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Species composition and long-term distribution of shrimp meroplankton in eastern part of Okhotsk Sea are 

described. Interannual and seasonal variability of qualitative and quantitative composition of shrimp 

meroplankton is discussed. Average abundance of larvae per station in different areas in spring varied within 

1–77.5 ind./m
2
, in first half of summer – 13.1–133 ind./m

2
, in September – 1–27 ind./m

2
. Larvae of genera 

Pandalus and Eualus were most abundant in April. In summer larvae of family Crangonidae dominated 

above shallow waters, and Pandalidae dominated above bottom deeper than 100 m. Maximum abundance 

(1410 ind./m
2
) was observed in July. Most of larvae develop in upper layer of pelagic zone. In spring larvae 

were found above bottom depths more than 300 m. In first half of summer main concentrations were above 

outer and middle shelf, in second half of summer – above inner shelf. Late stages inhabit above bottom 

depths no more than 40 m. 

 

Key words: shrimp, meroplankton, larvae, development, species composition, distribution, abundance, den-

sity, western Kamchatka shelf. 

 

 

INTRODUCTION 

 

Along Kamchatka coast inhabit 58 spe-

cies of carid shrimp (infraorder Caridea). Cur-

rently, only few species are caught in Kam-

chatka waters, because commercial reserves 

of most species have not been explored. 

Commercial species are pink shrimp 

Pandalus eous Makarov, 1935, humpy shrimp 

P. goniurus Stimpson, 1860, coonstripe 

shrimp P. hypsinotus Brandt, 1851, kuro 

shrimp Argis lar (Owen, 1839), sculptured 

shrimp Sclerocrangon boreas (Phipps, 1774), 

bering shrimp S. salebrosa (Owen, 1839), 

dokdo shrimp Lebbeus armatus (Owen, 1839) 

[Slizkin, 2006; Marin, 2013]. Expanding fish-

ery requires exploration and study of new 

stocks of shrimp from poorly studied areas 

[Kalashnikov, 1984; Koblikov et al., 2002]. 

Caridean shrimps are animals that form 

hemipopulations in plankton. Limiting role of 

environmental factors in shrimps at early 

stages of development is most pronounced 

[Konstantinov, 1986]. It is known that early 

pelagic period of shrimp life affects commer-

cial stock [Pedersen et al., 2002]. Comprehen-

sive study of early stages of development  

of shrimps is necessary to determine stability 

of ecosystem, especially in condition of cli-

mate change at high latitudes. 

Shrimps well known as dominant compo-

nent of epibenthic community due to their 

high abundance, density and biomass. They 

sometimes form up to 60–80% of biomass  

in shallow coastal waters, especially on sandy 

bottom without algae [Evans, Tallmark, 1985; 

Hostens, Hamerlynck, 1994; Hostens, 2000; 

Lapinska and Szaniawska, 2006; Neves et al., 
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2007; Campos, Van der Veer, 2008]. Almost 

all developmental stages of shrimp are food 

for many pelagic and benthic fish. In addition, 

crustaceans themselves have significant im-

pact on populations of commercial fish, eating 

their eggs and larvae, as well as juveniles of 

settling flounders [Edwards, Steele, 1968; 

Gibson et al., 1985; Van der Veer and Berg-

man, 1987; Modin, Pihl, 1996; Wennhage, 

Gibson, 1998]. Consequently, shrimp can act 

as structuring force in shallow benthic com-

munities [Evans, 1984; Reise, 1985; Mattila  

et al., 1990]. Comprehensive study of larval 

development of shrimp is necessary for pro-

tection and management of both their re-

sources and the resources of other commercial 

aquatic organisms. 

There is scarce data on distribution  

of shrimp larvae in seas of Russian Far East. 

Shrimp larvae of three families (Crangonidae, 

Pandalidae and Thoridae) are regularly found 

in plankton samples taken in eastern part  

of Okhotsk Sea. Larvae of many shrimps, es-

pecially of family Thoridae, not described. 

Development of larvae with shortened devel-

opment has been least studied. 

Aim of this study was to understand 

regularities of spatial distribution of cari- 

dean shrimp larvae in eastern part of 

Okhotsk Sea near western coast of Kam-

chatka peninsula, to characterize inte- 

rannual and seasonal variability of qualita-

tive and quantitative composition of shrimp 

meroplankton. 

