643 38.650 201573 2026.050
Ammodytes hexapterus (juv.) – – – – – – – –
Aptocyclus ventricosus (adult) – – – – – – – –
Blepsias bilobus (adult) – – – – – – – –
Clupea pallasii pallasii (adult) 21 2.000 2 – 1 0.300 5 –
Clupea pallasii pallasii (juv.) – – – – – – – –
Cottidae gen. sp. (adult) – – – – – – – –
Cottidae gen. sp. (juv.) – – – – – – – –
Eleginus gracilis (adult) 82 419.500 – – – – – –
Eumicrotremus orbis orbis (adult) – – – – – – – –
Gadus macrocephalus (adult) 1 – – – – – – –
Gasterosteus aculeatus (adult) – – – – – – – –
Hemilepidotus papilio (juv.) – – – – – – – –
Hexagrammidae gen. sp. (juv.) – – – – – – – –
Hippoglossus sp. (juv.) – – – – – – – –
Hypomesus japonicus (adult) – – – – – – – –
Hypomesus japonicus (juv.) – – – – – – – –
Lamna ditropis (adult) – – – – – – – –
Lampetra japonica (adult) – – – – – – – –
Lampetra japonica (juv.) – – – – – – – –
Limanda aspera (adult) – – – – – – – –
Mallotus villosus (adult) 1 51.200 5651 42.980 276 6.357 35932 753.600
Mallotus villosus (juv.) – – – – – – 5550 11.100
Myzopsetta proboscidea (adult) – – – – – – – –
Nautichthys pribilovius (juv.) – – – – – – – –
Occella dodecaedron (adult) – – – – – – – –
Oncorhynchus gorbuscha (adult) – – 101 157.930 – – 10 2.100
Oncorhynchus gorbuscha (juv.) – – – – – – 5 0.034
Oncorhynchus keta (adult) 1 3.600 – – – – – –
Oncorhynchus keta (imm.) – – 3 1.820 – – – –
Oncorhynchus keta (juv.) 5 – – – – – 8 0.065
Oncorhynchus kisutch (adult) – – – – – – – –
Oncorhynchus kisutch (juv.) 29 – 2 0.066 – – 950 19.011
Oncorhynchus masu (juv.) – – – – – – 22 0.701
Oncorhynchus nerka (adult) – – 1 3.300 – – – –
Oncorhynchus nerka (imm.) – – 1 1.700 – – – –
Oncorhynchus nerka (juv.) 17 – 2 0.019 – – 249 2.984
Oncorhynchus tschawytscha (adult) – – – – – – 1 1.100
Oncorhynchus tschawytscha (imm.) – – – – – – – –
Oncorhynchus tschawytscha (juv.) 72 – – – – – 807 11.022
Osmeridae gen. sp. (adult) – – – – – – – –
Osmeridae gen. sp. (juv.) – – – – – – – –
Osmerus mordax dentex (adult) 72 9.500 – – – – – –
Platichthys stellatus (adult) – – – – – – – –
Pleurogrammus monopterygius (adult) – – 1 0.160 – – – –
Pleurogrammus monopterygius (juv.) – – – – – – – –
Pleuronectidae gen. sp. (adult) 93 111.500 227 35.710 580 107.210 72 –
Pleuronectidae gen. sp. (juv.) – – – – – – – –
Pungitius pungitius (adult) – – – – – – – –
Salmo mykiss (juv.) 1 – – – – – – –
Salvelinus leucomaenis (adult) – – – – – – – –
Salvelinus leucomaenis (imm.) – – – – – – – –
Salvelinus leucomaenis (juv.) – – – – 44 1.300 3 0.071
Salvelinus sp. (adult) – – – – 1 0.110 – –
Salvelinus sp. (juv.) – – – – 4 0.100 50 1.530
Sebastes alutus (adult) – – – – – – – –
Stichaeidae gen. sp. (adult) – – – – 1 – – –
Theragra chalcogramma (adult) 1 1.200 78 44.270 32 34.450 5 35.000
Theragra chalcogramma (juv.) – – 63 2.000 – – 400 8.400
Trichodon trichodon (adult) 963 127.500 2640 187.190 1789 113.770 5205 256.600

Sum: 1359 885.400 8772 734.545 4371 6588.247 250847 8777.368 
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Table 2. (Continued)
West Kamchatka

