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INTRODUCTION 

Under new terms of reference established for the 1979 annual meetings 

of INPFC, the subcommittee on non-anadromous species was directed to emphasize 

in their discussions research topics of mutual interest to member nations. 

The subcommittee chose two topics for discussion at the 1979 meetings: 

1. Survey design and application to stock assessment in the Bering Sea 

and northeast Pacific, and 

2. Relationship of pelagic pollock in the Aleutian Basin with pollock on 

the eastern Bering Sea slope and shelf. 

This report addresses the first topic and evaluates resource assessment 

data from the Bering Sea collected by the Northwest and Alaska Fisheries Center 

(NWAFC), National Marine Fisheries Service (NMFS). The NWAFC has conducted 

annual resource assessment surveys on crab and groundfish in the eastern Bering 

Sea since 1971. 

SURVEY METHODS 

Survey Area 

The dernersal trawl surveys carried out by the NWAFC can be divided into 

two types. The first type is the crab-groundfish surveys that have been carried 

*Northwest and Alaska Fisheries Center, National Marine Fisheries Service, 
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out annually since 1971. These surveys have been mainly limited to the south

eastern Bering Sea, except in 1978 when this survey was expanded geographically 

to cover an extensive area north and northwest of the Pribilof Islands (Figure l)~ 

The second type of demersal trawl survey was the much larger-scale OCSEAP surveys 

of 1975 and 1976 which extended over much of the eastern Bering Sea continental 

shelf (Figure 2). The main purpose of the OCSEAP surveys was to provide the 

U.S. Bureau of I.and Management (BLM) with information on the distribution and 

biological pondition of fishery resources of the region. This information was 

used by BLM to evaluate the impact of offshore development of oil and gas 

reserves in the eastern Bering Sea. 

The 1973-78 crab-groundfish survey data have been used to assess annual 

changes in the condition of eastern Bering Sea crab and groundfish resources. 

The 1971 and 1972 survey data have been excluded from the series because of their 

limited scope (Figure 1). The 1973-78 annual surveys have taken place in the 

same time period (June-August) and have covered a series of standard stations 

each year that have been used as a comparative area (see Figure 1 for location 

of the comparative area). Station density in the comparative area is one per 

400 square nautical miles. It has been recognized for some time that the crab

groundfish survey area has limitations for assessing some of the more wide

ranging species, such as pollack (Theragra chalcogramma) and Tanner crab 

(Chionecetes spp). However, the area of the surveys has been dictated by the 

need to assess the important red king crab (Paralithodes camtschatica) resource 

in the southeastern Bering Sea each year and limitations on research vessel time. 

Vessels and Gear 

The NOAA R/V Oregon has been involved in all crab-groundfish surveys. It 

was the only vessel used during the 1971, 1972, 1975 and 1977 surveys. Chartered 

fishing vessels supplemented the Oregon effort during the 1973, 1974 and 1978 
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Figure 1.--Stations trawled during the 1971-78 crab-groundfish surveys and 
comparative fishing area used since 1973 to assess annual changes in 
the condition of demersal fish. 
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Figure 2.--Areas of the eastern Bering Sea surveyed during the 1975 and 1976 OCSEAP surveys. 
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' surveys. Three vessels participated in the 1975 and 1976 OCSEAP surveys, the 

NOAA R/V Miller Freeman and the chartered fishing vessels Anna Marie and Pat 

San Marie. Some of the Oregon data from the crab-groundfish survey was also 

used for the 1976 OSCEAP survey. Characteristics of the vessels used for the 

crab-groundfish and OCSEAP surveys are given in Table 1. 

Table 1.--Characteristics of vessels used during the NMFS crab-groundfish 
and OCSEAP surveys. 

