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ABSTRACT

Research vessels from the United States and the Soviet Union

concurrently sampled the traditional Northwest and Alaska Fisheries

Center resource assessment survey grid in the eastern Bering Sea during

summer 1982. The purpose of this report was to determine the feasibility

of combining the two data sets to improve the assessment data for

groundfish. Methods used on each nation's vessel are described and

abundance estimates and biological characteristics derived from the two

surveys compared.Conclusions were that the data were generally not

compatible and could not be combined.
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I N T R O D U C T I O N

The Northwest and Alaska Fisheries Center (NWAFC) has conducted

resource assessment surveys in the eastern Bering Sea since 1971. To

provide more comprehensive assessments of the Bering Sea groundfish

resources, cooperative surveys were begun in 1979 with the Far Seas

Fisheries Research Laboratory (Shimizu, Japan). In 1982, a research

vessel from the U.S.S.R. joined the U.S. and Japanese vessels to expand

the sampling area northwest into the Soviet fishery zone. The coopera-

tive surveys with Japan have been closely coordinated efforts, while the

Soviet vessels have worked more independently.

In 1983, the Soviets again sent a research vessel to the eastern

Bering Sea. During this second survey, the U.S.S.R. vessel essentially

followed the station pattern of the U.S. vessels. Two U.S. observers

were aboard the Soviet vessel throughout the survey, collecting catch

and biological data which were returned to the NWAFC for analysis. The

purpose of this report is to present results of the 1983 Soviet survey

effort and compare them with the findings from the 1983 NWAFC survey.

This presents an opportunity to determine the compatibility of results

from the U.S. and U.S.S.R. surveys and investigate the feasibility of 

combining this data to provide a better assessment of Bering Sea

groundfish resources.

SURVEY METHODS

Survey Area

The 1983 survey area extended from the southern reaches of the

eastern Bering Sea continental shelf, north to St. Matthew Island, and

from the 200 m isobath to shoreline proximity. A systematic station
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pattern, established by the NWAFC in earlier years, was sampled by vessels

from both nations. The survey area was divided into seven subareas.

Table 1 shows the total area of each. subarea and the actual and planned

sampling density. The comparative value of data from subarea 5 is limited

because. of the differences in the extent of sampling in 'this area by the

U.S. and U.S.S.R. vessels; therefore, the hauls in this subarea were

removed from the final analysis.

In all, the U.S. vessels occupied a total of 354 good performance

stations and the U.S.S.R. vessel, 348 stations. Stations sampled by U.S.

vessels to increase sampling density of crab populations around the

Pribilof Islands and St. Matthew Island, were removed from the analysis,

creating equal sampling effort throughout the survey area and facili-

tating the comparison between the Soviet and U.S. survey data. In the

final analysis, after stations deeper than 200 m and opportunistic tows

were deleted, 310 data collection points were used from the U.S.. survey

(Fig. 1) and 315 stations were used for analysis of the U.S.S.R. data

(Fig. 2).

Fishing Vessels and Gear

Two vessels were used by the United States to conduct the 1983

Bering Sea survey: the NOAA ship Chapman and the chartered vessel Alaska.

The U.S.S.R. used one trawler, the Milogradovo. Vessel characteristics

and survey durations are listed in Table 2. The U.S. vessels were both

equipped with 83-112 eastern trawls, while the Soviets used one of their

commercial fishing trawls. Table 3 summarizes the characteristics of the

two trawls. Path widths, while fishing, were from 16.4 to 16.5 m for the

two U.S. trawls and 29.5 m for the Soviet trawl: vertical openings were

2.3 m while fishing with the 83-112 trawl and 6.0 m while fishing with



Table 1 .--Size of subareas used during the 1983 U.S. and U.S.S.R. eastern Bering Sea survey, including
planned and actual sampling densities by subarea.
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Table 2 .--Vessels participating in the 1983 U.S. and U.S.S.R. eastern
Bering Sea bottom trawl surveys.



Table 3 .--Bottom trawls used during the 1983 U.S. and U.S.S.R. eastern Bering Sea surveys.
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the U.S.S.R. gear. Roller gear, consisting of 40 bobbins each 30 cm in

diameter, was used on the Milogradovo trawl; it was apparently used only

on rocky or uneven ground and no records were kept to identify these

stations. No roller gear was used on either U.S. vessel.