2005 2006 2007
20.07– 01.08 29.06–04.07 27.07– 03.08 23.06– 02.07

Nekton composition 

ind. kg ind. kg ind. kg ind. kg
Invertebrates

Medusae gen. sp. (adult) – – – 801.000 – 579.000 – 694.920
Fishes

Agonidae gen. sp. (adult) – – – – – – – –
Ammodytes hexapterus (adult) 3111 118.050 4978 69.865 552 10.310 18293 189.562
Ammodytes hexapterus (juv.) – – – – – – 615 2.000
Aptocyclus ventricosus (adult) – – – – – – – –
Blepsias bilobus (adult) – – – – – – 2 0.310
Clupea pallasii pallasii (adult) 35 4.390 – – 3 0.264 – –
Clupea pallasii pallasii (juv.) – – – – – – – –
Cottidae gen. sp. (adult) – – 5 3.200 – – 5 4.400
Cottidae gen. sp. (juv.) – – – – – – – –
Eleginus gracilis (adult) – – 1 0.810 – – 723 315.600
Eumicrotremus orbis orbis (adult) – – – – – – 29 0.208
Gadus macrocephalus (adult) – – – – – – – –
Gasterosteus aculeatus (adult) – – – – – – 1 0.005
Hemilepidotus papilio (juv.) – – – – – – – –
Hexagrammidae gen. sp. (juv.) – – – – – – – –
Hippoglossus sp. (juv.) – – – – – – – –
Hypomesus japonicus (adult) – – – – – – 114 1.640
Hypomesus japonicus (juv.) – – – – – – 703 2.140
Lamna ditropis (adult) – – – – – – – –
Lampetra japonica (adult) – – – – – – – –
Lampetra japonica (juv.) – – – – – – – –
Limanda aspera (adult) – – – – – – 311 50.500
Mallotus villosus (adult) – – 44 0.812 14 0.125 2575 53.395
Mallotus villosus (juv.) – – – – – – – –
Myzopsetta proboscidea (adult) – – – – – – – –
Nautichthys pribilovius (juv.) – – – – – – – –
Occella dodecaedron (adult) – – – – – – – –
Oncorhynchus gorbuscha (adult) 14 17.380 – – 263 433.640 6 8.050
Oncorhynchus gorbuscha (juv.) 59 0.162 – – 8 0.179 – –
Oncorhynchus keta (adult) – – 2 6.200 4 14.300 1 3.800
Oncorhynchus keta (imm.) – – – – 1 1.650 – –
Oncorhynchus keta (juv.) 19 0.174 4 0.059 54 0.798 81 0.533
Oncorhynchus kisutch (adult) – – – – – – – –
Oncorhynchus kisutch (juv.) 778 26.432 108 2.254 122 7.513 317 9.254
Oncorhynchus masu (juv.) 32 1.152 2 0.051 10 0.263 4 0.121
Oncorhynchus nerka (adult) 1 2.000 – – – – – –
Oncorhynchus nerka (imm.) – – – – – – – –
Oncorhynchus nerka (juv.) 831 12.020 671 6.599 1295 29.643 956 8.887
Oncorhynchus tschawytscha (adult) – – – – – – – –
Oncorhynchus tschawytscha (imm.) – – – – – – – –
Oncorhynchus tschawytscha (juv.) 1271 36.849 25 0.391 710 20.786 250 3.439
Osmeridae gen. sp. (adult) 5 0.700 – – – – – –
Osmeridae gen. sp. (juv.) – – – – – – 12 0.055
Osmerus mordax dentex (adult) – – – – 92 13.700 1 0.170
Platichthys stellatus (adult) – – – – – – 138 59.645
Pleurogrammus monopterygius (adult) – – – – – – – –
Pleurogrammus monopterygius (juv.) – – – – – – – –
Pleuronectidae gen. sp. (adult) 11 2.500 48 20.530 4 1.260 – –
Pleuronectidae gen. sp. (juv.) – – – – – – – –
Pungitius pungitius (adult) – – – – – – – –
Salmo mykiss (juv.) – – – – – – – –
Salvelinus leucomaenis (adult) – – – – – – – –
Salvelinus leucomaenis (imm.) – – – – – – – –
Salvelinus leucomaenis (juv.) – – – – – – – –
Salvelinus sp. (adult) 6 1.315 – – 3 0.820 – –
Salvelinus sp. (juv.) – – – – – – 14 0.554
Sebastes alutus (adult) – – – – – – 1 0.175
Sebastes sp. (adult) – – 2 – – – – –
Stichaeidae gen. sp. (adult) – – 1 2.440 – – – –
Theragra chalcogramma (adult) – 400.000 1 0.125 3 1.800 4 4.450
Theragra chalcogramma (juv.) – – 8 0.156 4 0.233 12 0.290
Trichodon trichodon (adult) 1692 319.550 254 21.023 651 54.225 2280 84.595

Sum: 7865 942.674 6154 935.515 3793 1170.509 27448 1518.698 



 

