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Composition and distribution of macroplankton in the east coast waters of 

Kamchatka during fall period, 2000 and 2002 
 

Abstracts 
 

Composition and spatial distribution of total biomass and abundant species of 

macroplankton in the east coast waters of Kamchatka in September-October, 2000 and 2002 

were studied. The macroplankton samples for this study were collected with ichthyoplankton net 

(IKS-80) during the trawl surveys by KamchatNIRO.  

During zooplankton analysis in the samples were noted 61 species of 17 groups of 

plankton animals but basic proportion of macroplankton biomass was formed by 8 main plankton 

species: Aglantha digitale, Neocalanus plumchrus, N. cristatus, Eucalanus bungii, Metridia 

pacifica, Parathemisto japonica, Thysano?ssa longipes and Parasagitta elegans. The total 

biomass of these organisms composed 94-98% of the total macroplankton biomass in the studied 

area.  

During September, 2000 the average macroplankton biomass considerably decreased 

(from 242.9 to 172.7 mg/m3) as a result of reduction of the portion of copepods. Maximum 

aggregations (in first part of September, 2000) were registered in the central and southwestern 

parts of the region, where their biomass reached 500-1000 mg/m3. At the end of September, 2000 

macroplankton dispersed evenly around the whole area and its concentrations did not exceed 

100-250 mg/m3. During September and October, 2002 the average biomass was at the same level 

(120.1 and 124.0 mg/m3). Maximum aggregations of zooplankton (in September, 2002) were 

registered in the eastern part of the Komandor Islands (250-500 mg/m3); in October, 2002 

macroplankton distributed evenly around the whole area of the region (50-200 mg/m3). Total 

macroplankton stock in the east coast waters of Kamchatka during fall, 2000 and 2002 was from 

25.50 to 45.63 thousand tons. 

During fall, 2000 and 2002 simultaneous increase of the proportion of predator animals 

(such as chaetognaths, hyperiids and coelenterates) was registered. Two daily maximums (in the 

morning and evening) in hyperiids and eupausiids (in 0-100 m layer) biomass was characteristic 

for fall, 2000 and 2002. According to the trawl data, the area of high abundance of hyperiids and 

eupausiids is characterized by maximum trawl catches of pink salmon.  

The most favorable feeding season for juvenile salmon was fall, 2002. Though in this 

period the total plankton biomass was lower than in 2000, high concentration of the most 

important prey items (hyperiids and euphausiids) for Pacific salmon were found in 2002. Also in 
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2002 the total macroplankton biomass in the east coast waters of Kamchatka had the same 

indexes in September and October, that proves in support of biomass stability during the whole 

feeding migrations of juvenile salmon. Compared with 2002, in 2000 considerable decline in the 

total biomass of macroplankton in September could affect the conditions of the feeding.    

Introduction 

 

The international program on studying Pacific salmon in the Bering Sea (Bering-Aleutian 

Salmon International Survey (BASIS) has been started in 2002. Period of this program is 5 years 

and the performers of BASIS is North Pacific Anadromous Fish Commission-member nation 

(Canada, Japan, Russia and United States). The objectives of BASIS program is to collect data 

on salmon distribution, abundance, stock origin, migrations, growth, food habits, zooplankton 

distribution (as basic food of Pacific salmons) etc. in inshore, offshore, and oceanic waters of the 

Bering sea and North Pacific Ocean. Since almost all the species of zooplankton in the Bering 

sea are the main prey items of Pacific salmon and one of the tasks of BASIS in 2002 was to 

collect data on food base. Depending on a habitat area some species or groups of plankton can 

dominate in food diet of Pacific salmon. This domination is directly connected with 

concentration of prey items in the study areas and feeding selectivity of fishes. Consequently, 

analyzing salmon food base it is necessary to take into account not only total biomass and 

abundance of zooplankton in feeding areas, but also spatial distribution of several species of 

animals, their ecology and production ability. 

Materials and Methods  

 

The data for this study were collected in the east coast waters of Kamchatka in 

September-October, 2000 and 2002, during the trawl surveys by KamchatNIRO. Two trawl 

surveys were conducted in September-October, 2000, aboard the research vessel Sayanogorsk 

(first survey: September 1 – September 15, 2000; second: September 24 – October 8, 2000) and 

two trawl surveys were conducted in August-September-October, 2002, by the research vessel 

Koryaksky (first survey: August 31 – September 27, 2002; second: September 29 – October 18, 

2002).  

Macroplankton was collected almost at each trawl station before trawling. During the 

whole period of the survey 168 hydrobiological stations were conducted, 180 samples of 

plankton were collected, 24 of them collected at daily station in 2002. Plankton samples are fixed 

in a solution of 5% formaldehyde and transportation to laboratory for processing. The scheme of 
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hydrobiological stations conducted in the east coast waters of Kamchatka during fall period, 

2000 and 2002, present at Fig.1. 

Plankton sampling is carried out by ichthyoplankton net (IKS-80) with mouth area 0.5 m2 

(ring diameter - 80 cm), equipped with capron sieve No15 in Russian standard (mesh size - 0.550 

mm) (Rass and Kazanova 1966; Sokolovskaya and Belyaev 1987; Koval 2003). Total plankton 

samplings are carried out in the stations locations at 0-100 m layer. This layer was adopted 

because Pacific salmon (adult and juvenile) dipped to 100 m very seldom and feeding mostly at a 

depth of 50 m during their vertical migrations (Birman 1964, 1985; Yerokhin 1991; Vasilenko et 

al. 1999). If the depth on station was less than 100 m, samplings were towed from the bottom 

toward the surface. The tow speed at the stations was 0.5-0.8 m/sec.  