Overall Gross Horse-
Vessel Survey Year( s) length tonnage power 

(m} 

Oregon Crab-groundfish 1971-78 30.4 219 600 
OCSEAP 1976 

Mark I --- Crab-groundfish 1973 29.9 765 

Anna Marie Crab-groundfish 1974 26.2 177 665 
OCSEAP 1975,1976 

Paragon II Crab-groundfish 1978 33.5 196 1,125 

Miller Freeman OCSEAP 1975,1976 65.5 1,500 2,200 

Pat San Marie OCSEAP 1975,1976 30.0 200 765 

Characteristics of gear us~d during the crab-groundfish and OCSEAP surveys 

are given in Table 2. The 400-mesh eastern trawl has been used during all crab-

groundfish surveys since 1971. The trawl rigging has undergone two changes 

since 1971. In 1973, 113 kg of weight was added to the footrope to make the 

trawl tend bottom better during fishing operations. Because an excessive amount 

of bottom debris was taken by the trawl with the weighted footrope, the 113 kg 

of weight was removed from the footrope in 1977 and the door size was reduced 

from 2.i x 3.0 m to 1.8 x 2.7 m. This change in ri~ging was made to keep the 

trawl fishing on-bottom while preventing excessive digging into the bottom. 
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Another change occurring in 1977 was a reduction in duration of tows from 

one-hour to one-half hour. 

Table 2.--Characteristics of trawl gear used during the NWAFC crab-groundfish 
and OCSEAP surveys. 

Chara-eteristic 

Trawl 

Headrope length (m) 

Footrope length {m) 

Mesh sizes {mm) 
Wing and body 
Intermediate 
Codend 
Codend linger 

Accessory gear 
Door width & length {m) 
Dandyline length {m) 
Weight on footrope (kg) 

Crab-groundfish surveys 
1971-72 1973-76 1977-78 

400-mesh 
eastern 

21.6 

28.7 

102 
89 
89 
32 

2.lx3.0 
45.7 
None 

400-mesh 
eastern 

21.6 

28.7 

102 
89 
89 
32 

2.lx3.0 
45.7 
113 

400-mesh 
eastern 

21.6 

28.7 

102 
89 
89 
32 

l.8x2. 7 
45.7 
None 

OSCEAP 
surveys 
1975-76 

modified 
eastern 

25.3 

34.1 

102 
89 
89 
32 

l.8x2.7-2.l-3.0 
49.4-65.8 

None 
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YELLOWFIN SOLE 

Commercial Catches in the NMFS Comparative Fishing Area 

Data in Table 3 illustrates the proportion of the commercial catch that 

has been taken in the NMFS comparative fishing area since.1972 during the per

iod of the crab-groundfish survey (June-August) and during all months. Catches 

in the NMFS survey area in June-August have been small because the Japanese 

fishery fo.r yellowfin sole has mainly operated in the winte~r months o-f October 

to March. A high proportion of the catch was taken in the NMFS survey area by 

the fishery in winter months in 1972 and 1973, but the proportion has declined 

in later years to only 16% in 1977 and 19% in 1978. A greater proportion of 

the catch has come from the central shelf area immediately north of the NMFS 

survey area in more recent years. 

Table 3.--Catch of yellowfin sole in the NMFS comparative survey area by the 
Japanese commercial fishery in June-August, and in all months of 
1972-77. 

Year NMFS Survey Area 
June-August All Months 

(mt) 

1972 127 30,314 
1973 3,039 67,144 
1974 0 25,189 
1975 69 35,955 
1976 164 18,217 
1977 1,552 9,040 
1978 1,543 11,431 

Total Catch 
June-August All Months 

(mt) 

241 34,845 
3,157 75,514 

348 37,908 
469 59,719 
222 52,661 

3,140 37,316 
11,563 61,402 

Percent of Catch 
in NMFS- Survey Area 

June-August All Months 
(mt) 

0.4 87.0 
4.0 88~9 
o.o 66.4 
0.1 60.2 
0.3 34.6 
2.7 15.8 
2.5 18.6 
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Relationship of Survey Data to the Overall Population and Commercial 
Fishery Data 

Size composition 

Large-scale trawl surveys conducted by the NMFS in 1975, 1976, and 1978 

sampled the major part of the range of yellowfin sole in the eastern Bering 

Sea and are assumed to have adequately sampled the size distribution of the 

population recruited to the research gear. -The size- composi tion--of fish taken 

in the comparative fishing area can be compared with that from the total survey 

areas in those years to determine how well the overall size distribution of the 

population was sampled within the comparative area. The length distributions in 

the smaller comparative area was very similar to those in the larger survey areas 

each year (Figure 3). It is therefore probable that the length distribution of 

fish in the comparative fishing area adequately represents the length distribu

tion of the overall population for those sizes that have become recruited to the 

research vessel gear. 