Table 2. (Continued)
West Kamchatka East Kamchatka 

2010 2007 2010
21.07–28.07 01.08–11.08 19.08–31.08

Nekton composition 

ind. kg ind. kg ind. kg
Invertebrates

Medusae gen. sp. (adult) – 8592.315 – 49.000 – 197.920
Gonatidae gen. sp. (adult) 1 0.014 – – 81 10.084
Gonatidae gen. sp. (juv.) – – 131 0.494 1852 10.222

Fishes
Agonidae gen. sp. (adult) 1 0.042 – – – –
Ammodytes hexapterus (adult) 7680 65.324 – – 6 0.112
Ammodytes hexapterus (juv.) – – 165 0.165 3 0.008
Aptocyclus ventricosus (adult) – – – – 1 0.440
Blepsias bilobus (adult) 1 0.068 – – 2 0.060
Clupea pallasii pallasii (adult) – – 5556 1558.250 526402 12253.208
Clupea pallasii pallasii (juv.) 3 0.118 – – – –
Cottidae gen. sp. (adult) 2 0.565 – – – –
Cottidae gen. sp. (juv.) – – 2 0.002 – –
Eleginus gracilis (adult) – – – – – –
Eumicrotremus orbis orbis (adult) – – 17 0.133 13 0.234
Gadus macrocephalus (adult) – – – – – –
Gasterosteus aculeatus (adult) 5 0.028 8 0.034 – –
Hemilepidotus papilio (juv.) – – 9 0.011 – –
Hexagrammidae gen. sp. (juv.) – – 2 0.014 – –
Hippoglossus sp. (juv.) – – – – 2 0.007
Hypomesus japonicus (adult) – – – – – –
Hypomesus japonicus (juv.) – – 5 0.015 – –
Lamna ditropis (adult) – – – – 1 150.000
Lampetra japonica (adult) – – – – 281 8.300
Lampetra japonica (juv.) – – 38 0.505 – –
Limanda aspera (adult) 73 14.125 – – – –
Mallotus villosus (adult) 1240 6.224 – – – –
Mallotus villosus (juv.) – – – – 2646 3.058
Myzopsetta proboscidea (adult) 1 0.134 – – – –
Nautichthys pribilovius (juv.) 1 0.003 – – – –
Occella dodecaedron (adult) 1 0.016 – – – –
Oncorhynchus gorbuscha (adult) 139 217.640 – – – –
Oncorhynchus gorbuscha (juv.) 2 0.004 6 0.023 479 13.258
Oncorhynchus keta (adult) 2 5.450 3 8.600 1 2.750
Oncorhynchus keta (imm.) – – 29 17.030 68 65.885
Oncorhynchus keta (juv.) 213 0.692 1 0.013 464 10.168
Oncorhynchus kisutch (adult) – – 3 5.600 6 16.180
Oncorhynchus kisutch (juv.) 434 18.985 228 16.310 160 16.188
Oncorhynchus masu (juv.) 32 1.091 – – – –
Oncorhynchus nerka (adult) 1 3.050 – – 1 2.150
Oncorhynchus nerka (imm.) – – – – 14 8.385
Oncorhynchus nerka (juv.) 4086 112.510 56 1.246 525 11.144
Oncorhynchus tschawytscha (adult) – – – – – –
Oncorhynchus tschawytscha (imm.) – – 2 3.770 1 1.550
Oncorhynchus tschawytscha (juv.) 817 24.571 336 8.884 959 43.045
Osmerus mordax dentex (adult) – – – – 115 6.512
Platichthys stellatus (adult) 1 1.100 2 0.650 – –
Pleurogrammus monopterygius (adult) – – 2 0.415 12 2.382
Pleurogrammus monopterygius (juv.) – – – – 16 0.582
Pleuronectidae gen. sp. (adult) – – – – – –
Pleuronectidae gen. sp. (juv.) – – – – 1 0.002
Pungitius pungitius (adult) 1 0.003 – – – –
Salmo mykiss (juv.) – – – – – –
Salvelinus leucomaenis (adult) 1 2.650 – – 1 0.275
Salvelinus leucomaenis (imm.) – – – – – –
Salvelinus leucomaenis (juv.) 2 0.205 – – – –
Salvelinus sp. (adult) 2 0.787 – – – –
Salvelinus sp. (juv.) – – 23 2.189 – –
Sebastes alutus (adult) – – – – – –
Stichaeidae gen. sp. (adult) – – – – – –
Theragra chalcogramma (adult) 11 7.450 – – 61 18.500
Theragra chalcogramma (juv.) 2612 51.896 808 0.808 1864 3.007
Trichodon trichodon (adult) 1277 49.258 26 1.105 1446 48.030

Sum: 18642 9176.318 7458 1675.266 537484 12903.646 
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Table 3. Total catch (ind.) and ratio (%) of mass fish species in coastal waters of West 
Kamchatka, May–August 2004–2007, and 2010. 