The main task of the laboratory studies was to determine species and groups of 

macroplankton and their abundance in the samples. Biomass of several components in the 

sample calculated by count number of animals and multiplication this number to average weight 

of each component. Average weight of each species of zooplankton organisms were determined 

experimentally or in tables of standard weights (Lubny-Gertsyk 1953). All large components, 

mainly euphausiids, hyperiids, large molluscs, polychaetes etc. weighed on torsion or electronic 

balance to within 1 mg. Statistical processing of the data was conducted by standard methods 

assumed in Russian plankton studies (Instruction … 1971, 1980; Karedin 1982). Zooplankton 

biomass in the study areas are calculated for daily period (in mg/m3) because all sample was 

collected during day time.  

Like the all plankton nets, IKS-80 has a certain selectivity and doesn’t catch all of the 

plankton. This factor affects the calculation of zooplankton abundance. As a result, more motile 

zooplankton was not caught, hence the quantity values were lower. IKS-80 is used for catching 

large plankton organisms (animals bigger than 1mm). For correction of catching efficiency were 

introduced the empiric coefficients. As basis for calculation of our empiric coefficients we used 

the empiric coefficients by TINRO-Centre for Big Juday Net (BJN) (Volkov 1996). Thus, we 

can compare our obtained data with those obtained by TINRO-Center at the same period in the 

western part of the Bering Sea (September-October, 2002).    

The catchability of IKS-80 some bigger than Juday net because mouth area of BJN is 

smaller. The mouth area of IKS-80 is 5 times bigger, than of BJN but value of IKS-80 plankton 

catches are not always 5 times higher (Pogodin 1980). Relation of mean catches by IKS-80/ BJN 

for small-sized organisms (0.5-2.0 mm) varies from 0.04 to 0.33, for mean-sized organisms (2.0-

9.0 mm) – from 2.45 to 5.44, for large organisms (more than 9 mm) – 3.63. The empiric 

coefficient for not motile organisms (such as coelenterates, polychaetes, ostracods, larvae of 



 5
euphausiids and benthos animals, pteropods, pelagic fish eggs, appendicularians, and rare 

species noticed in samples) was 1.0. For copepods (body size less than 5 mm) the coefficient 

equaled 1.2. For large organisms the coefficient was used according to the factor – the larger and 

more motile the organism, the higher coefficient. For copepods (more than 5 mm) – 1.4; for 

amphipods and hyperiids (less than 5 mm) – 1.1; 5-10 mm – 1.4, more than 10 mm – 2.1. For 

euphausiids, chaetognaths and fish juveniles (less than 10 mm) – 1.3; 10-20 mm – 2.1; and more 

than 20 mm – 3.5. For mysids, juvenile squids and decapods larvae – 1.3.  

The total macroplankton stock in the studied areas was calculated with the Tissen’s 

method of polygons (Voronov’s diagrams) (Borisovets and Nadtochy 2003). For all spatial 

calculations we used ArcView program. 

Species composition 

 
During zooplankton analysis of the samples collected in fall, 2000 and 2002, were noted 

61 species of 17 groups of plankton animals (Table 1). One of the most abundant groups was 

large Calanoida: Neocalanus cristatus, N. plumchrus, Eucalanus bungii. In all sample collected 

in 2000 and 2002 registered by 10 species Copepoda of 8 genus.  

Also one of the most abundant species was Parasagitta elegans (Chaetognatha). From 

coelenterates pelagic jellyfish Aglantha digitale was dominated. Abundance indexes for other 

species of coelenterates such as Dimophyes arctica (Siphonophora), Bero? cucumis 

(Ctenophora) and small-sized jellyfish (Hydrozoa) were considerably lower. 

Except Copepoda, crustaceans in the sample were also presented by hyperiids, 

euphausiids, larvae of decapods, small-sized ostracods and larvae of Cirripedia (st. cypris).  

Small-sized Mysidacea (larvae), Cumacea and Cladocera were noticed in the sample 

collected at several coastal stations. In all sample collected in 2000 and 2002 registered by 5 

hyperiids species, 5 species of euphausiids, 7 species and groups of decapods.  

The most abundant species of amphipods was hyperiids Parathemisto japonica. Large 

hyperiids Parathemisto libellula, Primno macropa, Hyperia galba and H. medusarum were 

noted much rarely. Occurrence of another species of amphipods was not frequent. Separate 

representatives of Gammaridae were found at coastal stations.  

Representatives of euphausiids Thysano?ssa longipes, Th. inermis, Th. raschii and 

Euphausia pacifica were registered. The rare species of euphausiids Tessarobrachion oculatus 

was also noticed in the sample collected in 2002. Besides, euphausiids juveniles and larvae of 

different species at the stage of furcilia were present in large numbers practically everywhere.  
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Decapoda were presented by larvae of Macrura, Brachyura (st. zoea and st. 

megalopa) and Anomura (st. zoea). At coastal stations larvae of Paguridae were noticed. The 

most abundant representatives of mollusks were Limacina helicina and Clione limacina, squid 

juveniles and larvae of Gastropoda and Bivalvia were less abundant.  