 

MATERIALS AND METHODS 

 

Materials for this study were plankton 

samples collected according to Kamchatka 

Research Institute of Fisheries and Oceanog-

raphy (KamchatNIRO) scientific program in 

eastern part of Okhotsk Sea during period 

from 1999 to 2016. A total of 1151 samples 

were analyzed (Fig. 1, Table 1). 

 
 

Fig. 1. Scheme of plankton stations in eastern part of 
Okhotsk Sea carried out from 1999 to 2016. Dashed 

line shows division of area into northern, central and 

southern parts. Designations: 1 – 15 July–19 August 

1999, 2 – 6–30 September 1999, 3 – 9–29 April 

2001, 4 – 2 July–5 August 2001, 5 – 22–29 April 

2002, 6 – 15 July–12 August 2002, 7 – 3 September – 

10 October 2003, 8 – 31 July–11 August 2013, 9 –  

6 June–2 July 2015, 10 – 2 June–2 July 2016 

 

 

Samples were fixed in 4% formalin and 

bring to onshore laboratory. In each sample 

taxonomic composition of larvae and stages 

of their development, as well as number  

of larvae, were determined.  

This study used hydrological materials of 

cruise reports received in the corresponding 

period (KamchatNIRO archive). Hydrological 

observations were carried out at plankton sta-

tions using ASTD-102 RINKO sounding 

complex (JFE, Japan). Measurements of tem-

perature, pressure (bottom depth), electrical 

conductivity (salinity) were performed at in-

tervals of 0.5 m of depth in entire plankton 

collection layer. 
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Table 1. Stations, dates, depths, numbers of samples analyzed and shrimp larvae caught for this study 
 

Date 
Bottom depths, 

m 

Samples  

analyzed 

Samples with 

larvae 

Larvae caught, 

ind. 

15 July – 19 August 1999 15–300 85 68 910 

6–30 September 1999 26–1450 41 7 10 

9–29 April 2001 30–850 69 18 58 

2 July – 5 August 2001 15–210 107 79 1471 

22–29 April 2002 30–739 36 14 48 

15 July –12 August 2002 15–200 93 47 831 

3 September –10 October 2003 15–845 74 27 219 

31 July – 11 August 2013 12–568 84 30 216 

6 June – 2 July 2015 15–559 247 117 5108 

2 June – 2 July 2016 15–569 246 72 653 
 

 

The systematic position of species is deter-

mined taking into account modern databases 

(The World Register of Marine Species, 

Arcticmegabenthos, MarBEF Data System). To 

identify species of shrimp larvae we used guides 

and keys for Kamchatka marine waters [Sedova, 

Grigoriev, 2016, 2017a, 2017b; Sedova, 2019] 

and articles describing larvae of certain species 

[Ivanov, 1965, 1971; Makarov, 1966, 1967; 

Haynes, 1980, 1981, 1985; Squires, 1993; Sedo- 

va, Grigoriev, 2014, 2015; 2017с, 2018].  

Catches of shrimp larvae were indicated in 

specimens per m2 of sea surface. Due to small 

catches of larvae, their horizontal distribution  

in maps is given in averaged data for entire 

study period in the eastern part of Okhotsk Sea, 

implemented in period from 1999 to 2018. For 

convenience of presentation, entire study area 

was divided into three parts: northern (north  

of 56.2°N), central (53.7–56.2°N) and southern 

(south of 53.7°N). These boundaries are drawn 

similarly to the areas of averaging of data 

adopted in plankton and crab studies [Slizkin  

et al., 2001]. All samples were analyzed  

and species identified by N. Sedova. 

 

RESULTS 

 

Species composition, abundance  

and general distribution of shrimp larvae 

 

In samples collected in eastern part of the 

Okhotsk Sea, shrimp larvae of more than  

40 species belonging to three families: 

Crangonidae, Pandalidae, and Thoridae, were 

found (Table 2). Most of them are Pacific 

widespread boreal sublittoral or sublittoral-

bathyal species. Species Eualus suckleyi 

(Stimpson, 1864), E. belcheri (Bell, 1855), 

Lebbeus armatus (Owen, 1839), Neocrangon 

communis Rathbun, 1899, Pandalus goniurus 

Stimpson, 1860, Spirontocaris arcuata 

Rathbun, 1902, and S. intermedia Makarov 

and Kobjakova, 1936 are arctic-boreal. Spe-

cies E. pusiolus (Kröyer, 1841), E. macilentus 

(Kröyer, 1842), and S. phippsi (Kröyer, 1841) 

distributed сircumpolarly. Argis dentata 

(Rathbun, 1902) – amphiboreal species. 