Sampling Methods and Data Collection

Standardized sampling procedures have been followed for many years

during NWAFC surveys; a detailed description can be found in Smith and

Bakkala (1982) and Wakabayashi et al. (1985). A brief accounting will be

included here.

Tow duration was always 30 minutes unless circumstances required that

the gear be retrieved sooner. Generally, catches up to 1 metric ton (t)

were completely processed while larger catches were subsampled. Catches

were sorted by species, and weights and numbers of each species were

recorded. For the large catches that were subsampled, the subsample

weights and numbers were expanded to the entire catch. A random sample

of commercially important fish species was also measured and sexed, and

otoliths or scales were removed for later age analysis. All physical data

(Including station positions, time, date, surface and bottom water tempera-

tures) and biological data (excluding specimen ages) were entered into

shipboard computers.

The sampling procedures on the U.S.S.R. vessel were based on the

NWAFC standardized procedures but variations occurred to accommodate

larger catches. Samples containing 1 t or less were completely processed,,

in keeping with U.S. procedures. When large catches (95-99%) of walleye

pollock, Theragra chalcogramma, were encountered, two baskets of pollock

were collected from each net area: front, middle, and end. These six

baskets were then mixed and the entire sample or a subsample was used to



determine pollock weights and numbers. In these cases, total pollock

catch weights were supplied by the factory personnel. Total numbers in

the catch were determined by expanding the subsample numbers to the

entire catch. All other species were entirely removed from the catch and

processed.

Catches on the inner Bering Sea shelf were mainly composed of 4-5

flatfish species. When the amount of fish caught ranged between 1 and 2 t,

all of the walleye pollock and Pacific cod, Gadus macrocephalus, were

removed from the catch and weights and numbers determined. A subsample

of the flatfish was taken, usually a half or quarter of the total catch

(visually determined). When the entire catch was in the 2-5 t range, the

walleye pollock and Pacific cod were again entirely processed 'but only a

subsample of six baskets of the remaining flatfish and other species was

processed. The total catches of these latter species were also derived

from factory figures. In a few instances, estimates of total catch

weight made by the vessel captain were used when the factory was not

functioning and therefore unable to supply catch weights. All data were

recorded on paper forms and later transferred to the computer at the

NWAFC.

While a standard subsampling procedure was used aboard U.S. vessels

to obtain random samples for length data collection

methods used on the Soviet vessel were different and

(Hughes 1976), the

may have resulted in

more bias. Catch subsampling gear (fish bins, catch splitting nets,

large capacity scales) were not available on the U.S.S.R. vessel, as they

were on the U.S. vessels, and partitioning of the catch was done visually.

At the beginning of the cruise, the catch was dumped on the deck and

subsamples were obtained with fish-picks. Later, shovels were used to
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collect subsamples. Both of these methods may have introduced bias to

the randomness of the sample. Total weights for large catches of pollock

and flatfish were derived, from the average weights of frozen fish blocks

and the percent of recovery after processing.

In total, 290,422 fish were measured from 20 different species (Table

4). Nearly twice as many were measured on the U.S. vessels (180,070)

as on the U.S.S.R. vessel (110,352). Close to 6,000 age structures, from

nine species, were collected on U.S. vessels (Table 5); no age data were

obtained on the U.S.S.R. survey.

Data Analysis

Detailed descriptions of methods of analysis are given by Bakkala

and Smith (1978) and Wakabayashi et al. (1985). In general terms, catches

at each station were standardized to a basic sampling unit (kg/ha,ha =

hectare or 10,000 m2) trawled. Mean CPUE values by species and strata

were then computed from the standardized catch rates. After being weighted

by the size of each strata, these were summed to obtain mean catch rates

for the overall survey area. Standing stock (biomass) estimates were

derived using the "area swept" method of Alverson and Pereyra (1969).

Vulnerability of all species to the trawls were assumed to be 1.0. This

methodology was used when analyzing the data from both the U.S. and

U.S.S.R. surveys.