The length distributions of yellowfin sole in the comparative fishing area 

can also be compared with that from the commercial fishery (Figure 4). These 

data show that yellowfin sole become recruited to the commercial fishery at 

about 18 cm, whereas they become recruited to the research gear at about 10 cm. 

Age Composition 

Age data illustrates, as did the length-frequency data, that the commercial 

fishery takes larger-older fish than is sampled by research vessels (Figure 5). 

The variable strength of year-classes of yellowfin sole have been reflected in 

both the survey and fishery data, but initially by the survey data. The strength 

of the 1968, 1969, and 1970 year-classes became evident in the research vessel 

data between 1974 and 1976, but did not become important in commercial catches 
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Figure 3.--Size composition of yellowfin sole as shown by the 
crab-groundfish surveys in the comparative fishing 
area and by the larger scale OCSEAP surveys in 1975 
and 1976 and by the total crab-groundfish survey area 
in 1978. 
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Figure 4.--Size composition of yellowfin sole as shown by data 
from crab-groundfish surveys in the comparative 
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until 1977 and 1978. The research vessel data from the comparative fishing 

area therefore provides a measure of the strength of year-classes two or three 

years prior to their recruitment to the fishery. 

Relative Abundance 

Trends in relative abundance from the comparative survey area and from 

pair trawlers of the Japanese commercial fishery have been similar in most 

years since 1973 (Figure 6). Both sources of data have shown a marked in

crease in abundance of yellowfin sole between 1973 and 1977. In 1978, how-

ever, the fishery data indicated that relative abundance declined from the 

1977 value, whereas the research vessel data showed a continuing increase. 

Nevertheless, both sets of data indicate that the population of yellowfin 

sole was at a high level of abundance in 1978, relative to that in the early 

1970's. 

Biomass Estimates 

Biomass estimates based on the area swept technique (Alverson and Pereyra, 

1969) have been calculated from the crab-groundfish comparative area since 1973. 

These estimates for all age groups sampled are as follows: 

Year Mean Estimate 95% Confidence Interval 

1973 718,999 502,000 - 935,997 
1974 769,256 528,920 - 1,009,592 
1975 993,012 754,940 - 1,231,084 
1976 1,062,416 793,092 - 1,331,739 
1977 1,141,544 791,946 - 1,491,143 
1978 1,484,175 985,004 - 1,983,345 

The relationship of the 1975 estimate from the comparative fishery area 

for commercially exploitable age groups (age 6 and older) and that from the 

larger OCSEAP survey area in 1975 indicates that most of the exploitable 
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population was located in the comparative fishing area. The ratio of the 

two estimates was 962,346 mt= 0.97. The same ratio was obtained from the 
991,917 mt 

relationship of biomass estimates from the comparative survey area, and 

the overall survey area in 1978 1,368,416 mt= 0.97. These relationships 
1,414,583 mt 

show that most of the exploitable biomass of yellowfin sole inhabits the 

crab-groundfish survey area in June-August as is also indicated by the dis

tribution of yellowfin sole in August~October 1975 and April-June 1976 

(Figures 7 and 8). 

In summary, crab-groundfish surveys in the southeastern Bering Sea have 

provided good information to assess the condition of the yellowfin sole re

source. Biological data from the comparative area reflects the size and age 

composition of the overall population and provides measures of age-class strength 

two or three years prior to their recruitment to the commercial fishery. Trends 

in indices of abundance from the comparative area have been similar to those 

from the commercial fishery in most years, and a high proportion of the commer

cially exploitable biomass is located in the comparative fishing area during 

the survey period of June-August. It is therefore concluded that the crab

groundfish surveys adequately assess the condition of the yellowfin sole 

resource. 



63"N 

62"N 

61"N 

60"N 

59"N 

58"N 

57"N 

56"N 

55"N 

200 .. . . . 