Shrimp larvae were found in samples 

from March to October. In April most abun-

dant were P. eous Makarov, 1935 and repre-

sentatives of genus Eualus. In summer above 

shallow depths prevailed in numbers larvae of 

species N. communis, Crangon dalli Rathbun, 

1902, and C. septemspinosa Say, 1818, and 

above bottom depths over 100 m prevailed  

P. eous and P. goniurus. In autumn prevailed 

C. dalli, C. septemspinosa, and Eualus spp.  

In spring larvae were more abundant in south-

ern part, in summer and autumn occurrence 

was approximately equal in all areas. General 

distribution of shrimp larvae of all species for 

entire study period by season is shown in Fig. 2. 

Distribution of larvae of commercial shrimp 

species is given separately (Fig. 3). 
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Table 2. List of species of shrimp larvae in eastern part of Okhotsk Sea examined in this study, including bottom depth, 

maximal abundance, and zoeal stages. Designations: dec – decapodid stage, 0 – larvae not found, dash – no data 

 

Species, taxons 

April – May June – August September – October 

Bottom 

depth,  

m 

Max. 

abund., 

ind./m2 

Zoeal 

stages 

Bottom 

depth,  

m 

Max. 

abund., 

ind./m2 

Zoeal 

stages 

Bottom 

depth, 

m 

Max. 

abund., 

ind./m2 

Zoeal 

stages 

Pandalidae          

Pandalus eous 300–350 20 I 11–307 110 I–VIII 58 2 VII 

P. goniurus 550 2 I 11–145 316 I–VII – 0 – 

P. hypsinotus – 0 – 26–106 2 V – 0 – 

P. tridens – 0 – 21–154 8 I–III – 0 – 

          

Crangonidae          

Crangon 

septemspinosa 

– 0 – 15–50 78 

I,II,V 

15 34 II–V 

C. dalli  – 0 – 5–32 1118 I,II,V 50–120 46 I–dec 

Mesocrangon 

intermedia 

– 0 – 5–91 600 I–V, dec – 0 – 

Neocrangon 

communis 

– 0 – 5–91 402 

I–V, dec 

50–120 52 I–dec 

Rhynocrangon sp. 300–850 6 I 145 2 II – 0 – 

Argis crassa  0  30.5–80 4 I,II – 0 – 

A. lar  0  15–80 4 II–III – 0 – 

A. ovifer  0  20–27 2 II – 0 – 

A. dentata  0  30–58 2 I,II – 0 – 

          

Thoridae          

Spirontocaris 

phippsi 

– 0 – 16–100 6 III–V – 0 – 

S. ochotensis – 0 – 18–25 14 IV – 0 – 

Eualus fabricii – 0 – 11–41 4 III,IV – 0 – 

E. belcheri – – – 31–79 10 II–III – – – 

E. barbatus  350–850 10 I – – – – – – 

E. macilentus – – – 40 40 I – – – 

E. spp. 300–850 16 I–IV 10–348 842 I–V, dec – 0 – 

Birulia sp. – 0 – 18–31 4 II, III – 0 – 

Lebbeus armatus – 0 – 358 2 II – 0 – 

 

 

 
 

Fig. 2. Generalized distribution of shrimp larvae of all species during entire study period from 1999 to 2016  

by seasons: A – spring, B – summer, C – fall. Legend: numbers of larvae per m2 
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Fig. 3. Generalized distribution of larvae of commercial shrimp species during entire study period from 1999 to 

2016 (all seasons): A – Pandalus eous, B – Pandalus goniurus. Legend: numbers of larvae per m2 

 

 

Larvae of family Crangonidae of species 

Crangon septemspinosa, C. dalli, Neocrangon 

communis, and Mesocrangon intermedia were 

widespread and abundant (Fig. 4). 

