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Abstract 

This paper reports on a study of trawl bycatch in the western Bering Sea based on catch data obtained from 

nine bottom trawl surveys (a total 365 bottom trawl stations) and commercial fishing operations (a total 980 bottom 

trawl hauls) between 1995 and 1998. Minimum catch rates of non-commercial bycatch were registered west of 

170°E and east of 180°while maximum catch rates were observed between 171-172°E, 173-175°E and 177-178°E. 

Minimum bycatch rates were observed at depths of less than 150 m while the proportion of non-commercial bycatch 

increased with depth and reached its maximum value at depths over 650 m. The maximum bycatch rates were 

observed in May and November and minimums were observed in December. The maximum bycatch rates were 

registered from 13:00 to 18:00. Minimum proportions of bycatch occurred between 19:00 and 24:00. Among the 

bycatch species, grenadiers may be used for canned liver and eggs and their flesh may be processed to human or 

animal food and probably to surimi. Skate wings are suitable for human consumption. Sculpins and eelpouts are 

suitable for processing to canned fish or human food. The remainder of the non-commercial bycatch species except 

for snailfishes may be processed to fish powder. 

Introduction 

The term bycatch commonly refers to that part of the catch that is not composed of the 

desirable individuals of the target species. Bycatch includes those fish captured that are 

undersized individuals of the target species, prohibited or inedible species or those unsalable. 

Different parts of the bycatch are sometimes called trash, discard and incidental catch. Global 

estimates of discarded fish ranged from 7.3 to 39.5 million tonnes per year, constituting roughly 

from 8% to one-third of the total marine catch (Alverson, 1996, 1997; Kelleher, 2005). Bycatch 

is a world economic, environmental, and political problem (Alverson and Hughes, 1996; 

Alverson, 1999; Hall et al. 2000). 

Bycatch problems attracted the attention of society as demonstrated by the number of 

specific meetings organized by national and international governmental and non-governmental 

organizations (Dewees and Ueber, 1990; Schoning et al. 1992; Alverson et al. 1994; Baxter and 

Keller, 1996, 1997; Grainger, 1997; Alverson, 1996, 1997; Malchoff, 1999). 
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The problem of reducing bycatch began to be addressed relatively recently, though most of 

this work has to do with the improvement of fishing gear and development of bycatch reduction 

devices (Perra, 1992; Hickey et al. 1993; Kennely and Broadhurst, 1998; Broadhurst et al. 2002; 

Fonteyne and Polet, 2002; Davis, 2002). Only a few recently published papers deal with the 

more complete utilization of the species caught incidentally by way of developing processing 

techniques (Feidi, 1989; Clucas, 1999; Isaac and Braga, 1999). Other biological and behavioral 

aspects of the problem have been examined to a lesser extent (Adlerstein and Trumble, 1993; 

Anderson and Clark, 2002; Walker et al. 2002).  

Although our knowledge of discards in world fisheries has increased rapidly in the past two 

decades, quality and detailed information is still lacking for many regions of the world 

(Alverson, 1996). The highest quantities of discards are from the northwestern Pacific and the 

largest bycatches occur in groundfish trawl and shrimp trawl fisheries (Alverson, 1997; Kelleher, 

2005). Until recently bycatch studies of bottom trawl fisheries of the northwestern Pacific were 

scarce. In Russian waters of the Far East seas such investigations are at the initial stage only 

(Vinnikov and Terentiev, 1999; Ermakov, 2002; Ermakov and Karyakin, 2003; Ermakov and 

Badayev, 2005; Terentiev and Vasilets, 2005; Orlov, 2008). 

This paper is based on the author’s own study and provides some possible approaches to 

the solution of bycatch reduction problem by the example of multispecies bottom trawl fishery in 

the western Bering Sea, the northwestern Pacific Ocean, Russia. The objectives of this study are 

to optimize the areas, depths, seasons and time of fishing in terms of minimizing the non-

commercial bycatch and to identify prospective fishing species which are not being utilized at 

present, and to specify procedures for their processing. 