Except the above-mentioned representatives of macroplankton the number of 

appendicularians Oikopleura sp., juvenile polychaetes of Tomopteris sp., larvae of other 

polychaetes, copepods eggs and fish (larvae and juveniles), and was negligible. Isolated Insecta 

(imago) and Rotatoria were also registered.  

Distribution of total macroplankton biomass 

 
Two surveys conducted by KamchatNIRO made it possible to trace changes in 

macroplankton dynamics in the western waters of Kamchatka during fall, 2000 and 2002. On the 

basis of hydrobiological surveys at the studied stations maps of quantitative distribution of 

macroplankton were drawn. Characteristics of the data for each year are given below. 

 

2000 

Two hydrobiological surveys were conducted in September (1-15, September, 2000) and 

in September-October (September 24 – October 8, 2000) in the northwestern part of the Pacific 

Ocean and in the southwestern part of the Bering Sea.  

During the first survey macroplankton biomass was formed by 6 main species: N. 

cristatus, P. elegans, E. bungii, N. plumchrus, M. pacifica and P. japonica (species are given 

according to decrease in their biomass). The total biomass of these organisms composed over 

95% of the total macroplankton biomass and proportion of N. cristatus were 60% (Fig. 2-A).  

The mean biomass of macroplankton in studied area was 242.9 mg/m3 (Table 1), and 

maximum aggregations were registered in the central and southwestern parts of the region, where 

their biomass reached 500-1000 mg/m3 (Fig. 3-A). During the second survey (at the end of 

September) the total macroplankton biomass considerably decreased (the average value was 

172.7 mg/m3 (Table 1). The dominant species was P. elegans (29.8%). Abundance of predatory 

zooplankton species considerably increased: hyperiids P. japonica and pelagic jellyfishes A. 

digitale composed 12.0 and 6.2%, respectively (Fig. 2-B). As a result of reduction of the portion 

of copepods (to 50%), macroplankton dispersed evenly around the whole area and its 

concentrations did not exceed 100-250 mg/m3 (Fig. 3-B).  

This situation is typical for the east coast waters of Kamchatka, as in fall it is 

characterized by the reduction of total abundance of zooplankton and by simultaneous increase 
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in the proportion of predator animals, such as chaetognaths, hyperiids and coelenterates. This 

fact is also supported by the data of the hydrobiological survey conducted by the Laboratory of 

Marine Salmon Investigation (KamchatNIRO) in the southwestern part of the Bering Sea in 

June, 2000. According to our data, the mean biomass of macroplankton in this area during this 

period was 563.6 mg/m3, that proves in support of considerable decrease in zooplankton 

abundance in fall (Koval and Zaochny, 2003). 

2002 

During the first survey conducted in September, 2002 the total biomass in the studied 

region was twice lower, than in the same period in 2000. This fact is probably connected with the 

following reasons: 1) the survey conducted in the second half of September, 2) early beginning 

of fall processes in 2002. As noted above, in fall is occurring the reduction of total abundance of 

zooplankton and by simultaneous increase in the proportion of predator animals. In September, 

2002 the total percentage of predators was about 45%, that is approximately equal to a similar 

index (48%) at the end of September-October, 2000.  

During the first survey (2-27, September, 2002) macroplankton biomass was formed by 8 

main plankton species: P. elegans, N. plumchrus, N. cristatus, E. bungii, A. digitale, P. japonica, 

Th. longipes and M. pacifica (Fig. 2-? ). The total biomass of this species composed 95% of the 

total macroplankton biomass and the percentage of predators (P. elegans, A. digitale and P. 

japonica) was 45%. The mean biomass in September, 2002 was 120.1 mg/m3 (Table 1). 

Maximum aggregations of zooplankton were registered in the eastern part of the Komandor 

Islands, where their biomass was 250-500 mg/m3 (Fig. 3-C). Necessary to note, that increase in 

the total macroplankton biomass from the coastal to depth waters of Kamchatka was 

characteristic for September 2000 and 2002.  

During the second survey in October, 2002 the mean macroplankton biomass was at the 

same level as in September (124.0 mg/m3). The basis of biomass, as well as in September, was 

formed by 8 main species: P. elegans, N. plumchrus, P. japonica, Th. longipes, M. pacifica, A. 

digitale, N. cristatus, and E. bungii (their total portion was still about 95%), but it is necessary to 

note the increase of predators in the total proportion of macroplankton (from 45 to 59.7%) (Fig. 

2-D). Thus, the portion of P. elegans increased more than 10% (from 36.8 to 47.7%) and the 

portion of P. japonica - increased from 3.6 to 7.7%. The total percentage of Th. longipes (one of 

basic prey item of Pacific salmon) increased from 3.3 to 6.6%. During this period macroplankton 

distributed evenly around the whole area of the region, and its total biomass was 50-200 mg/m3 

(Fig. 3-D).  
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Distribution of abundant species of macroplankton 

 
Coelenterata. The most abundant species of coelenterates in the examined period was 

pelagic jellyfish A. digitale, as this species of hydroid jellyfishes is the most typical 

representative of zooplankton of the Far East seas. Its total proportion was more than 99% of the 

total biomass of all the coelenterates noted in the plankton samples for 2000 and 2002. Only 

some individuals of other species of coelenterates were registered and their portion did not 

exceed 0.1%. Distribution of jellyfishes in this region was irregular and aggregations did not 

exceed 10 mg/m3 (Fig. 4). In places of mass aggregations the total biomass of coelenterates 

comprised about 30 mg/m3.  