Shrimp larvae of species Pandalus 

hypsinotus and P. tridens (family Pandalidae), 

Eualus fabricii, E. belcheri, Spirontocaris 

phipsi, S. ochotensis, and Lebbeus armatus 

(family Thoridae), Argis crassa, A. dentata, 

A. lar, and A. ovifer (family Crangonidae) 

were rarely found in samples. Places of cap-

ture of rare shrimp larvae are shown in Fig. 5. 

Shrimp larvae were found above bottom 

depths of 9 to 800 m throughout entire of the 

study area. In April, larvae were caught be-

yond western Kamchatka shelf. Abundance  

of larvae in spring and in second half of 

summer in southern part was, as a rule, higher 

than in central and northern parts of study ar-

ea. Exception was extremely cold 2001 

[Luchin, Matveyev, 2016], when in north av-

erage abundance was slightly higher (Table 3). 

In summer, larvae were caught closer to coast, 

over middle and inner shelf. In first half  

of summer, in warmest 2015, largest number 

of larvae was in north (average abundance 

70.9 ind./m2). In autumn, no larvae were 

found above depths of more than 200 m.  

In September most of them were concentrated 

over bottom depth of 30–50 m. 

In March – April larvae were caught 

over high depths far from coast. In the ex-

tremely cold 2001, the larvae were recorded 

exclusively outside the shelf, above depths 

of more than 300 m. In spring, larvae were 

found in samples regularly (in 57.6% of all 

samples), but in small numbers. In temperate 

2002, single larvae of P. eous were observed 

in northern part above bottom depths 50–80 m. 

Early larvae of P. eous and Eualus spp. were 

caught in 70% of samples in central and 

southern parts of study area above bottom 

depth 100–200 m. Larvae of these species 

were present in 83.8% of samples collected 

over bottom depth of more than 200 m  

(Table 4).  

Shrimp larvae were found above all bot-

tom depths in first half of summer. In June 

2015 main stock of larvae concentrated over 

depth of 50–150 m (occurrence in samples 

33–85.7%). In 2016 occurrence was some-

what lower than in warm years. Larvae of 

coastal crangonids and thorids (genera Argis, 

Spirontocaris) were caught close to coast. 
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Fig. 4. Generalized distribution of abundant larvae of family Crangonidae during entire study period from 1999 to 

2016 (all seasons): A – Crangon septemspinosa, B – Crangon dalli, C – Neocrangon communis, D – Mesocrangon 

intermedia. Legend: numbers of larvae per m2. Maximum catches were only in single stations, therefore they were 

not signify in distribution schemes 
 

 

 
 

Fig. 5. Locations of rare shrimp larvae of families Pandalidae (A), Crangonidae (B), and Thoridae (C) during en-
tire study period from 1999 to 2016 (all seasons) 
 
 

Table 3. Average numbers of shrimp larvae in eastern part of Okhotsk Sea, numbers of larvae per m2 
 

Month of survey Year of survey 
Conditional parts of western Kamchatka shelf 

North Central South 

April 2001 1.0 3.0 7.5 

 2002 1.2 3.3 8.4 
     

June – July 2014 2.7 2.8 0 

 2015 70.9 12.5 29.9 

 2016 25.1 7.0 20.6 
     

July – August 1999 45.7 42.3 85.1 

 2001 45.7 32.9 30.5 

 2002 53.6 15 133.0 

 2013 13.1 16.5 0 
     

September 1999 10.0 0 4.0 
     

September – October 2003 27.0 18.8 12.0 
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Table 4. Occurrence of shrimp larvae in samples (% of total number of samples) 
 

Month of survey Year of survey 
Conditional parts of western Kamchatka shelf 

North Central South 

April 2001 2.9 25.0 42.9 

 2002 2.0 27.3 55.6 
     

June – July 2014 68.0 75.0 0 

 2015 57.1 67.2 77.4 

 2016 40.0 23.5 25.6 
     

July – August 1999 100 71.4 17.4 

 2001 19.4 62.1 53.1 

 2002 36.0 56.8 50.0 

 2013 60,0 48.4 0 

 1999 43.0 0 15.4 

September 2003 100.0 50.0 48.0 
 

 

Distribution of shrimp larvae in spring 

 

In spring samples were collected in April 

2001 and 2002. Shrimp larvae were found 

beyond shelf above bottom depths up to 400 m 

in both northern and southern parts of study 

area. Most of them were zoeae of Eualus spp. 