In estimating the length composition of the sampled populations, the

number of individuals within the sex and size classes at each station was

derived by expanding the length-frequency subsample to the total catch per

standard sampling unit. The individual station data were then expanded

to the total strata area and summed over strata to obtain estimates for

the total survey area. Age composition was estimated by proportioning
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Table 4 .--Numbers -of fish-measured during the 1983' U.S. and U.S.S.R.
eastern Bering Sea trawl surveys.
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Table 5 .--Approximate number of age structures collected on U.S. vessels
during the 1983 Bering Sea survey.
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the computed population length-frequency distributions to ages using

age-length keys that were stratified by sex and size categories. Age

data are not presented in this report because comparative data were not

taken on the U.S.S.R. vessel.

The U.S. vessels surveyed alternate rows of the grid pattern and

these catch rates were compared (Hirschberger, in press). In the analysis

of the U.S. data, CPUE values were scaled to the most efficient vessel

for those species where significant differences were found between catch

rates (Geisser and Eddy 1979), under the assumption that the most efficient

vessel for a given species most accurately reflected abundance of that

species. Adjustment factors were used for the following species:

RESULTS

Environment

Water temperature data were collected at every station by both the

U.S. and Soviet vessels. Each nation's vessels occupied given stations

on different dates and thus temperatures at the same station varied

between the two surveys. Also, recording units were not calibrated

against each other. However, the temperature pattern shown by the two

surveys was generally the same.
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During the U.S. survey period (7 June-l August), bottom water tempera-

tures varied from -l.Oo to 9.0°C (Fig. 3). Residual cold water

(<2.0°C) from winter cooling was found in the central Bering Sea shelf

area. Warmest water was found near the Alaska mainland and temperatures

were progressively cooler towards the middle shelf, then slightly warmer

near the shelf edge.

The Soviet data (15 June-19 August) showed much the same pattern

(Fig. 4) although bottom water temperatures ranged from -1.60 to 12.1OC.

The same cold water mass was observed in the central shelf area and warm

temperatures were recorded along the Alaskan Peninsula as well as the

Alaskan mainland.

Surface water temperatures observed from U.S. vessels ranged from

4.5o to 11.6oC (Fig. 5). Most of the surface water over the shelf

ranged between 8-9OC. A warmer cell ( 10°C) appeared in the Pribilof

and St. Matthew Islands regions. A cooler cell (6-7OC) extended southeast

of Nunivak Island.

Surface water temperatures observed from the U.S.S.R. vessel ranged

from 5.60 to 12.8OC (Fig. 6). Their data showed a pattern of 8-9OC

surface water over the northwest shelf and l0-ll°C water over the south-

east shelf and along the Alaska mainland. There appeared to be a colder

cell (6-7OC) southwest of Nunivak Island and surface waters were generally

colder (7-8OC) along the shelf edge.

Species Encountered

A list of fish species, encountered during each survey, is presented

in Table 6. A total of 119 fish species (representing 20 families) were

taken: 91 species were recorded on the U.S. vessels and 83 on the

Soviet vessel. For purposes of analysis, flathead sole, Hippoglossoides



1
5



1
6







19

Table 6 .--List of fish species identified during the 1983 U.S. and U.S.S.R.
Bering Sea surveys.



20

Table 6. (Cont.)
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Table 6. (Cont.)
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Table 6 (Cont.)
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elassodon, and Bering flounder H. robustus, (often confused) were combined

and treated as flathead sole. There is a similar problem with arrowtooth

flounder, Atheresthes stomias, and Kamchatka flounder, A. evermanni.

These have been combined and treated as arrowtooth flounder since a

distinction was not made by the scientists aboard the Soviet vessel and

the separation may have been inconsistent on the U.S. vessels.

CPUE Estimates

The top 10 species from the U.S. and U.S.S.R. surveys, in order of

relative abundance, are included in Table 7. These species comprised

84% of the catch in the U.S. survey area, and 95% of the catch durin the

U.S.S.R. survey. Eight of the ten top ranking species were the same in

both surveys, but only the top three species appeared in the same order.