Increase in the abundance of jellyfishes is apparent for fall, 2000 when their proportion in 

plankton biomass increased more than 4 times – from 1.5 to 6.2% (Table 1). Unlike 2000, 

reduction of the portion in coelenterates biomass was noted in October, 2002. Thus in 

September, their total percentage was 5.1%, in October – 4.4%. The total abundance of 

jellyfishes was lower in 2002, compared with 2000, and in the main part of the region their 

biomass did not exceed 5 mg/m3. 

Copepoda. Copepods are one of the most abundant representatives of plankton in 

Kamchatkan waters (more than 70-80% of the total zooplankton biomass). It is one of the major 

prey items of pollock, herring, Pacific salmon, greenlings and other pelagic fishes all the year 

round.  

The basis of copepods biomass in fall (2000, 2002) was formed by four major species: N. 

cristatus, N. plumchrus, E. bungii and M. pacifica. In 2000 their total proportion in 

macroplankton composed 77% (1-st survey) and 46.7% (2-nd survey). It is necessary to note, 

that in fall, 2002 the total proportion of copepods in macroplankton composition was much 

lower, than in 2000, composed 27.8% and 46.1%, respectively (Table 1). Maximum 

concentrations of copepods during the whole period of study were registered in the first half of 

September, 2000 in the central and southeast parts of the region, where their total biomass 

reached 850 mg/m3 (Fig. 5-A). The main species of copepods biomass in places of their 

aggregations was adult N. cristatus. By the end of September, 2000 decline in the total 

abundance of copepods was marked in the region. Considerable aggregations were not registered 

in this period, and their total biomass comprised no more than 250 mg/m3 (Fig. 5-? ).  

During fall, 2002, the most abundant representative of this group was N. plumchrus. 

Increased concentrations of copepods were registered during this period in offshore waters of the 

study area, but even in the places of maximum biomass its indexes did not exceed 250 mg/m3 
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(Fig. 5-? ). In October general decrease in copepods abundance was noted, and their 

biomass was no more than 50 mg/m3 at most hydrobiological stations (Fig. 5-D). 

Hiperiidea. All mass species of hyperiids of genus Parathemisto, Hyperia etc., have an 

important role in feeding of Pacific salmon. They are found in feeding of pink, chum and 

sockeye salmon (juvenile and adult) during their whole life cycle in the sea. Often, they 

composed more than 90% of stomach contents of juvenile salmon in the early marine period of 

life. On data Andrievskaya L.D. (1966), in the 50-60-s P. japonica was a main prey item for 

adult salmon during their anadromous migrations in the Pacific waters of Kamchatka and high 

abundance of P. japonica can indicate fishery concentrations of Pacific salmon in the sea.  

Hyperiids are predators. Abundance of predators grows with the increase in number of 

their preys (plankton copepods, mostly Calanoida). Therefore, abundance of hyperiids increases 

by the end of summer and during fall (Chuchukalo et al. 1999).  

It is known, vertical daily migrations are apparent for hyperiids inhabiting the 

northwestern part of the Pacific Ocean and the southwestern part of the Bering sea (Chebanov 

1965; Zaitsev 1970). Analyzing daily dynamics of hyperiids (P. japonica) in the surface layer (0-

10 cm) two maximums of their concentrations were registered – evening and morning 

(Chebanov 1965).  The catches with Big Juday Net have shown that P. japonica occurs 

predominantly at a depth of 75-100 m in the afternoon, and in the evening they migrate to the 

surface layer, where they feeding on copepods (Zaitsev 1970). Also this species can form high 

aggregations in hyponeiston, primarily in offshore waters, where their concentration can reach of 

several tens thousand individuals per m3 (Chebanov 1965). The data on distribution of hyperiids 

can be connected with distribution of Pacific salmon (adult and juvenile). As noted Andrievskaya 

L.D. (1957), in the northwestern part of the Pacific Ocean adult salmon feed on hyperiids, 

concentrating in the surface layer in the morning and evening. It was determined that juvenile 

salmon have maximum feeding activity in the evening (then night pause in feeding) and feeding 

activity arises in the morning again (Gorbatenko 1996; Yerokhin and Shershneva 2000).  

All the above mentioned facts conclude that real quantitative evaluation of hyperiids 

conducted with the plankton nets (towed vertically) in the layer 0-100 m is rather problematic, 

since the sampling gear practically don’t catching in surface horizon with high concentration of 

hyperiids in the evening.  

According to the data collected in fall 2000, 2002 the basis of hyperiids biomass was 

formed by P. japonica. Juvenile and adult individuals of this species were present during the 

whole period of sampling conducted in the east coast waters of Kamchatka. It was determined 

that the total biomass of P. japonica increased during September, 2000 and from September to 
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October, 2002, for account of growing of adults hyperiids. Also was determined that 

juvenile individuals of P. japonica (size less than 5 mm) reduced during fall (Table 1). Spatial 

distribution of hyperiids in 2000 and 2002 was also similar. At the beginning of September the 

total hyperiids biomass in the areas of their high concentration (basically in shelf waters) didn’t 

exceed 50 mg/m3 (Fig. 6-A,C). But by the end of September, 2000 and in October 2002 it 

reached 50-100 mg/m3 and at separate stations – more than 100 mg/m3 (Fig. 6-? ,D). The main 

concentrations of these plankters were found mostly in the waters near from the Komandor 

Islands and in the offshore waters of the southwest part of the Bering Sea. According to the trawl 

data, the area of high abundance of hyperiids is characterized by maximum trawl catches of pink 

salmon. 