(their density not exceed 22 ind./m2). Besides 

Eualus spp., single zoeae P. eous, P. goniurus, 

and Rhynocrangon sp. were caught. All larvae 

were in their early zoeal stages. In April, the 

largest accumulations were observed in 

southern part of study area (above bottom 

depths 500–800 m) and slightly less in north – 

above bottom depths higher than 300 m. 

In north and south of study area along 

western Kamchatka larvae in similar stages of 

development were caught in different distanc-

es from coast and above different bottom 

depths. This fact can be explained by complex 

system of currents and existence of water cir-

culations over western Kamchatka shelf. 

Conditional regions of study differed 

somewhat in species composition of larvae.  

In northern part only 2 species were found:  

P. eous and Eualus sp. In 2001 zoeae I–II of 

Eualus sp. were caught in 5.9% of all samples 

with density no more than 8 ind./m2. In 2002 

only one larva P. eous was caught. 

In April in central part of study region sin-

gly larvae were caught and they were found  

in 25% of samples. Few larvae of P. eous and  

P. goniurus were caught above bottom depths 

300–350 m. In 2002 above bottom depths 

125–405 m, species of genus Eualus were of-

ten caught, which accounted for about 60% of 

all larvae caught at that time. Remaining 40% 

were larvae of P. eous zoeal stages I–II. 

In April in southern part of study region 

larvae were found in about half of samples.  

In 2001 dominant species of genus Eualus, 

which accounted for 80% of the number.  

In 2001 unidentified species of genus Eualus 

dominated, which accounted for 80% of all 

number. These species formed small aggrega-

tions (up to 22 ind./m2) above bottom depth 

600–700 m. Occurrence was slightly higher  

in warmer 2002, and zoea I of P. eous were 

83.3% of all larvae. Density of larvae above 

bottom depths 236–630 m was no more than 

20 ind./m2. Most of larvae were caught above 

maximum bottom depths. 

 

Distribution of shrimp larvae  

in early summer 

 

In June and July 2015 and 2016 larvae of 

three families were caught: Pandalidae, 

Thoridae, and Crangonidae. Larvae of 4 spe-

cies of family Pandalidae were found: 

Pandalus eous, P. goniurus, P. hypsinotus 

Brandt, 1851, P. tridens Rathbun, 1902.  
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The most abundant larvae were P. goniurus, 

which were present in 64.5% of all samples 

where larvae of this family were found in that 

period. Larvae of P. eous composed 34.4% of all 

pandalids. Larvae of P. hypsinotus and P. tridens 

were appeared in samples sporadically. Zoea  

of these species were found above bottom depths 

of 15 to 458 m throughout entire study area. 

Family Thoridae was represented by mul-

tiple species of two genera: Spirontocaris and 

Eualus. These larvae were caught above bot-

tom depths of 14 to 430 m throughout entire 

study area. Most abundant were larvae of ge-

nus Eualus, which were found in 63.0% of all 

samples, where thorids occur. Representatives 

of genus Spirontocaris were found, respec-

tively, in 43.6% of samples family Thoridae. 

Larvae of different zoeal stages of 7 spe-

cies of family Crangonidae were caught: 

Argis crassa (Rathbun, 1899), Argis lar (Ow-

en, 1839), Argis ovifer (Rathbun, 1902), 

Crangon dalli, Mesocrangon intermedia, Neo- 

crangon communis, Rhynocrangon sp. These 

larvae were caught above bottom depths of 11 

to 430 m throughout study area. Most abundant 

were zoea of N. communis, which occurs  

in 56.6% of all samples with crangonids.  

M. intermedia was found slightly less frequently 

– in 34.7% of samples, respectively. Larvae of 

A. crassa, A. lar, A. ovifer, and Rhynocrangon 

sp. appeared sporadically in samples 

Dominated by abundance were: in northern 

part of study area: P. goniurus and Eualus spp., 

in central part P. eous, P. goniurus, Eualus spp., 

and M. intermedia, in southern part P. eous,  

C. dalli, N. communis, and Eualus spp. 

Larvae of most species of larvae (80.2% 

of all samples in early summer) were ob-

served mainly above bottom depths from 14 

to 100 m. Largest abundance was in north  

of study area. Numbers of larvae, as a rule, 

were no more than 60 larvae per m². In some 

cases accumulations of N. communis, 

P. goniurus, and Eualus spp. were observed 

up to 180 ind./m². When moving from coast, 

starting from a 30-meter depth, number of 

larvae increased sharply, and when it reached 

depth of 100 m, it declined noticeably. 