 

Fish species 
Year Month 

Catch 
Juvenile 
Salmon 

Capelin Sandfish 
Sand 
lance 

Walleye 
pollock 

Floun–
ders 

Other 
fishes 

Sum 

ind. 123 1 963 0 1 93 178 1359 26.06– 
02.07 % 9.1 0.1 70.9 0 0.1 6.8 13.1 100.0 

ind. 4 5651 2640 0 141 227 109 8772 
2004 

24.07–
27.07 % + 64.4 30.1 0 1.6 2.6 1.2 100.0 

ind. 0 276 1789 1643 32 580 51 4371 22.05– 
29.05 % 0 6.3 40.9 37.6 0.7 13.3 1.2 100.0 

ind. 2041 41482 5205 201573 405 72 69 250847 21.06– 
01.07 % 0.8 16.5 2.1 80.4 0.2 + + 99.9 

ind. 2990 0 1692 3111 0 11 61 7865 

2005 

20.07– 
01.08 % 38.0 0 21.5 39.6 0 0.1 0.8 100.0 

ind. 810 44 254 4978 9 48 11 6154 29.06–
04.07 % 13.2 0.7 4.1 80.9 0.1 0.8 0.2 100.0 

ind. 2199 14 651 552 7 4 366 3793 
2006 

27.07– 
03.08 % 58.0 0.4 17.2 14.6 0.2 0.1 9.6 100.0 

ind. 1608 2575 2280 18908 16 449 1612 27448 
2007 

23.06– 
02.07 % 5.9 9.4 8.3 68.9 0.1 1.6 5.9 100.0 

ind. 5584 1240 1277 7679 2623 75 163 18642 
2010 

21.07–
28.07 % 30.0 6.7 6.9 41.2 14.1 0.4 0.9 100.0 

Note: + – less then 0.1 

 
 
 

Table 4. Total catch (ind.) and juvenile Pacific salmon contribution (%) in coastal waters of 
West Kamchatka, May–August 2004–2007, and 2010. 

 

Dates Catch Pink Chum Sockeye Chinook Coho Masu Sum 
ind. 0 3 9 36 15 0 63 26.06.– 

02.07.2004 % 0 4.8 14.3 57.1 23.8 0 100 
ind. 0 0 1 0 1 0 2 24.07.–

27.07.2004 % 0 0 50.0 0 50.0 0 100 
ind. 0 0 0 0 0 0 0 22.05.– 

29.05.2005 % 0 0 0 0 0 0 0 
ind. 5 8 234 567 762 20 1596 21.06.– 

01.07.2005 % 0.3 0.5 14.7 35.5 47.7 1.3 100 
ind. 59 19 831 1271 778 32 2990 20.07.– 

01.08.2005 % 2.0 0.6 27.8 42.5 26.0 1.1 100 
ind. 0 4 671 25 108 2 810 29.06.– 

04.07.2006 % 0 0.5 82.8 3.1 13.3 0.2 100 
ind. 8 54 1295 710 122 10 2199 27.07.– 

03.08.2006 % 0.4 2.5 58.9 32.3 5.5 0.5 100 
ind. 0 68 852 227 314 4 1465 23.06.– 

02.07.2007 % 0 4.6 58.2 15.5 21.4 0.3 100 
ind. 2 213 4086 817 434 32 5584 21.07–

28.07.2010 % + 3.8 73.2 14.6 7.8 0.6 100 
Сумма ind. 74 369 7979 3653 2534 100 14709 
Note: + – less then 0.1 
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Fig. 2. Distribution of total biomass of fishes (kg/15 minutes of trawling) in coastal waters of 
West Kamchatka, June–July 2005–2007, and 2010. 
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Fig. 3. Distribution of total catches (ind./15 min. of trawling) of juvenile Pacific salmon in coastal 
waters of West Kamchatka, June–July, 2004–2007. 

 



 

Fig. 4. Distribution of total catches (ind./15 min. of trawling) of juvenile Pacific salmon in coastal 
waters of West Kamchatka, July 2010. 
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Fig. 5. Dynamics of average weight (g) of juvenile Pink and Chum salmon and speed of surface 
water current (cm/sec) in coastal waters of West Kamchatka, June–July 2004–2007, and 2010. 

 
 

Fig. 6. Distribution of total catches (ind./15 min. of trawling) of juvenile Pacific salmon and 
direction of surface water current around Bolyshaya River outlet (West Kamchatka) for trawl 
survey (27–28.06.2007) and daily station (01–02.07.2007). 