The most significant aspect of the rankings is that all of the mean

CPUE values from the

survey, particularly

U.S. survey exceeded

U.S. survey were greater than those from the Soviet

in the case of the flatfish. Estimates from the

those from the U.S.S.R. by 2 l/2 times for yellowfin

sole, Limanda aspera , and Alaska plaice, Pleuronectes quadrituberculatus,

and by 4 times for rock sole, Lepidopsetta bilineata, and flathead sole.

Even though Pacific halibut, Hippoglossus stenolepis, and Pacific herring,

Clupea harengus pallasi, appear in the U.S.S.R. survey list, but not in

the U.S. summary, these species were actually more abundant in the U.S.

survey results (Table 8).

Biomass Estimates

Biomass estimates for principal fish species from the U.S. and

U.S.S.R. surveys are given in Table 9. Results from the two surveys were

supportive in showing that walleye pollock, yellowfin sole, and Pacific
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Table 7 .--Rank order of abundance of the ten most abundant species of fish taken
during the 1983 U.S. and U.S.S.R. eastern Bering Sea surveys, all six
subareas cabined.



Table 8. --Mean catch-per-unit effort (kg/ha) values for major species, by subarea, from 1983 U.S. and U.S.S.R.
eastern Bering Sea surveys.



Table 9 .--Estimated biomass (metric tons) of major species, by subarea, from the 1983 U.S. and
U.S.S.R. eastern Bering Sea surveys.
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cod were the most abundant species in the survey area. However/in

almost all cases, the 95% confidence intervals showed that the U.S. and

U.S.S.R. biomass estimates were significantly different. There was an

overlap in the confidence intervals only for walleye pollock and sablefish,

Anoplopoma fimbria, indicating that the two estimates were not significantly

different. For all major species, U.S. biomass estimates ranged from

approximately 1.5 to 6.7 times larger than corresponding U.S.S.R. biomass

estimates, and as noted with CPUE estimates, differences were particularly

large for the flatfishes.

Table 10 shows the distribution of biomass estimates, by subarea,

for the two surveys. Five of the eleven major species were concentrated

on the outer shelf: walleye pollock; sablefish; flathead sole; Greenland

turbot, Reinhardtius hippoglossoides; and arrowtooth flounder. The species

showing strong affinity for inner shelf waters were yellowfin sole,

Alaska plaice, rock sole, and to a lesser degree, Pacific cod and Pacific

halibut. For these species, with the exception of sablefish, the biomass

distributions among regions and subareas were similar for the U.S. and

U.S.S.R. surveys. Roth surveys showed that the distribution of sablefish

was limited to the outer shelf but the subarea showing the highest abundance

differed between the surveys. Pacific herring was the one species which

showed markedly different biomass distributions. The U.S. survey data

showed a more even distribution of herring between the inner and outer

shelf regions, while the U.S.S.R. data showed a high percentage of

biomass (87%) in the inner shelf region. The assumption is that the

semipelagic nature of Pacific herring makes it more vulnerable to

the higher opening U.S.S.R. trawl, yielding more accurate distribution

information. However, the overall biomass estimate from the U.S. survey
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Table 10 .--Percent of estimated biomass (metric tons) of major species, by subarea,
from the 1983 U.S. and U.S.S.R. eastern Bering Sea survey.
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was approximately twice that from the U.S.S.R. survey. These results are

difficult to explain; the differences may arise from the schooling behavior

and patchy distribution of herring rather than gear variations.

Population estimates for the major species are summarized in Table 11.

Again, the U.S. estimates are greater than the U.S.S.R. values except

for walleye pollock. As will be shown later, by length frequency data,

the reason for this is that the U.S.S.R. vessels sampled greater numbers

of small (10-20 cm) pollock than the U.S. vessels.

Size Composition

Eight species of fish had length data collected on both the U.S. and

U.S.S.R. vessels. Sablefish, Greenland turbot, and arrowtooth flounder

were measured only on the U.S. vessels and therefore are not included

here. Figures 7-14 compare population estimates, by length, from the two

surveys. The smaller Soviet population estimates are reflected in these

figures. The mean lengths from the Soviet catches were larger than those

from the U.S. survey, with the exception of walleye pollock (Fig. 7)

and Pacific herring (Fig. 9). The smaller mean length of pollock from

the U.S.S.R. survey resulted from a higher proportion of 10-35 cm fish in

their catches than from U.S. survey catches. In the case of Pacific

herring, U.S. vessels took a higher proportion of larger fish. For the

remaining species, higher mean lengths from the U.S.S.R. survey resulted

from a lower proportion of juvenile fish, <20 cm, in the catches. 