YELLOWFIN 

AUG-OCTl975 

NO CATCH 

(25 

25-100 

I00-250 

)2SO 

16 

164-W 162"W 160-W 1sa•w 

63°N,---,--,---,,----,---,---,---,--,---,--n:,,..._,---,--.-----r--rr--.rr--,----r---r---r--,---r--, 

62"N 
·~ 

61"N \ 
(~ 

so·N ~ 
59"N 

58"N 

57"N YELLOWFIN SOLE 

56°N 

55"N 

APR1L 1976 

CATCH IN kg/km I NOCATCH 

(25 

25-100 
. 

100-250 

. >250 

~ 

54°NL--l.-----'----'---'--.__-.L_--'---JL--__,__ _ _.____. _ __.__.___:.='"-----'--'---..__._ _ _,_____,.___.___, 
1ao· 17e•w 176•w 174•w 172•w 110-w 1ss•w 166°W 164°W 1e2°w 1so•w 1ss0 w 

Figure 7.--Distribution and relati!'t'~· abundance of yellowfin sole during 
the 1975 OCSEAP survey and during April of the 1976 OCSEAP 
survey relative to the crab-groundfish comparative area. 



17 

63"Nr--r-"T""-..---r--r--..-----.--r--.----,..,,,..-,--,--,--.---,-,.-..,....---,--,----,---,---,..----, 

62'N 

59"N 

58"N 

57"N YELLOWFIN SOLE 
MAY 1976 

56"N 

55"N 

CATCH IN kg/km I NOCATCH 

(25 

25-KlO 

~50 

54"NL----L-....L.-.L----L-....L.-..l.....--'---'---'--L--'--_.._-'--'--"'==---'---'--'---..L...--''-----'---'----' 
180° 17S-W 176-W 174°W 172°W 170-W 168°W 166"W 164°W 162°W 160°W 158°W 

63°Nlr-~-...,..--,---,--,----.-----,,---,.-...,...-.,....,--,--,----,---,--,-,---....r-r---,--~-..----,-~~ 

62'N 

GO"N 

58'N 

57"N YELLOWFIN SOLE 
JUNE 1976 

56"N CAlrCH =~:::: 
(25 

25-100 

. 100-250 . 
)250 

t, 
54°NL..---L-....L.-.L----L-....L.-..1.....--'-_,,.,i.,-,-...._-=Z.,...,-'---,~-,-.L-~:':"°=--::~::-'--:=;::::::--'--:-:'.::::::--'--:::=::;-:-' 

180" 178"W 176°W 174"W 172"W 170-W 168-W 166°W 164°W 162"W 160°W 158"W . 

Figure 8.--Dis.t;ribution and relative abundance of yellowfin sole 
during May and June of the 1976 OCSEAP. survey relative 
to the crab-groundfish comparative survey area. 



18 

POLLOCK 

Commercial catch in NMFS Comparative Fishing Area 

Data in Table 4 illustrate the proportion of Japanese pollock catches 

that were taken since 1972 in the NMFS comparative fishing area in relation 

to those taken in all areas of the eastern Bering Sea. Within the NMFS 

comparative fishing area (Figurel) catches and percentage of catches during 

June-August,~relative to annual catches, have increased since 1972-- indica-

ting increased importance of the area to the Japanese pollock fishery. The 

catch within the area, increased from 66,000 mt (9% of annual total) in 

1972 to 176,000 mt (46% of annual total) in 1978 (Table 4). 

The importance of the comparative fishing area to the Japanese pollock 

fishery is further illustrated by the fact that while catches within the area 

have increased, catches in all areas during June-August have declined. The 

catch during June-August in all areas decreased from 719,000 mt in 1972 to 

384,000 mt in 1978. In essence, catches during June-August in the NMFS comparative 

fishing area, relative to catches from all areas, increased from 3% in 1972-73 

to 23% in 1978. 

Relative Abundance 

Since annual crab-groundfish surveys within the NMFS comparative fishing 

area were conducted during June-August, there is a question on whether the 

surveys conducted by NMFS within such a limited area-time cell are adequate 

for monitoring relative abundance of the entire pollock stock. The pollock 

fishery is essentially conducted year-round, although more than 80% of the 

catch was taken within 7 months (April-October). Within the area-time 

cell where IDfFS surveys were conducted, catches averaged only 4% of the total 

during 1972-74, 13% during 1975-76, and 22% during 1977-78 (Table 4). Since 

pollock catches within the cell were small, with the exception of 1977 and 

1978, it seems that CPUE values computed from such NMFS surveys would not 

provide an accurate abundance trend of the entire pollock stock. 