Shrimp larvae were found in 80.2% of all 

samples above depths of 14 to 458 m 

throughout the entire study area. Maximum 

concentrations in one station, formed due to 

large number of Eualus spp. (1410 ind./m2) 

were found in 2015 in beginning of July 

above bottom depth 40 m in northern part of 

study area. Accumulation of larvae of C. dalli 

(1124 ind./m2) was observed in mid-July 

above bottom depth of 15 m in southern part. 

Larvae of Eualus spp. formed maximum ac-

cumulation (106 ind./m2) over bottom depth 

of 40 m in central part. Larvae of families 

Crangonidae and Thoridae formed largest ag-

gregations in northern part of study area. 

Compared to 2015, in 2016 number of 

shrimp larvae was lower throughout study 

area (Fig. 6). Maximum aggregations (up to 

158 ind./m2) were found in northern and 

southern parts above bottom depth of 60–72 m 

due to P. goniurus, whose larvae were espe-

cially abundant in samples in this year.  

In northern part average density of all larval 

species did not exceed 22 ind./m2. In north 

larvae of the current carry them further from 

the coast, where they met to a depth of 464 m. 

In north, larvae drifted further from coast, 

where occur to bottom depth of 464 m. 

Larvae of P. eous were caught along en-

tire western coast of Kamchatka above bottom 

depths of 200–500 m. Much abundance  

(68 ind./m2) was recorded near southwestern 

coast close to 200-m isobath. 

 

Distribution of shrimp larvae in late summer 

 

Larvae of P. eous, P. goniurus, C. dalli,  

C. septemspinosa, N. communis, M. intermedia, 

and Eualus spp. appeared regularly in samples in 

second half of summer. Larvae of species of 
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family Crangonidae were most abundant. Larvae 

at all stages of development were found. Zoeal 

stages I and II were observed more frequently. 

In July – August in northern part of west-

ern Kamchatka shelf larvae of N. communis 

dominated. However in some years (2002 and 

2013) Eualus spp., M. intermedia, C. dalli, 

and P. goniurus dominated. In 1999 large con-

centrations of larvae were not found (maximum 

was 78 ind./m2 over bottom depth of 32 m). 

Mass accumulation of larvae of C. dalli and 

N. communis (up to 436 ind./m2) was ob-

served in 2001 over bottom depth of 30 m.  

In 2002 3 species: C. dalli, C. septemspinosa, 

and M. intermedia formed two large clusters 

of larvae (over 1000 ind./m2 of sum of these 

species). No significant accumulations of lar-

vae were found in 2013.  

 

Distribution of shrimp larvae in fall 

 

In September most larvae were found 

above depths less than 50 m. Above bottom 

depths higher than 50 m few larvae were 

found. In 1999, only late larvae were caught, 

and in 2003 earlier zoeal stages were found 

too. All larvae caught in September were 

mainly in last stages of development. In 1999 

plankton was caught mainly above bottom 

depths of more than 100 m; therefore larvae 

were found much less than in 2003. In north-

ern part larvae of P. eous, M. intermedia,  

N. communis, Eualus spp., and C. dalli were 

found. In 1999 above bottom depth 68 m, 

about 40% of all species in samples were spe-

cies of genus Eualus (up to 20 ind./m2).  