Materials and Methods 

This paper is based on catch data obtained from nine bottom trawl surveys (a total 365 

bottom trawl stations) and commercial fishing operations (a total 980 bottom trawl hauls) 

between 1995 and 1998 conducted in the western Bering Sea. The total area investigated was 

between 59°14´N and 61°01´N and between 166°19´E and 17829´W (Fig. 1). Catch data were 

obtained from three chartered commercial Japanese trawlers (Tenyumaru 57, Tenyumaru 78 and 

Kayomaru 28). Fishing was conducted 24 hr a day at depths between 111-675 m. Commercial 

types of polyethylene bottom trawl nets with 100 mm mesh size in cod-end were used. The trawl 

mouth, 25-30 m wide and 5-7 m high, was rigged with a steel and rubber ball roller; the mean 

trawl speed was 3.6 knots. In this study, only samples from successful trawls were used for 

analysis. This meant that the horizontal and vertical dimensions of the trawl mouth were within 

the normal range, the roller was constantly in contact with the bottom, the net suffered little or no 

damage during the tow, and no derelict fishing gear was encountered. Most trawls were made 

along isobaths. Trawls in which the depth varied considerably were excluded from the analysis. 

Since the duration of the hauls varied notably (0.5-1.0 hr during bottom trawl surveys and up to 

19 hr, usually 9-11 hr during commercial fishing operations), all catches were subsequently 

adjusted for trawl time and catch rates calculated for standard 1 hr hauls. During the bottom 

trawl surveys the whole catch was analyzed. During commercial fishing operations, 
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representative random sub-samples were taken from each trawl catch. These sub-samples were 

taken from different parts of the catch for analysis (2-3 baskets were selected from the conveyer 

belt at the beginning, middle, and the end of catch processing), and sorted by species; 

subsequently individuals were counted and weighed. The rest of the catch was examined on the 

conveyer belt to identify species not found in random sub-samples. The results were extrapolated 

to the total catch. Catch and bycatch were recorded and species identification was made by 

scientists of various research institutes that took part in the joint research program. Three 

categories of fish catch were designated, namely: commercially important species (target species 

and commercial bycatch), prospective unmarketable species (species that are presently not 

marketed but that may have future potential) and non-commercial bycatch species. For each 

category, the percentage of the total catch weight was calculated. Those data were used for 

further analysis. To detect fine local differences in catch composition, the study area was divided 

into sections spanning 1° in longitude and encompassing the full inshore-offshore extent of the 

fishery within each 1 section. Data on appropriateness of currently unmarketable species for 

direct consumption and processing in human, pet and animal food were obtained from published 

and internet sources, observations aboard Russian and Japanese trawlers, conversations with 

some fisheries managers, and observations in Japanese fish restaurants. 

 

Fig. 1. Locations of bottom trawl stations in the western Bering Sea, 1995-1998 (thin lines show 500 and 

1000 m isobaths). 

Results and Discussion 

The waters of the western Bering Sea feature a great diversity of species. From the 

Russian waters of the western Bering Sea, 318 fish species are known (Parin, 2004). In the 

present study, about 90 groundfish species were recorded in bottom trawl catches, of which 19 

are of commercial importance (Table 1). By weight, these species comprised 69.1% of the total 

bottom trawl catch (Fig. 2). Five species are objects of specialized bottom trawl fisheries, namely 

walleye Pollock (Theragra chalcogramma), Pacific cod (Gadus macrocephalus), Pacific 

halibut(Hippoglossus stenolepis), Pacific black halibut (Reinhardtius hippoglossoides 
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matsuurae), and red squid (Berryteuthis magister). Other, non-target species were considered in 

four categories, namely deepsea fishes, commercial bycatch, prospective species, and non-

commercial bycatch. The species complex of a specialized deepwater fishery comprises at least 

eight species: shortraker rockfish (Sebastes borealis), blackspotted rockfish (S. melanostictus), 

broadbanded thornyhead (Sebastolobus macrochir), shortspine thornyhead (S. alascanus), 