DISCUSSION

The 1983 survey was the second year of joint Bering Sea fisheries

research with the Soviet Union, and the first year that vessels from the

two nations sampled the same survey area in the eastern Berin Sea. The



Table 11. --Population estimates for major species, by subarea, from 1983 U.S. and U.S.S.R.
eastern Bering Sea surveys (in millions of fish).
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Figure 7. --Length composition of walleye pollock sampled by U.S. and U.S.S.R.
research vessels during the 1983 eastern Bering Sea surveys.
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Figure 8. --Length composition of Pacific cod sampled by U.S. and U.S.S.R.
research vessels during the 1983 eastern Bering Sea surveys.
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Figure 9. --Length composition of Pacific herring sampled by U.S. and U.S.S.R.
research vessels during the 1983 eastern Bering Sea surveys.
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Figure lO.--Length composition of yellowfin sole sampled by U.S. and U.S.S.R.
research vessels during the 1983 eastern Bering Sea surveys.
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Figure 11 .--Length composition of rock sole sampled by U.S. and U.S.S.R.
research vessels during the 1983 eastern Bering Sea surveys.
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Figure 12. --Length composition of flathead sole sampled by U.S. and U.S.S.R.
research vessels during the 1983 eastern Bering Sea surveys.
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Figure 13. --Length composition of Alaska plaice sampled by U.S. and U.S.S.R.
research vessels during the 1983 eastern Bering Sea surveys.



38

Figure 14. --Length composition of Pacific halibut sampled by U.S. and U.S.S.R.
research vessels during the 1983 eastern Bering Sea surveys.
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focus of this report was to determine if the combined survey information

afforded better groundfish assessment of this region.

Survey design was fairly straightforward, following a long established

U.S. grid pattern. Vessel size and gear differences were the most dissimilar

survey characteristics although variations in methods of processing catches

may be an important factor. The U.S.S.R. vessel was 2-2.5 times larger

than the U.S. vessels and generated 2-4 times the horsepower. However;

U.S.S.R. abundance estimates were much lower than those from the United

States, indicating that trawls and trawl rigging were the primary factors

*that may have accounted for the differences between U.S. and U.S.S.R.

estimates. During the Soviet survey, roller gear was used but the incidences

were not documented, most likely due to poor observer training. Records

show that the use of roller gear results in lower catch rates for bottom

tending species such as flatfish and a generally lower proportion of

small fish, when compared to catches from trawls without roller gear

(Wakabayashi et al. 1985). The assumption is that the trawl passes

over many bottom dwelling fish while others may have the ability to swim

under the footropes, thus avoiding the trawl. In the case of walleye

pollock, Traynor and Nelson (1985) found that a high proportion of smaller

individuals occupy midwater layers. This accounts for the higher proportion

of 10-35 cm pollock in the U.S.S.R. data, collected with a higher opening

trawl (6.0 m).

Sampling procedures can also cause variations in biomass and population

estimates. The U.S.S.R. vessel often handled large catches which

necessitated alteration of the sampling procedures. Some U.S.S.R. catch

weights were based on visual estimates or extrapolation from factory weights,

while U.S. catches and subsamples were weighed in a consistent manner.
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From the examination of the two data bases, it is concluded that

differences preclude combining the results for a more comprehensive

assessment of eastern Bering Sea groundfish in 1983. Fishing power

coefficients could be developed to account for differences in catch rates

for individual species, but these would not be valid unless they were

derived by taking into account the use of roller gear on the Soviet trawl.

To produce meaningful results from joint U.S.-U.S.S.R. surveys,

standardized methods of sampling, processing catches and collecting

biological data should be followed. Also, comparative trawl efforts should

be organized to develop relative fishing-power estimates.
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