According to our data, two daily maximums (in the morning and evening) in hyperiids 

biomass was also characteristic for fall, 2000 and 2002. Index of average biomass hyperiids (in 

the 0-100 m layer) increased to 22.0 mg/m3 from 6 to 9 a.m. From 12 to 6 p.m. this index did not 

exceed 10.0 mg/m3, then, in the evening hours abundance of hyperiids increased to 20-22 mg/m3 

(Fig. 11). 

Euphausiidae. This group of crustaceans is one of the main prey items of mass pelagic 

fishes. In some regions euphausiids forming 90% of total salmon (juvenile and adult) feeding. In 

the Far East seas Euphausiidae is presented by five the most abundant species. In the plankton 

sample collected during fall, 2000 and 2002 more frequent species were Th. longipes, Th. 

inermis, and E. pacifica but dominance of Th. longipes was apparent. As ? rule, the total 

proportion of this species was more than 2/3 of the total euphausiids biomass in the studied area. 

Along with adult individuals, significant amount of larvae and juveniles of Euphausiidae was 

found in plankton biomass, but their total biomass was not high. 

 It is necessary to note, that biomass of euphausiids was much higher in fall, 2002, than in 

2000, and their portion in macroplankton in September and October, 2002 was 4 and 6 times 

higher the similar biomass indexes of 2000. Index of Th. longipes in portion of macroplankton 

increased in comparison with the same period (October, 2000) from 3.3 to 6.6% (Table 1). 

Considerable aggregations of euphausiids were not registered in the east coast waters of 

Kamchatka during fall, 2000. In the central part of the studied area total biomass constituted less 

than 10 mg/m3, and only in offshore waters was registered its increase (about 25 mg/m3) (Fig. 7-

? ,? ). In September, 2002 aggregations of Euphausiidae (with biomass 25-50 mg/m3) were noted 

predominantly in the Kamchatkan shelf, Olutorskiy Bay and near the Komandor Islands (Fig. 7-

? ). On the main part of the region biomass indexes did not exceed 10 mg/m3 and only in the 

eastern part of the area small increase was registered (10-25 mg/m3). The most abundant 
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concentrations of euphausiids during the whole period of study were registered in October, 

2002. Their total biomass was 10-25 mg/m3 on the main part of the studied area and 25-50 

mg/m3 - in the places with high abundant (more than 50 mg/m3 - at one station) (Fig. 7-D). 

Analyzing the data on spatial aggregation of Euphausiidae in connection with juvenile salmon 

catches it was determined that the areas of high concentration of euphausiids coincide with the 

areas of maximum catches of pink salmon.  

It is necessary to note the fact, that Euphausiidae, like Hiperiidea, can migrate vertically, 

while the basic mass of adult representatives distributed at a depth of more than 200 m, but in the 

evening and night they migrate to the surface layer (Vinogradov 1968; Chuchukalo et al. 1996).  

According to our data during fall, 2000, 2002, biomass of euphausiids in the layer of 0-

100 m was two times lower during the day hours in comparison with evening and night time 

(Fig. 11). At 6 a.m. biomass reached 16 mg/m3, then it decreased, from 8 a.m. to 7 p.m. biomass 

didn’t exceed 8 mg/m3, and by the evening it reached 14 mg/m3.  

Decapoda (larvae).  Abundant larvae of Decapoda are found in macroplankton biomass 

in the coastal waters of Kamchatka in summer. They are important prey items of adult pink, 

chum and sockeye salmon. This zooplankton animals were found in the stomach of juvenile 

salmon in the areas of own high concentration.  

In the sample collected during fall, 2000 and 2002 were registered larvae of decapods at 

different life stages (basically at the stage of zoea and megalopa, length from 4 to 6 mm). The 

total biomass of decapods did not exceed 2% of the total macroplankton biomass during studied 

period (Table 1). High concentrations of larvae decapods were registered mostly at the coastal 

stations, where their total biomass was 5 mg/m3, but in the basic part of the region it did not 

exceed 2.5-5.0 mg/m3 (Fig. 8). 

Pteropoda. Two species of pteropods (L. helicina and C. limacina) were found in the 

plankton samples collected during fall, 2000 and 2002. This species register in composition of 

macroplankton everywhere. It is known, that L. helicina and C. limacina are important prey 

items for adult salmon, especially for chum salmon. Also, at early stages of life cycle in the sea 

all Pacific salmon feed on pteropods (Andrievskaya 1968).  

The analysis of the data on pteropods abundance (fall 2000, 2002) showed its low index 

for L. helicina and C. limacina. Equally distributed in the studied areas, juvenile pteropods were 

dominant and their total biomass was less 1 mg/m3, at some locations – 3.0 mg/m3 (Fig. 9).  

Chaetognatha (P. elegans). Chaetognaths are constant and characteristic representatives 

in the Far East seas. They have an important role in food relationships at sea: on one hand, 

chaetognaths feed on small zooplankton; on the other hand, they are an important food item of 
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some pelagic fishes. Chaetognaths in small numbers were found in food composition of 

juvenile salmon during their fall feeding migrations. In the east coast waters of Kamchatka the 

only one abundant species of chaetognaths were P. elegans. This species was found in 100% of 

plankton sample collected in 2000 and 2002 (they portion comprised from 14 to 48% of the total 

macroplankton biomass) (Table 1).  