Kamchatka flounder (Atheresthes evermanni), arrowtooth flounder (A. stomias), sablefish 

(Anoplopoma fimbria), and roughscale sole (Clidoderma asperrimum). Some species caught in 

small quantities constitute commercially marketable bycatch that includes at least seven species: 

Pacific ocean perch (Sebastes alutus), Pacific herring (Clupea pallasii), Atka mackerel 

(Pleurogrammus monopterygius), rex sole (Glyptocephalus zachirus), flathead sole 

(Hippoglossoides elassodon), northern rock sole (Lepidopsetta polyxystra), and Alaska plaice 

(Pleuronectes quadrituberculatus). Species that are presently virtually unutilized but that have 

prospects for use comprise about 27% of the catch weight. These species are Pacific sleeper 

shark (Somniosus pacificus), softnose skates (Arhynchobatidae), grenadiers (Macrouridae), 

eelpouts (Zoarcidae), large sculpins (Cottidae), prowfish (Zaprora silenus), and large poachers 

(Agonidae). About 1.5% of the catches that came from the study area are non-commercial 

species. These are snailfishes (Liparidae), small sculpins (Cottidae), soft sculpins 

(Psychrolutidae), small poachers (Agonidae), lumpsuckers (Cyclopteridae) and some other 

species. 

Table 1. Composition of catches (% by weight) during bottom trawl surveys and commercial fishing operations in 

the western Bering Sea, 1995-1998. 

 

Common name Scientific name Proportion of catch, % 

Target Species 
Walleye pollock Theragra chalcogramma 31.2 

Pacific cod Gadus macrocephalus 2.5 

Pacific halibut Hippoglossus stenolepis 5.5 

Pacific black halibut Reinhardtius hippoglossoides matsuurae 5.5 

Red squid Berryteuthis magister 15.8 

   

Deep Sea Fishes 
Shortraker rockfish Sebastes borealis 8.6 

Blackspotted rockfish S. melanostictus 

Broadbandedthornyhead Sebastolobus macrochir 

Shortspinethornyhead S. alascanus 

Kamchatka flounder Atheresthes evermanni 

Arrowtooth flounder A. stomias 

Sablefish Anoplopoma  fimbria 

Roughscale sole Clidoderma asperrimum 

   

Commercial Bycatch 
Pacific ocean perch Sebastes alutus 2.8 

Pacific herring Clupea pallasii 

Atka mackerel Pleurogrammus monopterygius 

Rex sole Glyptocephalus zachirus 

Flathead sole Hippoglossoides elassodon 

Northern rock sole Lepidopsetta polyxystra 

Alaska plaice Pleuronectes quadrituberculatus 

   

Prospective Species 
Pacific sleeper shark Somniosus pacificus 26.8 

 

 

Deepwater skates Arhynchobatidae 

Grenadiers Macrouridae 
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Table 1. (contd.)   

Eelpouts Zoarcidae  

Large sculpins Cottidae 

Prowfish Zaprora silenus 

Large poachers Agonidae 

 

Non-Commercial Bycatch 
Snailfishes Liparidae 1.4 

Lumpsuckers Cyclopteridae  

Soft sculpins Psychrolutidae  

Small sculpins Cottidae  

Pricklebacks Stichaeidae  

Small poachers Agonidae  

 

 

 

 

Fig. 2. Composition of bottom trawl catches (% by weight) in the western Bering Sea, 1995-1998 (WP – walleye 

pollock, PC – Pacific cod, PBH – Pacific black halibut, PH – Pacific halibut, RS – red squid, DSF – deepsea 

fishes, CBC – commercial bycatch, PS – prospective species, NBC – non-commercial bycatch). 

 

Description of bycatch in the study area 

Some geographic differences in bycatch quantities were observed by longitude (Fig. 3). 

Minimum bycatch values (19.7-137.8 kg
.
hr

-1
) were registered west of 170°E (Olyutorsky Bay). 