T1"1BLE 4 • -·· CATCH ( IN METHIG TONS) OF POl..1..ClCI·< IN THE NMFS COMPi'~F~AT IVE SUF~VEY ,~l~EA AND ALL 
AREAS BY THE JAPANESE COMMERCIAL FISHERY DURING JUNE-AUGUST AND ALI_ MONTHS, 
1 972--1978. 

******************************************************************************************** 
JUNE-AUGUST CATCH 

NMFS SURVEY AREA ALL AREAS IN NMFS SURVEY AREA 
*************************** *************************** AS PERCENTAGE OF CATCH 

YEAR JUNE-AUGUST ALL MONTHS % JUNE-AUGUST ALL MONTHS % IN ALL AREAS, ALL MONTHS 
******************************************************************************************** 

1972 669372 477,650 9 719,'..;!76 1, 6:1.,~, 9~:i:I. 30 4 
1973 33,036 302,393 c:· 709, ~528 l.,471,2(17 :2:L .·, ,., ..:. 

1974 68,782 331,855 1-:> ~j60, 611 1,250,319 .-, .. , 
6 ... .i:.. I 

1?rs 124,tj63 331., 919 26 482, 25:~ 1,064,488 ~51. :t2 
1976 136,860 396,914 30 449,979 986,551 40 14 
1977 1~j8,771 282,079 41 388, 19~5 758,723 37 2:1. 
1978 176,217 242,473 46 383,506 765,412 32 2~5 

..... 
\0 
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From Japanese commercial fisheries statistics, CPUE representing the 

entire pollack stock (Table 5) shows that relative abundance (as indicated 

by pair trawl CPUE in percent of 1975 value) was as follows: 

Year 

CPUE 

1972 

189 

1973 

166 

1974 

118 

1975 

100 

1976 

103 

1977 

98 

1978 

105 

Pair trawl CPUE is used to monitor pollack abundance because pair trawls accounted 

for a high percentage of the pollack catch (Table 6) and is the most consistent 

gear type used in the fishery (INPFC Doc. 1954). If pair trawl CPUE within the 

NMFS time-area cell was selected to monitor pollock abundance, it would have pro

vided an inaccurate trend of the resource abundance (Table 5). Likewise, CPUE 

trends determined by NMFS research vessels within the time-area cell are not 

indicative of actual pollack abundance (Table 5). The reason why the latter 

two CPUE trends are not indicative of pollack abundance is because of limited 

area and time coverage of the sampling gear relative to the wide distribution 

of pollock. In addition, the sampling gear used by N11FS does not adequately 

sample the vertical component of pollack schools. 

Biomass Estimation 

Biomass estimates have been estimated from N!·fFS trawl surveys using the 

area-swept technique (Alverson and Pereyra 1969) and from commercial fisheries 

data using the virtual population analysis (Pope 1972). N!1FS surveys esti

mated only the absolute abundance of the pollack stock within a rather 

small area (Table 7), while the VPA procedure estimated the size of the 

entire population (Table 8). Specific details of estimating pollack 

biomass within the NMFS survey area are given in Pereyra et al. (1976) 



TABLE ~-5. . ... CATCH PE:1::: UNIT [JT'CllH i::c1=-ut:) TF<l:N:Cl::3 FCJR F)OLLOCI< ~30 
DETEf<MINED FROM THE JAPt--1NErn::: C0MME:T:C:Jf~L r~:rsHl~F(l' IN THE 
ENTIRE EASTERN BERING SEA AND FROM NNFS RESEARCH SURVEYS 
IN A COMPARATIVE FISHING AREA. 