 

Table 5. Body length (cm) and weight (g) of juvenile Pacific salmon in coastal waters of 
West Kamchatka, May–August 2004–2007, and 2010.

Body length AC (cm) Body weight (g) 
Year Month 

Min Max Average
St. 

deviation
Min Max Average

St. 
deviation 

Number 
of fishes

Pink
June 8.4 11.5 9.2 1.3 5.9 8.0 6.7 0.8 52005 
July 5.6 10.1 6.6 0.8 1.5 7.9 2.7 1.1 59

2006 July 10.5 14.4 12.6 1.3 11.4 35.0 22.3 7.4 8
2010 July 6.2 6.5 6.3 0.2 2.0 2.4 2.2 0.3 2

Chum
2004 June 5.7 6.5 6.1 0.3 1.7 2.4 2.0 0.3 5

June 5.9 11.7 9.1 2.2 2.0 14.7 8.2 5.3 72005 
July 6.5 12.7 9.0 2.0 2.5 23.9 9.4 7.1 19
June 9.1 11.8 10.7 1.4 7.0 16.7 12.7 5.1 32006 
July 6.0 14.0 10.7 2.0 2.3 32.4 14.8 7.3 54

2007 June 6.2 11.4 8.7 0.9 2.2 15.7 6.5 2.2 79
2010 July 5.5 8.7 6.9 0.6 1.6 6.7 3.0 0.9 114

Sockeye
June 6.6 11.5 8.7 1.5 2.5 16.8 7.4 4.7 172004 
July 9.3 9.5 9.4 0.1 8.6 10.8 9.7 1.6 2
June 7.5 12.7 10.6 1.1 3.8 18.8 11.7 3.3 2012005 
July 7.0 14.9 11.0 1.3 3.5 40.0 14.4 5.4 823
June 6.3 15.1 10.0 0.9 5.1 20.0 9.6 2.7 6712006 
July 7.6 17.7 13.3 1.4 4.3 54.8 24.8 8.0 592

2007 June 6.3 19.8 9.7 0.9 2.4 29.3 9.3 2.9 955
2010 July 5.9 18.2 13.2 2.4 1.1 65.9 26.6 13.1 854

Chinook
2004 June 8.6 12.2 10.3 0.7 7.8 24.2 13.4 2.8 72

June 8.8 13.2 10.4 0.7 7.6 31.2 13.6 3.2 6722005 
July 8.5 18.4 13.3 1.4 6.2 81.7 31.8 10.0 713
June 9.1 12.9 10.7 1.1 9.3 27.1 15.0 4.4 242006 
July 10.0 22.5 13.2 1.4 9.3 170.7 29.4 12.2 609

2007 June 7.8 13.9 10.2 0.8 4.7 33.7 13.3 3.8 208
2010 July 9.3 17.0 13.1 1.3 9.3 70.3 29.9 9.0 436

Coho
June 9.6 17.2 12.4 1.9 10.9 65.2 23.8 11.9 292004 
July 11.5 17.0 14.3 3.9 19.6 55.0 37.3 25.0 2
June 8.0 17.4 12.0 1.2 4.9 64.7 20.0 6.5 8452005 
July 11.1 19.7 14.5 1.8 16.9 91.2 40.4 15.6 430
June 7.9 16.8 12.0 1.5 4.1 61.9 20.9 8.7 1082006 
July 10.4 26.8 16.0 3.2 13.8 319.0 61.6 45.0 122

2007 June 6.0 18.5 13.3 2.0 4.4 82.5 29.4 14.0 180
2010 July 10.0 30.8 14.8 2.7 12.0 168.4 43.8 26.9 346

Masu
June 12.4 15.4 14.0 0.8 23.7 44.9 32.2 5.6 152005 
July 11.2 18.9 14.0 2.1 16.1 95.2 37.2 22.3 31
June 13.2 13.3 13.3 0.1 24.6 26.0 25.3 1.0 22006 
July 12.0 15.4 13.0 1.1 17.5 45.8 26.4 8.6 10

2007 June 11.8 14.8 13.7 1.3 21.7 37.2 30.8 6.6 4
2010 July 11.5 19.0 13.8 1.6 18.0 96.2 34.1 15.1 32
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Fig. 7. Standard deviation of juvenile Pacific salmon body length (cm) in coastal waters of West 
Kamchatka, June–July 2004–2007, and 2010. 
 
 

Fig. 8. Age composition and biological parameters (body length and weight) of juvenile Sockeye 
salmon in coastal waters of West Kamchatka, June–July 2005. 

 



 

Table 6. Chemical (% of wet weight) and energy content (cal/g) indexes of juvenile Pacific salmon in 
coastal waters of West Kamchatka, June–July, 2005 and 2007. 