In this area, maximum proportions of walleye pollock, red squid, deepsea species (mostly 

rockfishes) and commercial bycatch (mainly Pacific herring) were noted. Low shares of bycatch 

were also observed east of 180° (81.7-103.1 kg
.
hr

-1
) where catches comprised large portions of 

Pacific black halibut, red squid and deepsea species. Bycatch values in the remaining part of the 
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study area exceeded 200 kg
.
hr

-1
(mean 468.1 kg

.
hr

-1
). Maximum bycatch quantities were 

registered between 171-172°E (509.4 kg
.
hr

-1
), 173-175°E (530.7-628.0 kg

.
hr

-1
) and 177-178°E 

(992.0 kg
.
hr

-1
). These differences related partly to distinctions in bottom relief and respective 

compositions of ichthyofauna. Maximum values of non-commercial bycatch were observed 

within the areas with narrow shelves and sharp continental slopes, where presently unutilized 

and non-commercial grenadiers, skates, eelpouts, snailfishes and small sculpins were most 

abundant. These areas featured more diverse catch compositions in comparison to areas having 

wide shelves and more gentle slopes (e.g. east of 180°). These benthic patterns resulted in high 

proportions of bycatch in catches because the fishing areas that contained greater species 

diversity also had greater numbers of species harvested, and smaller proportions of utilized 

species. Previously, geographic variations of bycatch quantity in the western Bering Sea had not 

been studied.  

 
 

Fig. 3. Longitudinal variations of catch composition in the study area, average 1995-1998 (fish legends are the same 

as in Fig. 2). 

 

 

Catch composition vs. depth 

Catch composition changes with increasing depth because of the vertical stratification of 

ichthyofauna (Shuntov, 1965). Minimum bycatch values (24.4 kg
.
hr

-1
) were observed at depths 

of less than 150 m (Fig. 4), where catches consisted mostly of walleye pollock. The proportion of 

non-commercial bycatch species increased with depth reaching a maximum value (3,239.5  

kg
.
hr

-1
) at depths over 650 m. The main reason of such changes was the gradual decrease of 

walleye pollock catches with depth and the corresponding increase in the proportion of currently 
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unused grenadiers, skates, eelpouts and non-commercial snailfishes and soft sculpins, 

represented mostly by meso- and bathybenthic species whose abundance gradually increased 

with depth (Orlov, 1998). In the area under consideration, bottom trawl catch composition 

changes with depth were previously described in only a single paper (Borets et al. 2001), who, 

however, considered variations of catch composition in terms of the main families without taking 

the amount of bycatch into account. 

 
 

Fig. 4. Variations of catch composition in the study area by depths, average 1995-1998 (fish legends are the same as 

in Fig. 2). 

 

Monthly variations of catch composition 

Our studies were conducted annually from May to December, the western Bering Sea 

being covered by sea ice during the remainder of the year. However, even within this sampling 

period some monthly variations in bycatch proportions were observed (Fig. 5). The maximum 

bycatch values were observed in May (689.0 kg
.
hr

-1
) and in November (440.1 kg

.
hr

-1
). The 

earlier period was characterized by relatively small catches of walleye pollock. At this time, 

pollock spawn in coastal waters outside the study area (Shuntov et al. 1993). On the other hand, 

during the summer, grenadiers move from deeper to shallower depths (Tuponogov et al. 2008) 

thereby increasing the proportion of bycatch in the total catch. The high November share of 

bycatch is probably associated with decreasing amounts of red squid in catches. Red squid 

catches were high in August-October. In November, red squid catches decreased dramatically 
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(down to 160.4 kg
.
hr

-1
) and were further decreased in December (down to 58.2 kg

.
hr

-1
). This 

drop was most probably associated with spawning of red squid in this period followed by the 

death of spawned individuals (Nesis, 1989). Minimum bycatch values were registered in 

December (74.3 kg
.
hr

-1
). In this month, the proportion of Pacific cod and commercial bycatch 

(mostly flatfishes) increased, associated with wintering migrations of these species from the 

middle shelf to the outer shelf and upper slope (Moiseev, 1953). The highest values of Pacific 

halibut catches (243.4 kg
.
hr

-1
) were in December that is the spawning time of the species which 

forms spawning aggregations within the outer shelf and upper slope (Novikov, 1964). In 

December, many presently unutilized and non-commercial fishes perform seasonal wintering 

migrations to deeper waters and their catches within the study area decreased. In the study area, 

monthly variations of bottom trawl catch composition were recently considered by Terentiev and 

Vasiletz (2005) using data obtained in February, June, and from September to December. 