********************************************************************** 
CPUE FROM JAPANESE FISHERY 
<PAIR TRAWL CPUE IN PERCENT CPUE FROM NMFS SURVEY 

OF 1975 CPUE VALUE) (KG PER 101000 M X M) 
*************************** ********************* 
OVERALL JUNE-AUGUST CPUE CPUE 90l CONFIDENCE 

YEAR CPUE IN NMFS SURVEY AREA INTERVAL 
********************************************************************** 

1972 189 7:L 19.24 2o7D .... 3~5+ 70 
1973 166 53 :i9 ♦ t ;1 1.6.24 .. - 42. 10 
1974 118 114 :?.7 + 50 18. 4() ·- 36.61 
1975 10◊ 100 21.._()(J 14 .T? ·- 27.62 
1976 1.03 :1.22 46 .,:S7 :l.'J • 72 ··- 7~5. 62 
1977 98 1.12 :·37. 65 ::!2. 7!.) .... 1::- '°i 1:-1::· 

-.J...:... ;.:}.J 

1978 10:'.:i :1.04 ::3:3.50 2 2 • !:=;~-~ ··- 44.40 



TABLE 6. - CATCH OF POLLOCK IN THE NMFS COMPARATIVE SURVEY AREA BY THE JAPANESE COMMER
CIAL FISHERY DURING JUNE-AUGUST AND ALL MONTHS, 1972-78. 

*******************1************************~***************************** 
NMFS SURVEY AREA ALL AREAS 

**************************** **************************** 
JUNE-AUGUST ALL MONTHS 

*********************** *********************** PAIR TRAWL ALL GEARS PAIR TRAWL ALL GEARS 
YEAF~ Ct-,TCH (MT) CATCH (MT) % CF,TCH O"iT) CATCH <MT) ;;~ 

************************************************************************** 
:J. '/72 :I. 1. ?'764 .,') .. -s ~ :·3 ·~✓:.:.~ :LU ,:S:J::,~ ' :lJ,:S :L ,,1>:l,:S,S'5:l J9 
1973 2:1. , 7:;i3 3:~, 036 66 :S37, 3:28 :I. , 47:l v267 3'? 
1974 7,200 68,7fJ2 10 4 7f.n :1.27 :l.v2~i0,3:l.9 :-50 
1. 975 46,692 1.24, ~563 37 378,064 1. , 064, 48::3 36 
1976 50, 1 :I. ~5 1.36,860 37 36:~, 496 9fl6 ,'.'5'.'5:L 37 
1.977 e> ~.=; , ~~ :~ ~) 1.58,771 4") ,:_ 299, ~500 7:50, 723 39 
19-n:~ 84, ~510 176,21.? 48 :;)96, :l.'7,-S 7,-S'.5,4:l2 39 

N 
N 



TABLE 7. - ESTIMATED NUMBERS AND BIOMASS OF POLLOCK IN THE NMFS COMPARATIVE FISHING 
AREA BY THE AREA-SWEPT TECHNIQUE, 1972-78. 

********************************************************************** AGE 1972 1973 1974 1975 1976 :1.977 197B 

********************************************************************** 
1 799 757 2,838 758 729 2, :i-42 1,.l71 
r) 
..:. 290 518 E~50 402 '.'.:i()() 630 40() 
3 404 146 288 614 480 146 807 
4 I"> -..)~ 193 56 1.08 1., 0:t4 ;_:~45 507 
c· 
,.J 41 99 68 1•>•=· ..... ~.J 132 :2:.32 139 
6 59 34 38 27 --vc·· .. :) ... ) 72 \"\ .. ,. 

1 .,: .. 

? 30 91 39 1 c:· • ~! 39 ::50 29 
8 10 118 29 14 46 24 24 
9 9 19 30 8 4:1. 24 2'1 

10 ") 17 5 6 22 1. 3 1 •:;i .,_ 

1 1. 1 5 3 1. 8 12 6 
12 1 1. 3 ~5 
13 l 
14 

TOTAL 1,707 1,997 4v244 :l, 979 3v048 3, 6T3 3,220 

********************************************************************** 

BIOMASS IN METRIC TONS 

***********************************~*******J************************** 
YEAR MEAN BIOMASS 95% CONFIDENCE INTERVAL 

********************************************************************** 
1 cy7:;;i :rnl>Y 263 4::~, 442 -· 6}0,8]2 
1.973 464,264 216,371 .... 7:l2,157 
1.974 437,777 263,1.40 ... ,-S:l2,406 
197~j 335,772 2:1.0,72~3 .... -•U10 ~B2 :l 
:J.976 742,889 :l.B8 ~ O:L:I. ·•· :l ,::~9} v 76} 
1977 ~599, 308 3:l.:J,519 ... HB'.5, 09B 
1978 533,21.8 :·L~:2, 628 ..• 74:.3,BO} 