Increase in P. elegans number was noted during fall, 2000 and 2002. Thus, in 2002 the 

percentage of P. elegans in macroplankton biomass increased from 14.4 to 29.8% (Table 1). 

Maximum concentrations of chaetognaths were observed in offshore waters of the southwestern 

part of the Bering Sea, where their total biomass was 100-250 mg/m3 (Fig. 10-? ,? ). Similar 

concentrations were registered at the western boundary of the study area (2000), in offshore 

waters (2002) and at the Kamchatka coastal stations (Fig. 10-B,D). At the ultimate part of the 

area in fall, 2000, 2002 P. elegans biomass exceed 25-100 mg/m3. 

As noted above, general reduction in macroplankton biomass and simultaneous 

percentage increase of chaetognaths in macroplankton composition was noted in the east coast 

waters of Kamchatka during fall, 2000 and 2002. The analysis of juvenile salmon feeding habits 

during trawl surveys (2000 and 2002) showed, that percentage of P. elegans in food composition 

of juvenile pink salmon, chum and sockeye salmon usually increased from September to 

October. In our opinion, this fact may be associated with the increase in the total chaetognaths 

biomass during fall. Thus, it is quite likely that juvenile salmon have to compensate the lack of 

plankton crustaceans in food composition by feeding on less caloric, but more abundant 

chaetognaths.   

 

Total macroplankton stock in the east coast waters of Kamchatka  

during fall, 2000 and 2002. 

 

The data on principal macroplankton groups stock were calculated separately for each 

survey conducted in 2000 and 2002 (Table 2). All quantitative calculations were made with 

Tissen’s polygons method (Voronov’s diagrams). Since some studied area during different 

surveys in 2000 and 2002 has different sizes, macroplankton stock estimations were done 

separately at each area.  

Reduction in zooplankton abundance (from 45.63 to 27.50 thousand tons) is 

characteristic for fall, 2000, though the squares of the studied areas did not vary considerably 

(183.73 and 165.47 thousand ?m2). This can be connected either with common reduction in non-

predatory zooplankton biomass in fall, or with its consumption by the predatory zooplankton and 
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pelagic fishes (like pollock, herring, salmon etc.). In contrast with 2000, insignificant 

increase in total biomass (from 33.46 to 38.34 thousand tons) was registered in September-

October, 2002 (Table 2).  

In fall, 2000 macroplankton biomass was mostly presented by the main abundant groups: 

Copepoda, Chaetognatha, Amphipoda and Coelenterata. Their total stock comprised 44.60 tons 

in early September, that composed about 98% of total macroplankton stock. At the end of 

September the total reserve dropped down to 26.85 thousand tons, though their percentage was 

still about 98%. In September-October, 2002 total macroplankton stock had also high proportion 

by Ephausiacea: 1.61 and 3.13 thousand tons (4.81 and 8.15%, respectively). The total 

percentage of Copepoda, Chaetognatha, Amphipoda, Coelenterata and Ephausiacea in the total 

macroplankton stock in fall, 2000 (like in 2002) composed about 98 % (Table 2). 

 

Conclusions   

 

In our opinion, the most favorable feeding season for juvenile salmon was fall, 2002. 

Though in this period the total plankton biomass was lower than in 2000, high concentration of 

the most important prey items (hyperiids and euphausiids) for Pacific salmon were found in 

2002.  

It is know that some zooplankton species with low biomass can dominate in food 

composition of the Pacific salmon. Since plankton nets have some selectivity, the usage of a 

plankton nets makes it possible to estimate abundance only of some zooplankton species 

(copepods, chaetognaths, small-sized jellyfishes). As food composition of coho and chinook 

salmon consists largely of juvenile fishes and squids, considerable portion of food base of this 

species remains uncounted. Also was noted that often, Pacific salmon don’t feed on some 

abundant representatives of zooplankton community. Thus, the data on abundance by 

distribution of zooplankton, collected with a plankton nets do not show the whole of real 

conditions of food base of salmon in the sea (Koval, 2001).  

In conclusion, it is necessary to note that in 2002 the total macroplankton biomass in the 

east coast waters of Kamchatka had the same indexes in September and October, that proves in 

support of biomass stability during the whole feeding migrations of juvenile salmon. Compared 

with 2002, in 2000 considerable decline in the total biomass of macroplankton in September 

could affect the conditions of the feeding. Thus, feeding conditions in fall, 2002 were more 

favorable for juvenile salmon.     
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Fig. 1. The scheme of hydrobiological stations conducted in the east coast 
            waters of Kamchatka during fall period, 2000 (A, Sayanogorsk) and  
            2002 (B, Koryaksky). 
            (? - first survey; ? - second survey). 
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Table 1. Composition of macroplankton in the east coast waters of Kamchatka during fall  
               period, 2000 and 2002. 
 