Moreover, species composition was described in terms of selected species and families but 

bycatch quantities were not taken into consideration (Terentiev and Vasiletz, 2005). 

 
 

Fig. 5. Monthly variations of catch composition in the study area, average 1995-1998 (fish legends are the same 

as in Fig. 2). 

 

Catch composition vs. time of day 

Some groundfishes perform diurnal vertical migrations. This behavior is typical of many 

planktophage species such as Atka mackerel and Pacific Ocean perch. The behavior of non-

commercial species is little understood. The present analysis showed that there are no well-

pronounced diurnal changes in bycatch quantities (Fig. 6). However, the maximum bycatch 

values (502.3-527.2 kg
.
hr

-1
) were registered from 13:00 to 18:00 hr. Minimum proportions of 
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bycatch (64.3-120.7 kg
.
hr

-1
) occurred between 19:00 and 24:00 hr. At these times, the shares of 

both prospective and non-commercial species in catches increased. This may be explained by the 

fact that the bulk of prospective species in catches were grenadiers and these consume mostly 

micronecton (midwater fish, squid and crustaceans) and, to a lesser extent, benthic invertebrates 

(crustaceans, bivalves, brittle stars, etc.) and, in the dark, are able to migrate into the water 

column (Tuponogov et al. 2008). Non-commercial species were comprised of snailfishes, soft 

sculpins, lumpsuckers, small poachers and small sculpins. The biology of these species is poorly 

understood. Therefore we cannot explain possible reasons for their diurnal changes of catch 

rates. In the western Bering Sea, diel variations in bycatch in bottom trawl fisheries were not 

previously described. 

Currently unmarketable species that may have commercial value 

Bycatch can be reduced significantly by exploiting species which are presently captured 

but discarded. This would require development of suitable processing techniques.  

 
 

Fig. 6. Diurnal variations of catch composition in the study area, average 1995-1998 (fish legends are the same as in 

Fig. 2). 

 

 

The most promising species with prospects for utilization are the resources of grenadiers. 

In the western Bering Sea, the estimation of their biomass on the outer shelf and upper 

continental slope was 26,000-56,000 tonnes (Lapko et al. 1999; Borets et al. 2001; Glebov et al. 

2003). In the western Bering Sea during the last decades, the total biomass of grenadiers has 

been stable (113,000-210,000 tonnes) and their annual catch in this area has not exceeded 10% 

of total biomass (Tuponogov, unpubl. data). Daily average catches of large trawlers may have 
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been between 20 and 30 tonnes (Tuponogov et al. 2008). All grenadiers may provide raw 

materials for highly palatable canned liver (Fig. 7). Giant (Albatrossia pectoralis) and Pacific 

(Coryphaenoides acrolepis) grenadiers have large orange eggs that can be used for processing to 

canned goods. Popeye (C. cinereus) and Pacific grenadiers are characterized by high percentages 

of fillet (31.5-40.1%) and can be used for direct human consumption. Their meat has a high 

content of protein (8.5-17.6%). The flesh of the giant grenadier contains too much moisture 

(90.4-92.9%) and therefore is unsuitable for direct consumption but maybe used for processing 

to animal and pet food. If appropriate processing technology was developed, the flesh of 

grenadiers might be able to be treated to form surimi, which is currently manufactured from 

walleye pollock and cod (Orlov, 2005a). The current market prices of grenadiers (Table 2) are 

low in comparison to those for other deep-water fishes (rockfishes, halibuts, thornyheads, etc.) 

but are comparable with those for arrowtooth flounder (Atheresthes stomias) and Dover sole 

(Microstomus pacificus) which have recently been harvested for human use in Alaskan waters 

and off the west coasts of USA (Orlov, 2005a). 