(",) 

w 



TABLE 8. 
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ESTIMATED NUMDEJW OF PCJl~U]CI-< N..JD BIOMASS OF THE POL LOCI< POPULA··
TION IN THE BERING SEA BY VIRTUAL POPULATION ANALYSIS, i<.n0-78. 
<ANALYSIS WITH AGE SPECIFIC NATURAL MORTALITY> 

POPULATION SIZE IN MILLIONS OF FISH 

***********************************~o~~***~i**~*****************************: 
AGE 1970 1971 1972 1973 1974 1975 1976 1977 1978 

****************************************************************************: 
,., 11382 100l9 4502 ~5572 :l ~59~'5 :l :Li:J}().4 :L:LOS7 9622 7261 .:. 

3 7363 7629 6716 t 3018 3229 ; 0143 6603 7062 552~·5 
4 ....il!.2 4935 5114 4502] 1411 1222 \2827 :·3027 3495 -~·--------- --
5 2863 2757 3308 3428 1687 678 617 953 11.3l 
6 1289 1919 1848 2218 1280 771 400 321 317 
7 330 864 1287 1239 791 663 416 226 143 
8 66 221 579 862 443 406 348 219 1 "">"'" .:...J 

9 46 44 148 388 298 192 219 104 10<;> 
10 8 31 30 100 134 97 98 93 80 
11 8 6 21 20 44 47 43 39 38 
12 4 6 4 14 11 12 26 17 14 

TOTAL 27471 28431 23557 213/,:1. ::2!=5:~·.:-1 (} 229J5 22684 21743 18236 
. 

********************************************************~*****~*************~ 

POPULATION BIOMASS IN HUNDREDS OF METRIC TON~3 

**************************************1*1~~~*****i**1it~~jl*1****i****~*****~ 
AGE 1970 1971 1972 1973 1974 1975 1976 1977 1978 
****************************************************************************~ 

.,., 9147 8052 3618 4478 l/224 9836 9909 :l:1246 :l 0352 .:. 

3 14601 15130 13319 5984 8007 17948 14531 1822~) :L"7649 
4 14025 16831 17442 15354 5701 4573 10746 12372 :t.8013 
5 13943 13423 16109 16693 9320 3595 3371 520~) 7932 
6 8025 11950 11505 13807 8715 5207 2816 2:L21 2730 
7 2450 6407 9541 9185 6223 5322 3505 1698 142"7 
8 557 1864 4876 7261 3860 3688 3349 1805 1375 
9 428 410 1372 3588 2787 1916 2328 1439 1291 

10 81 308 294 986 1325 1032 1119 854 995 
11 90 57 217 208 450 526 519 36S1 4S)4 
12 48 63 40 151 110 139 328 160 :LB2 

TOTAL 63396 74496 "7B332 77694 63".7:1:1 !jJ".7:32 !'52!520 554?:.3 ,-S2440 
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and for the entire pollock population .using the .YJ?A procedure reported in 

Bakkala et al. (1979) (INPFC Doc. 2213). 

A comparison of pollock biomasses estimated within the NMFS comparative 

fishing area and for the entire population in all areas is as follows: 

Thousands of metric tons 
year NMFS Survey Area All areas Percentage 

1972 306 7,833 4 
1973 464 7,769 6 
1974 438 6,372 1 
1975 336 5,378 6 
1976 743 5,252 14 
1977 599 5,549 11 
1978 533 6,244 9 

This comparison shows that pollock biomasses estimated within the NMFS survey 

area averaged only 7% of the entire pollock population estimated from 

commercial fishery data by the VPA procedure. However, NMFS estimates by 

the area.:..swept method· were probably low. · The sampling -gear used by NMFS 

does not adequately sample the vertical component of pollock schools. The 

400-mesh eastern trawl used have a vertical opening of about· 1.7 m when 

the vertical thickness of pollock schools has been noted to be much greater. 

Also, the catchability coefficient of 1 used in the area-swept procedure 

of calculating biomass is too high because it assumes that all pollock 

within the path of the trawl gear are retained by the net. 