1-15, Sept., 
2000 

24, Sept.-8, Oct., 
2000 

2-27, Sept., 
2002 

29, Sept.-18, Oct., 
2002 

Survey No1 Survey No2 Survey No1 Survey No2 
Components of macroplankton 

 
mg/m3 % mg/m3 % mg/m3 % mg/m3 % 

1. COELENTERATA 3.7 1.5 10.8 6.2 6.1 5.1 5.4 4.4 
 Hydromedusae gen. spp. - - - - 0.6 0.5 + + 
 Aglantha digitale  3.7 1.5 10.7 6.2 5.4 4.5 5.3 4.3 
 Aeginopsis laurentii + + - - - - + + 
 Corymorpha flammea - - - - + + - - 
 Dimophyes arctica + + 0.1 + + + + + 
 Ctenophora gen. sp. - - - - - - + + 
 Bero? cucumis + + - - 0.1 0.1 0.1 0.1 

2. ROTATORIA - - - - - - + + 
3. POLYCHAETA 0.3 + 0.4 0.2 0.3 0.2 0.7 0.4 
 Tomopteris spp. (juv.) 0.1 + 0.2 0.1 0.1 0.1 0.2 0.1 
 Tomopteris spp. 0.1 + - - 0.2 0.1 0.4 0.3 
 Polychaeta (larvae) 0.1 + 0.2 0.1 + + 0.1 + 

4. CLADOCERA + + - - - - - - 
 Evadne sp. + + - - - - - - 

5. OSTRACODA 0.1 + 0.2 0.1 + + 0.1 0.1 
6. CIRRIPEDIA (st. cypris) + + - - + + - - 
7. COPEPODA 189.7 78.4 86.0 50.0 56.5 47.1 36.2 29.3 
 Neocalanus spp. - - 0.9 0.5 - - - - 
 Neocalanus spp. (juv.) 3.3 1.4 4.8 2.8 0.4 0.3 1.1 0.9 
 Neocalanus cristatus 144.4 59.5 25.5 14.9 11.3 9.4 5.2 4.2 
 N. plumchrus 15.2 6.4 19.4 11.3 34.2 28.5 20.0 16.3 
 Eucalanus bungii 16.6 6.9 25.0 14.6 5.0 4.2 2.5 2.0 
 Eucalanus bungii (juv.) - - - - 2.4 2.0 1.2 0.9 
 Bradyidius pacificus - - + + - - - - 
 Pareuchaeta japonica 0.1 + 0.2 0.1 0.1 0.1 0.6 0.5 
 Metridia sp. + + 0.1 + - - - - 
 Metridia pacifica 10.1 4.2 10.1 5.9 2.4 2.0 5.4 4.4 
 Candacia columbiae + + + + + + 0.1 + 
 Epilabidocera amphitrites - - - - + + - - 
 Tortanus discaudatus - - - - 0.7 0.6 0.1 0.1 

8. AMPHIPODA 9.6 3.8 20.8 12.1 4.5 3.7 9.6 7.8 
 Parathemisto japonica 7.3 3.0 15.1 8.8 2.7 2.3 6.9 5.6 
 Parathemisto japonica (juv.) 2.0 0.8 5.5 3.2 1.6 1.3 2.5 2.1 
 Parathemisto libellula + + - - - - - - 
 Primno macropa 0.1 + 0.2 0.1 + + 0.1 0.1 
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Table 1. (Continued) 