 

Chum Sockeye Coho Chinook 

2005 2007 2005 2007 2005 2007 2005 2007 Characteristics 

June July June July June July June July June July July June July July 

Avg. content of 
water, % 

82.64 81.18 81.83 83.03 82.36 81.48 82.87 83.09 82.62 81.61 83.91 83.17 81.76 81.95 

–| |– of lipids, % 1.21 2.41 2.95 2.98 4.75 5.04 1.87 2.36 4.01 4.21 2.18 3.59 3.68 3.29 

–| |– of protein, % 15.11 15.92 14.03 14.82 11.35 11.67 14.63 13.34 11.79 12.81 12.14 11.73 13.07 13.28 

–| |– of ash, % 1.04 1.39 1.19 1.47 1.54 1.81 1.69 1.71 1.37 1.58 1.77 1.51 1.49 1.48 

Avg. calorie 
content, cal/g 

960 1048 1071 1075 1090 1139 947 957 1034 1167 892 1021 1090 1061 

Body length, cm 9.0 10.9 9.3 11.4 10.6 11.0 9.9 11.8 12.0 14.5 13.3 10.4 13.3 12.2 

Body weight, g 7.6 13.0 8.3 13.7 11.7 19.1 9.8 11.6 20.2 49.6 29.4 13.6 39.5 33.7 

Number of fishes 9 11 20 20 65 81 20 25 25 59 20 24 74 15 

 
 

Table 7. Total juvenile Sockeye salmon escapement from Kurilskoye Lake (Ozernaya River, West 
Kamchatka) for May–July, 2004–2010 (data by V. Dubinin). 

 

Year 
2004 2005 2006 2007 

Age of fishes 
Characteristics 

1+ 2+ 3+ 2+ 3+ 2+ 3+ 1+ 2+ 3+ 
Total abundance, million fishes 0.6 9.5 0.7 5.6 1.2 7.8 2.3 1.1 10.4 2.4 
Portion of fishes, % 5.5 87.9 6.7 82.5 17.5 77.5 22.5 7.6 75.3 17.1 
Portion of female, % 56.5 49.3 60.7 49.5 50.0 50.2 53.1 50.2 53.1 43.8 
Body length, cm 8.8 9.7 10.9 10.3 11.4 9.0 10.9 8.2 8.9 9.6 
Body weight, g 5.9 7.8 11.3 9.6 12.7 5.7 10.5 4.4 5.6 7.2 

Number of fishes in the sample 32 369 28 329 70 279 81 32 316 72 

 
 

Table 7. (Continued) 
Year 

2008 2009 2010 

Age of fishes 
Characteristics 

2+ 3+ 1+ 2+ 3+ 1+ 2+ 3+ 
Total abundance, million fishes 19.1 4.2 10.6 12.8 5.0 4.0 32.9 1.8 
Portion of fishes, % 81.7 18.3 37.4 45.0 17.6 10.3 85.0 4.7 
Portion of female, % 49.5 54.8 53.3 50.7 46.8 32.5 47.7 50.0 
Body length, cm 9.3 9.9 9.0 10.6 12.1 9.4 11.3 11.6 
Body weight, g 6.4 7.9 6.5 10.6 15.2 7.2 12.3 13.2 

Number of fishes in the sample 325 73 167 201 79 40 329 18 
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Fig. 9. Abundance of gametes at different stages of development in female of juvenile Sockeye 
salmon (age 2+) in coastal waters of West Kamchatka, June–July, 2005–2007. 



 

Zoom 10x20 Zoom 20x40 

Fig. 10. Juvenile Sockeye salmon milt in the stage of gametes resupply (spermatocytes in quiet 
condition, accumulated in ampoules by 2–3 cells, West Kamchatka, July 2005). 
 
 
 
 
Table 8. Total abundance of juvenile Pacific salmon (thousand fishes) in coastal waters of West 
Kamchatka, May–August 2004–2007, and 2010.  

 

Dates Catch Pink Chum Sockeye Chinook Coho Masu Sum 
Investigated area, 

thousand km2 
ind. 0 13 36 152 64 0 265 26.06.– 

02.07.2004 % 0 4.9 13.5 57.3 24.3 0 100 
2.003 

ind. 0 0 3 0 5 0 8 24.07.–
27.07.2004 % 0 0 40.4 0 59.6 0 100 

1.484 

ind. 0 0 0 0 0 0 0 22.05.– 
29.05.2005 % 0 0 0 0 0 0 0 

2.550 

ind. 29 55 2 280 3 507 5 135 99 11 105 21.06.– 
01.07.2005 % 0.3 0.5 20.5 31.6 46.2 0.9 100 