 
 

Fig. 7. Scheme of possible processing directions of currently unmarketable prospective fish species. 

 

Table 2. Processing and marketing of grenadiers in Russia (according to Orlov, 2010). 

 

Processing type 

(price) 
Production 

Price 

Wholesale Consumer Export 

Frozen 

(USD per kg) 

Round 1.83-2.07 2.17-2.53 0.87-1.07 

Gutted, head-off and tail-off   1.07-1.40 

Head-off   0.93-1.10 

Eggs 2.67   
Liver 1.07   

Canned food 

(USD per can) 

Eggs 1.23-1.64   
Liver 3.75-7.49   

 

Recently, some Russian companies started bottom trawl fisheries for grenadiers in the 

northwestern Pacific, exporting the catch to China and the British Virgin Islands. In these 

countries, current market prices are sufficiently high as to make fisheries for grenadiers 
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profitable. Other important unutilized fishery resources are skates, for which the biomass in the 

study area was recently estimated as 16,000-54,000 tonnes (Lapko et al. 1999; Borets et al. 2001; 

Glebov et al. 2003). Skates are traditional fishery targets in Southeast Asia, where skate wings 

are used for consumption (Ishihara, 1990). Recently, some Russian companies started to export 

skate wings to China, Hong Kong and British Virgin Islands at prices between 0.9 and 1.3 USD 

per kg). Skates also may be marketed in Japan and Korea. Fishing for skates may prove 

profitable, given their high price in the Asian fish markets. The livers of skates are rich in 

nutrients, though less so than those of sharks, and therefore could be used for extraction of oil. 

Skates have a strong and thick skin that may be used for manufacture of many leather articles. 

The flesh of skates is suitable for processing to fish meat jelly, which is used in the preparation 

of various Japanese national dishes (Ishihara, 1990) and is appropriate for processing to human 

foodstuffs (Ershov et al. 2002). 

Another prospective fishery resource is the Pacific sleeper shark, which has increased in 

abundance in the North Pacific recently (Wright and Hulbert, 2000; Orlov, 2005b). In the study 

area, in 2002 its biomass was estimated as 88,000 tonnes (Glebov et al. 2003). In the 1930s in 

Californian waters, USA fishers undertook limited fisheries for this species (Walford, 1935). 

Likewise, in the North Pacific in the 1970s, Japanese fishers exploited this species (Zolotova, 

1978). The value of the sleeper shark as a target species is difficult to judge because no studies 

have been conducted on its processing properties and chemical composition.  

The weight of the liver of Pacific sleeper sharks can reach 11.3% of the body weight 

(average of 9.2-9.7%) (Tanaka et al. 1982; Glubokov, 2004) and contain more vitamin A than 

that in other deepwater sharks (Higashi et al. 1955). Tinker (1978) was concerned, however, that 

the meat of sleeper shark contained a toxin, which evoked drinking-like intoxication when it was 

consumed. The research on the congeneric species Greenland shark (S. microcephalus) (Bykov 

et al. 1998) shows that its meat has good quality food characteristics, contains 9.8% protein but 

is very fatty (the average fat content is 12%). The cooked meat of Greenland shark is tough, and 

resembles the meat of great sturgeon (Huso huso). After soaking in water or a weak solution of 

soda, the meat of this shark becomes quite fit for cold smoking or for processing into fish mince. 

Further research on the technological properties of Pacific sleeper shark is required. 