In 1999 no larvae were found in central 

part of study area. In 2003 over bottom depth 

40 m abundance of 124 ind./m2 was observed, 

consisting of larvae of three species: C. dalli, 

C. septemspinosa, and N. communis. Larvae of 

C. dalli dominated in south of study area. Lar-

vae of this species of all zoeal stages formed 

small aggregations (up to 46 ind./m2) over 

shallow water. In 1999 only single larvae of  

C. septemspinosa and N. communis were caught. 

 
 

 
 

Fig. 6. Average density of caridean shrimp larvae in eastern part of Okhotsk Sea in June 2015 and 2016 (A), in July-

August 1999, 2001, 2002, and 2013 (B) and in September 1999, and 2003 (C). Vertically: numbers of larvae per m2 
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DISCUSSION 

 

Analyzed samples contained shrimp lar-

vae at different stages of development. Four 

species (P. eous, P. goniurus, M. intermedia, 

and N. communis) were represented in almost 

all stages of development, but late zoeal stag-

es were most often found. Two species 

(Rhynocrangon sp. and P. tridens) were rep-

resented only by earliest zoea. Species of ge-

nus Argis were represented only by latest lar-

vae. Development of these species is short, 

and therefore, in June-July their larval devel-

opment completed. Larvae of M. intermedia, 

N. communis, P. goniurus, P  eous, and 

Spirontocaris spp. were most widespread. 

Maximum larval abundance was observed  

in northern stations due to accumulations of 

N. communis and complex species of genus 

Eualus. Species diversity in northern part was 

less, because P. tridens C. dalli, A. crassa,  

A. lar, A. ovifer, and Rhynocrangon sp. were 

absent in that area. Our data on distribution  

of larvae of P. eous in latitudes and depths 

corresponding to data of Mikhailova [2014] 

for adults. 

In central part of study area zoeae of  

N. communis were most abundant in cold 

years, in temperate years C. dalli and  

C. septemspinosa (in 2002) or P. goniurus (in 

2013) were most abundant. In 1999 and 2001 

maximum accumulations of N. communis 

(530 and 200 ind./m2) were found over bot-

tom depths of 20 and 50 m, respectively.  

In 2002 zoea of M. intermedia up to  

700 ind./m2 were caught above bottom depth 

15 m. In 2013 no significant accumulations of 

larvae were found. 

In southern part of study area zoea of  

N. communis were also abundant. In addition, 

there P. goniurus were abundant in cold 

years, and C. dalli and C. septemspinosa  

in temperate years. In 1999, one significant 

aggregation of larvae of C. septemspinosa 

was found over bottom depth of 15 m.  

In 2001 larvae of Eualus spp. formed accumula-

tion (400 ind./m2) over bottom depth of 15 m. 

Autumn collections were poor. Almost all 

larvae were caught in night time. Only excep-

tions were two specimens of V zoeal stage of 

N. communis caught during daytime. It is 

known that larvae of this species in late stages 

inhabit in bottom layers of pelagic zone, and 

only at night rise to surface [Ouellet, Allard, 

2006; Armstrong et al., 1981; Criales, Mc 

Gowan, 1994]. Scarcity of collections during 

this period was also due to grid of stations 

was more sparse, plankton was caught only  

in upper layers. In addition, in autumn larval 

development of most shrimp species was al-

ready been completed. 

In September, in cold years larvae were 

caught above bottom depths no more than  

80 m. Few pandalid larvae were caught far-

ther from coast in warmer years. Most of lar-

vae were caught in coastal waters. Shrimp 

larvae were found in 20% of samples above 

bottom depth of 101–200 m. 

Distribution of shrimp larvae above bot-

tom depths depends on water temperature and 

season. In spring larvae hatch into plankton, 

usually above ocean depths, and by autumn 

they migrate to shallow water. In cold years  

in eastern part of Okhotsk Sea in spring larvae 

were caught exclusively above bottom depths 

of more than 200 m, in moderate years – 

above of more than 100 m, i.e. closer to shore 

(Table 5). In first half of summer larvae were 

more abundant above depths less than 200 m. 

In temperate years larvae were most often 

caught above shallow depths (up to 50 m), 

less often – above bottom depth 50–100 m.  

In second half of summer, in cold and tem-

perate years, most of larvae were caught 

above bottom depth less than 100 m. 

In September most of shrimp larvae were 

caught above bottom depth less than 50 m.  

In autumn larvae were absent outside shelf.  
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In second half of summer similar picture was 

observed: in cold years there were practically 

no larvae outside shelf, but in temperate years 

they were present in small numbers in third of 

samples taken above these depths. In July-

August above bottom depths of 100–200 m in 

cold years larvae were caught only in southern 

part, and in temperate years, in all parts of 

study area. In spring larvae develop above high 

depths, and in summer main stock of larvae in 

eastern part of Okhotsk Sea was concentrated 

above depths of 70–100 m. In September al-

most all larvae were concentrated over bottom 

depths less than 50 m. Thus, so-called "larval 

belt" is formed in different seasons over differ-

ent bottom depths (Fig. 7). 