3.713 

ind. 361 82 4 395 5 458 2 468 142 12 905 20.07.– 
01.08.2005 % 2.8 0.6 34.1 42.3 19.1 1.1 100 

2.302 

ind. 0 74 7 507 313 1 193 28 9 115 29.06.– 
04.07.2006 % + 0.8 82.4 3.4 13.1 0.3 100 

5.987 

ind. 89 619 15 286 8 496 1 236 126 25 853 27.07.– 
03.08.2006 % 0.3 2.4 59.1 32.9 4.8 0.5 100 

7.823 

ind. 473 193 8 308 1 859 4 039 41 14 913 23.06.– 
02.07.2007 % 3.2 1.3 55.7 12.5 27.1 0.3 100 

11.299 

ind. 27 3 075 62 843 12 825 6 445 531 85 745 21.07–
28.07.2010 % 0 3.6 73.3 15.0 7.5 0.6 100 

10.564 

ind. 979 4 109 100 658 32 609 20 585 967 159 908 
Sum 

% 0.6 2.6 62.9 20.4 12.9 0.6 100 
47.727 
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Fig. 11. Differences in food composition (Euclidian distance, units) and feeding intensity (SF Index, 
o/ooo) of mass fish species in coastal waters of West Kamchatka, June–July, 2004–2007 and 2010. 
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Fig. 12. Correlation between total catch of juvenile Pacific salmon (number of fishes) and surface 
water temperature (°С) in coastal waters of West Kamchatka, July 2010. 

 

Table 9. Total biomass (mg/m3) and ratio (%) of basic zooplankton groups (in Big Juday 
Net catches) in coastal waters of West Kamchatka, May–July 2004–2007 (on the data by 
Maksimenkov et al., 2008). 

2004 2005 
June July Май June Zooplankton groups 

mg/m3 % mg/m3 % mg/m3 % mg/m3 % 
Coelenterata + + + + + + + + 
Polychaeta 6.0 6.4 11.9 3.4 79.2 30.8 153.4 21.3 
Cirripedia 6.4 6.8 2.6 0.7 + + 0.2 + 
Copepoda 22.0 23.5 235.9 67.5 38.7 15.1 238.0 33.0 
Mysidacea + + + + 2.7 1.0 + + 
Amphipoda + + + + 0.2 0.1 2.8 0.4 
Euphausiacea 46.1 49.3 31.0 8.9 100.1 39.0 201.7 28.0 
Decapoda + + + + 0.7 0.3 27.0 3.8 
Mollusca 0.2 0.2 4.9 1.4 1.5 0.6 39.3 5.5 
Chaetognatha + + + + 3.2 1.2 56.5 7.8 
Echinodermata 1.0 1.1 4.5 1.3 0.4 0.1 0.5 0.1 
Tunicata 1.8 1.9 53.4 15.3 + + + + 
Varia 10.0 10.8 5.0 1.5 30.1 11.8 1.5 0.1 
Sum 93.5 100.0 349.2 100.0 256.8 100.0 720.9 100.0 
Number of samples 21 8 25 9 

 

Table 9. (Continued)

2005 2006 2007 
July June July June Zooplankton groups 

mg/m3 % mg/m3 % mg/m3 % mg/m3 % 
Coelenterata + + 115.2 11.4 334.4 20.0 47.1 8.1 
Polychaeta 505.3 26.7 317.4 31.5 663.9 39.8 135.5 23.3 
Cirripedia 0.6 + + + + + 9.9 1.7 
Copepoda 1002.1 53.0 167.6 16.6 303.3 18.2 261.4 44.9 
Mysidacea 98.7 5.2 + + + + + + 
Amphipoda 14.2 0.8 + + + + 2.8 0.5 
Euphausiacea 185.8 9.8 18.7 1.9 16.5 1.0 0.5 0.1 
Decapoda 25.0 1.3 + + + + 14.6 2.5 
Mollusca 46.3 2.4 113.5 11.3 254.0 15.2 17.4 3.0 
Chaetognatha 7.8 0.4 191.9 19.0 45.1 2.7 84.7 14.6 
Echinodermata 0.2 + + + + + 1.2 0.2 
Tunicata + + + + + + 5.5 1.0 
Varia 5.5 0.4 83.3 8.3 50.8 3.1 1.3 0.1 
Sum 1891.5 100.0 1007.6 100.0 1668.0 100.0 581.9 100.0 
Number of samples 30 32 27 57 
Note: + – less then 0.1 
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Fig. 13. Ratio (% by total strength in catches) of mass fish species in epipelagic zone of 
Kamchatkiy Gulf, August, 2007 and 2010. 