 Large sculpins (family Cottidae) are important species in inshore fisheries. The most 

promising species are abundant in the study area, especially yellow (Hemilepidotus jordani )and 

banded (H. gilberti) Irish lords, purplegrey sculpin (Gymnocanthus detrisus) and armorhead 

scuplin (G. galeatus), giant sculpin (Myoxocephalus polyacanthocephalus) and plain sculpin (M. 

jaok), bigmouth sculpin (Ulca bolini) and spectacled sculpin (Triglops scepticus) (Tokranov, 

1985, 2002). The biomass of sculpins in the study area was estimated at 13,000-71,000 tonnes 

(Lapko et al. 1999; Borets et al. 2001; Glebov et al. 2003). Catches of sculpins also comprise 

considerable bycatch of cod and flatfish but their fishery is undeveloped, probably due to their 

lack of market acceptance despite the fact that processing technology for some sculpins was 

developed about three decades ago (Didenko et al. 1983). 
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 Various eelpouts (family Zoarcidae) are of some interest for commercial fishing. They 

are abundant in some areas and made up a considerable part of the bycatch. Their biomass in the 

study area recently was estimated at 4,000-29,000 tonnes (Borets et al. 2001; Glebov et al. 

2003). The results of technological studies conducted by Pacific Fisheries Research Center 

(TINRO-Center, Vladivostok, Russia) showed that eelpouts are acceptable for processing to 

human food. Their flesh is suitable for smoking and processing to various foodstuffs. 

 The flesh of prowfish (Zaprora silenus), which has a dense consistency and white color, 

resembles that of cod or Pacific halibut. Some Japanese fishermen use prowfish in preparing the 

national Japanese dish “sashimi”. Caught in the study area, prowfish are mostly discarded, 

probably because of their low abundance and their unappetizing appearance.  

 Large poachers of the genus Podothecus are of interest for commercial fishing. Despite 

their relatively low abundance, the poachers are very popular in Japanese fish markets. In Japan, 

they are delivered directly to fish restaurants. Some poachers (for instance, the dragon poacher 

(Percis japonica) have exotic appearances and may be used for manufacturing souvenirs. 

Conclusion 

The right choice of optimum fishing areas, depths, seasons and time of the day could 

minimize the share of non-commercial species in catches. The amount of bycatch had some 

geographical patterns. The minimum values of non-commercial bycatch were registered west of 

170°E (Olyutorsky Bay) and east of 180° while its maximum values were observed within the 

areas with narrow shelf and sharp continental slope between 171-172°E, 173-175°E and 177-

178°E. 

The amount of bycatch changed with capture depth. The minimum bycatch values were 

observed at depth of less than 150 m while the proportion of non-commercial bycatch species 

increased with depth, reaching maximum values at depths over 650 m. Some seasonal changes of 

bycatch values were detected. The maximum bycatch values were observed in May and 

November, and minimum bycatch values were registered in December. There are no well-

pronounced diurnal changes in bycatch quantities. However, the maximum bycatch values were 

found from 13:00 to 18:00 hr. Minimum proportions of bycatch occurred between 19:00 and 

24:00 hr. Bycatch can be reduced significantly by the fishery retaining and landing grenadiers, 

eelpouts, skates, large sculpins, poachers and some other species, which presently are not being 

utilized. Grenadiers may be used for canned liver and eggs and the flesh may be processed to 

human or animal food and probably to surimi. Skate wings are suitable for human consumption. 

Sculpins and eelpouts are suitable for processing to canned fish or human food. The remainder of 

the non-commercial bycatch species except for snailfishes, whose soft flesh contains too much 

water, may be processed to fish powder. 

Bycatch species cannot compete with traditionally harvested species since 1) they have a 

lower market price, 2) most of them (except for grenadiers) have low abundance, 3) there are 

limited markets that accept such trade from Russia, 4) some of these species are new or poorly 
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known to customers and therefore are hardly salable. However, most of them may be used for 

direct human consumption. This would require development of appropriate processing 

techniques, searches for new fish markets, and promoting new products to customers. Given the 

recent decline in catches of many commercially important species, it is likely that the 

exploitation of some of these bycatch species will soon become feasible. The fullest utilization of 

bycatch should be achieved in accordance with resolutions of the United Nations General 

Assembly dealing with sustainable fisheries, including the FAO Code of Conduct for 

Responsible Fisheries, the Convention on Biological Diversity, the principles of the ecosystem-

based approach to fisheries management, and the requirements to manage multispecies (mixed) 

fisheries. 
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