CONCLUSIONS 

 

In spring, larvae were present in 2–55.6% 

of samples, in first half of summer –  

in 23.5–67.2%, in second half of summer  

in 17.4–100% of samples, in September – 

from 15.4 to 100% all analyzed samples  

of corresponding period. Mass development 

of larvae occurs, as a rule, from May to Au-

gust, but in some years timing may shift. 

Maximum duration of development was  

observed for species that hatch in spring 

over high bottom depths. In the same spe-

cies late larvae develop 1.5–2 times faster 

than early ones. 

 

 

Table 5. Frequency of occurrence of caridean shrimp larvae above different bottom depths in eastern part of 

Okhotsk Sea (% of samples) depending on temperature type of years. Dash indicates no data 

 

Month 

Year type 

(after Luchin & 

Matveyev, 2016) 

Vertical distribution of larvae 

Above 50 m Above 100 m 101–200 m 
Deeper than 

200 m 

April Cold – 0 0 57.6 

 Temperate – 2.0 50.0 83.8 
      

June-July Temperate 87.5 50.0 49.3 30.0 

 Warm 75.0 76.9 62.8 47.1 
      

July-august Cold 92.9 85.8 2.2–60.2 1.2 

 Temperate 74.4 50.0 0–59.2 14.0 
      

September Cold – 33.3 2.1 0.5 

 Temperate 71.9 12.0 20.0 0 

 

 

 
 

Fig. 7. Scheme of the larval belt above western Kamchatka shelf in cold years (1), moderate years (2), and warm 

years (3). A – April, B – June, C – July, D – September 
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Larval development occurs mainly over 

middle and inner shelf. Abundance of larvae 

varies over different bottom depths. Maximum 

concentrations of shrimp larvae over Western 

Kamchatka shelf were about 500 ind./m2. Lar-

vae of species of family Crangonidae pre-

vailed. Maximum concentration of shrimp 

larvae (1410 ind./m2) was found in 2015  

in early July in northern part of study area. 

Average abundance of larvae in one station 

varied in spring within 1–8.4 ind./m2, in first 

half of summer – 2.7–70.9 ind./m2, in second 

half of summer – 13.1–133, in September – 

from 0 to 27 ind./m2. 

As development progresses, larvae begin 

gradually migrate to coast, using compensatory 

sea currents or moving along large gyres. In first 

half of summer, lot of shrimp meroplankton 

appears first in outer zone of shelf waters, and 

by end of summer, in inner zone above bottom 

depth 50–70 m. By end of metamorphosis, they 

usually find themselves over suitable for sub-

sidence bottom depths. Subsidence of 

decapodid stages occurs, as a rule, in benthos 

with bottom depths no more than 50 m. 

In spring larvae were found above bottom 

depths of more than 300–400 m, in first half 

of summer, main concentration were in zone 

of outer and middle shelf, in second half of 

summer –above inner shelf. In autumn larvae, 

as a rule, were found above bottom depths 

less than 50 m. Decapodid stages inhabit  

in bottom layer above depths less than 40 m. 

Distribution of shrimp meroplankton over 

study area is uneven. One of reasons is impact 

of surface currents and cyclonic gyres. Hydro-

logical fronts can have significant impact to 

distribution in plankton and recruitment of 

benthos shrimp hemipopulation. Activity of 

larvae can affect their distribution. Larvae can 

change horizon of their habitat, as well as 

make horizontal movements within gyres. 

− Distribution of shrimp meroplankton 

over study area is uneven. Mass development 

of larvae occurs, as a rule, from May to Au-

gust, but in some years timing may shift. 

− Maximum concentrations of shrimp lar-

vae were about 500 ind./m2. Larvae of species 

of family Crangonidae prevailed. Maximum 

concentration of shrimp larvae (1410 ind./m2) 

was found in 2015 in early July. 

− As development progresses, larvae 

begin gradually migrate to coast, using 

compensatory sea currents or moving along 

large gyres. 
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