 

 
Fig. 14. Distribution of total fish biomass (kg/15 minutes of trawling) in coastal waters of East 
Kamchatka, August, 2007 and 2010. 
 
 

Table 10. Total catch (ind.) and ratio (%) of juvenile Pacific salmon in coastal waters 
of East Kamchatka, August, 2007 and 2010. 

 

Dates Catch Pink Chum Sockeye Chinook Coho Sum 
ind. 6 1 54 336 219 616 01.08.– 

11.08.2007 % 1.0 0.2 8.8 54.5 35.6 100 
ind. 479 464 525 959 160 2587 19.08.–

31.08.2010 % 18.5 17.9 20.3 37.1 6.2 100 
Sum ind. 485 465 579 1295 379 3203 

 



 

Fig. 15. Distribution of total catches (ind./15 min. of trawling) of juvenile Pacific salmon in coastal 
waters of East Kamchatka, August, 2007 and 2010. 

 

 

Fig. 16. Distribution of total catches (ind./15 min. of trawling), average body length (cm) of 
juvenile Pacific salmon and direction of surface water current in the north part of Kamchatskiy 
Gulf during trawl surveys in coastal waters of East Kamchatka, August, 2007 and 2010. 



 

 

Fig. 17. Dynamics of average body weight (g) of juvenile Pacific salmon and speed of surface 
water current (cm/sec) in coastal waters of East Kamchatka, August, 2007 and 2010. 



 

Table 11. Body length (cm) and weight (g) of juvenile Pacific salmon in coastal waters of East 
Kamchatka, August, 2007 and 2010. 

Body length AC (cm) Body weight (g) 
Year 

Min Max Average St. deviation Min Max Average St. deviation 
Number 
of fishes

Pink
2007 10.9 10.9 10.9 8.3 8.3 8.3  1
2010 9.8 19.8 14.3 1.5 10.3 83.1 30.8 9.8 326

Chum
2007 10.3 10.3 10.3 12.5 12.5 12.5  1
2010 6.9 25.5 13.4 2.7 3.3 246.3 31.6 25.0 236

Sockeye
2007 8.4 18.5 12.4 2.0 5.8 69.8 22.2 11.7 56
2010 7.6 29.3 13.8 2.8 4.8 322.5 36.5 29.6 229

Chinook
2007 10.1 19.1 13.1 1.7 10.0 80.4 26.6 12.3 334
2010 11.0 23.9 15.0 1.9 12.8 201.6 43.5 21.3 607

Coho
2007 12.4 28.0 17.7 3.0 17.6 271.5 70.5 39.7 223
2010 12.6 30.2 18.7 3.4 22.4 362.3 99.0 58.8 152 

 
Table 12. Total abundance of juvenile Pacific salmon (thousand fishes) in 
the north part of Kamchatsky Gulf*, August, 2007 and 2010. 

 

Dates of study 
Parameters 

05.08–10.08.2007 19.08–25.08.2010 
Trawl model 33.6/56 33.6/72 
Average speed of trawling, knt. 3.5 3.4 
Vertical layer of trawling, m 0–6 0–10 
Catch coefficient 1.67 0 
Total abundance of juvenile Pacific salmon (thousand fishes) Sum 
 ind. % ind. % ind. % 
Pink 46 1.2 1 411 15.1 1 457 11.1 
Chum 0 0.0 1 678 18.0 1 678 12.8 
Sockeye 303 8.1 1 858 19.9 2 161 16.5 
Chinook 901 24.1 457 4.9 1 358 10.4 
Coho 2 493 66.6 3 923 42.1 6 415 49.1 

Sum: 3 743 100.0 9 327 100.0 13 070 100.0 
Investigated area, km2 3319.0 3344.9 6663.9 

 *Polygon for Juvenile Pacific salmon 
abundance calculation: 

 

 



 

Fig. 18. Dynamics of average body length (cm) of juvenile Pacific salmon in estuary of Kamchatka 
River and in the north part of Kamchatsky Gulf, 16–25 August, 2010 (Koval et al., 2010b).  
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Fig. 19. Differences in food composition (Euclidian distance, units) and feeding intensity (SF Index, 
o/ooo) of mass fish species in coastal waters of East Kamchatka, August, 2007 and 2010. 
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Fig. 20. Averaged long–term dynamics of juvenile Sockeye salmon escapement from 
Kurilskoye Lake (A); total abundance of juvenile escapement from Kurilskoye Lake and 
juvenile Sockeye salmon abundance, estimated in trawl surveys (B); correlation between 
total abundance of juvenile Sockeye salmon escapement from Kurilskoye lake and juvenile 
Sockeye salmon abundance, estimated in trawl survey in coastal waters of West 
Kamchatka in June and July, 2004–2007 and 2010. 
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