 Hyperia galba 0.1 + - - + + 0.1 + 
 Hyperia medusarum - - - - 0.2 0.1 + + 
 Gammaridae gen. sp. - - - - - - + + 
 Chyphocaris shallengeri 0.1 + - - - - + + 
9. MYSIDACEA gen. sp. (larvae) + + + + + + + + 
10. CUMACEA - - - - - - + + 
 Diastylis bidentata - - - - - - + + 
 Lamprops corroensis + + - - - - + + 
11. EUPHAUSIACEA 3.7 1.4 2.5 1.4 6.3 5.2 10.4 8.4 
 Thysano?ssa longipes 2.3 1.0 2.2 1.3 4.0 3.3 8.5 6.9 
 Th. inermis 0.1 + + + 0.3 0.2 0.8 0.6 
 Th. raschii - - + + - - + + 
 Euphausia pacifica + + 0.2 0.1 0.8 0.7 0.8 0.6 
 Tessarobrachion oculatus - - - - - - + + 
 Euphausiacea (juv., larvae) 1.3 0.5 0.1 + 1.2 1.0 0.3 0.3 
12. DECAPODA 0.7 0.3 0.5 0.2 1.6 1.3 1.7 1.4 
 Macrura gen.sp. (larvae) + + 0.1 + 0.2 0.1 0.1 0.1 
 Paracrangon echinata 0.3 0.2 0.3 0.2 0.8 0.7 1.0 0.8 
 Brachyura (st. zoea) + + + + - - - - 
 Brachyura (st. megalopa) 0.1 + 0.1 + 0.6 0.5 0.6 0.5 
 Chionoecetes opilio (zoea) - - - - + + - - 
 Anomura gen.sp. (st. zoea) 0.2 0.1 + + + + - - 
 Paguridae gen. sp. 0.1 + 0.1 + - - - - 
13. MOLLUSCA 0.6 0.2 0.3 + 0.5 0.5 0.6 0.4 
 Limacina helicina 0.1 + 0.1 + 0.1 0.1 0.2 0.2 
 Clione limacina 0.1 + 0.1 + 0.1 0.1 - - 
 Clione limacina (juv.) 0.1 + 0.1 + + + 0.1 + 
 Bivalvia (larvae) - - - - + + - - 
 Gastropoda (larvae) - - - - + + + + 
 Gonatidae (juv.) 0.3 0.2 - - 0.3 0.3 0.3 0.2 
14. CHAETOGNATHA 34.4 14.4 51.2 29.8 44.2 36.8 59.2 47.7 
 Parasagitta elegans 34.4 14.4 51.2 29.8 44.2 36.8 59.2 47.7 
15. TUNICATA  0.1 + + + + + + + 
 Oikopleura sp. 0.1 + + + + + + + 
16. PISCES + + + + 0.1 0.1 0.1 0.1 
 ova - - - - - - + + 
 larvae + + + + + + 0.1 0.1 
 Clupeidae gen. sp. (larvae) - - - - 0.1 0.1 - - 
 Myctophidae gen. sp. (juv.) - - - - - - + + 
17. INSECTA (imago) + + + + - - - - 
Total 242.9 100.0 172.7 100.0 120.1 100.0 124.0 100.0 
 Number of samples 32 30 44 50 
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Fig. 2. Proportion of dominant macroplankton species (% of biomass in 1 m3) in the east coast waters of Kamchatka during fall period,  
            2000 and 2002. (A – 1-15, September, 2000; B – 24, September - 8, October, 2000; C – 2-27, September 2002; D – 29, September - 18,  
            October, 2002). 
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Fig. 3. Distribution of total biomass of macroplankton in the east coast waters of Kamchatka during fall period, 2000 and 2002.  
            (A – 1-15, September, 2000; B – 24, September - 8, October, 2000; C – 2-27, September 2002; D – 29, September - 18, October, 2002). 
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Fig. 4. Distribution of total biomass of Coelenterata  in the east coast waters of Kamchatka during fall period, 2000 and 2002. 
            (A – 1-15, September, 2000; B – 24, September - 8, October, 2000; C – 2-27, September 2002; D – 29, September - 18, October, 2002).    
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Fig. 5. Distribution of total biomass of Copepoda  in the east coast waters of Kamchatka during fall period, 2000 and 2002. 
            (A – 1-15, September, 2000; B – 24, September - 8, October, 2000; C – 2-27, September 2002; D – 29, September - 18, October, 2002).    
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Fig. 6. Distribution of total biomass of Hiperiidea  in the east coast waters of Kamchatka during fall period, 2000 and 2002. 
            (A – 1-15, September, 2000; B – 24, September - 8, October, 2000; C – 2-27, September 2002; D – 29, September - 18, October, 2002).    
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Fig. 7. Distribution of total biomass of Euphausiacea in the east coast waters of Kamchatka during fall period, 2000 and 2002. 
            (A – 1-15, September, 2000; B – 24, September - 8, October, 2000; C – 2-27, September 2002; D – 29, September - 18, October, 2002).    
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Fig. 8. Distribution of total biomass of Decapoda (larvae)  in the east coast waters of Kamchatka during fall period, 2000 and 2002. 
            (A – 1-15, September, 2000; B – 24, September - 8, October, 2000; C – 2-27, September 2002; D – 29, September - 18, October, 2002).  

mg/m3 

<0.1

0.1-0.5

0.5-1.0

1.0-2.5

2.5-5.0

>5.0



 26 

 

 

 

 

 

 
Fig. 9. Distribution of total biomass of Pteropoda  in the east coast waters of Kamchatka during fall period, 2000 and 2002. 
            (A – 1-15, September, 2000; B – 24, September - 8, October, 2000; C – 2-27, September 2002; D – 29, September - 18, October, 2002).  
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Fig. 10. Distribution of total biomass of Chaetognatha in the east coast waters of Kamchatka during fall period, 2000 and 2002. 
              (A – 1-15, September, 2000; B – 24, September - 8, October, 2000; C – 2-27, September 2002; D – 29, September - 18, October, 2002).  
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Fig. 11. Variation of average biomass of hyperiids and euphausiids (in 0-100 m layer) during 
              day time (calculated by 2000 and 2002 data).  
 

 
 

Table 2. Total macroplankton stock (thousand tons) in the east coast waters of Kamchatka during 
               fall period, 2000 and 2002. 
  

1-15, Sept., 
2000 

24, Sept.-8, Oct., 
2000 

2-27, Sept.,  
2002 

29, Sept.-18, Oct., 
2002 

Survey No1 Survey No2 Survey No1 Survey No2 
 Components 
  
  th. tons  % th. tons % th. tons  % th. tons  % 
COELENTERATA 0.79 1.73 1.89 6.88 1.69 5.04 1.68 4.38 
POLYCHAETA 0.04 0.09 0.07 0.25 0.08 0.23 0.18 0.46 
COPEPODA 35.60 78.00 12.93 47.06 16.25 48.56 11.30 29.48 
AMPHIPODA 1.65 3.62 3.61 13.14 1.33 3.97 3.07 8.00 
EUPHAUSIACEA 0.66 1.45 0.38 1.39 1.61 4.81 3.12 8.15 
DECAPODA 0.14 0.30 0.09 0.33 0.46 1.39 0.52 1.35 
PTEROPODA 0.13 0.29 0.05 0.20 0.07 0.21 0.08 0.21 
CHAETOGNATHA 6.56 14.38 8.40 30.59 11.86 35.45 18.20 47.47 
Others 0.06 0.14 0.04 0.16 0.11 0.34 0.19 0.50 
Total (T) 45.63 100.00 27.50 100.00 33.46 100.00 38.34 100.00 
Studied areas 
(thousand km2) (P)  

183.73 165.47 280.50 302.63 

Ratio T/P 0.25 0.17 0.12 0.13 
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