Year-Class Strength 

Absolute strength: The virtual population analysis shows that five 

consecutive strong year-classes entered the fishery during 1970-73 as 3-5 

year-olds. These were the 1965, 1966, 1967, 1968, and 1969 year-classes 

(Table 8). They were followed by two weak year-classes (1970 and 1971) which 

were less than half the strength of previous year-classes. These weak 
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year-classes were then followed by three consecutive,stronger year-classes 

(1972, 1973, and 1974) which contributed to the fishery during 1975-78. The 

1975 and 1976 year-classes also appear relatively strong, though not as 

strong as earlier year-classes. Although year-class patterns are not as 

well shown by NMFS surveys (Table 7), dominant year-classes are still 

discernible. Above average strength year-classes were 1969, 1972, 1973, 

1974, and 1975. The 2 weak 1970 and 1971 year-classes were also evident. 

Relative Strength: 

The relative strength of year-classes from NMFS surveys was also 

compared with those indicated by CPUE data from Japanese fisheries. An 

age abundance index by year-class was computed from survey results for 

the comparative ar~a (Table 9). The index was calculated by dividing the 

estimated population number at a specific age by the population size of the 

1971 year-class at age 4. Indices of year-class strength (CPUE by age) from 

connnercial fisheries data were computed from data presented in Okada et al. 

(1979) (See Table 10), and by us based on pair trawl catch-effort and U.S. 

observer length-age data. These CPUE's are also adjusted for differences 

in vessel horsepower (Low et al. 1977), and are presented by INPFC areas 

1 and 2, and both areas combined (Table 11). 

NMFS survey results suggest that for age-1 fish, the 1973 and 1976 

year-classes were exceptionally abundant, but subsequent ages of these 

year-classes appeared weak. For ages 2 through 4, the survey indices 

show some consistencies in that the 1972 and 1975 year-classes had the 

highest abundance values at ages 2 and 3, compared to other year-classes 

at these ages. 
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Table 9.--Indices of pollock abundance by year-class in NMFS comparative 
trawl survey area. 

Age Group 
Year class 1 2 3 4 5 

1971 7.4 4.8 2.7 1.0 1.2 

1972 7.0 7.9 5.7 9.4 2.1 

1973 26.3 3.7 4.4 2.3 1.3 

1974 7.0 4.6 1.4 4.7 

1975 6.8 5.8 7.5 

1976 20.8 3.7 
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Table 10.--CPUE (numbers per unit of effort) of pollock in the Japanese 
trawl fishery by year class ( from Okada et. al., 1979). 

A~e Grou;e 
Year class 2 3 4 5 

1970 9.72 5.45 1.59 

1971 3.23 10.62 4.41 1.65 

1972 8.98 20.14 13.01 2.48 

1973 2.15 12.13 7.61 2.51 

1974 5.88 8.73 7.60 2.25* 

1975 8.47 16. 70 10.42* 3.08* 

1976 4.76 13.93* 8.69* 2.57* 

*Projected 
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Table 11.--CPUE~/ of pollock by year class and area in the eastern Bering Sea. 
CPUE's are based on foreign catch and effort statistics and length-
age data from the u.s. Observer Program 

Year INPFC A9:e Group 
Class Area 1 2 3 4 

1970 1 28.28 7.43 
1971 29.86 78.68 18. 31 
1972 209.40 160.22 22.57 
1973 2.36 7.02 22.57 26.46 
1974 36.53 52.60 33.90 
1975 0.57 73.40 70.45 
1976 11.90 45.82 

1970 2 46.07 30.68 
1971 33.60 65.18 14.85 
1972 6.10 179. 07 260.35 131.44 
1973 14.37 85.44 247.45 131.95 
1974 4.91 32.54 168. 32 101.78 
1975 96.71 92.24 
1976 14.08 52.84 

1970 1,2 38.57 20.26 
1971 32.02 71.23. 16.45 
1972 3.50 192.66 213.98 87.98 
1973 8.86 46.48 129.76 83. 26 
1974 2.63 34.63 114. 90 69.44 
1975 0.06 85.95 81.86 
1976 13.07 49.50 

ll number per 10 HP-HR 
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The importance of the 1972 year-class continued at ages 4 and 5 (Table 9). 

The results therefore suggest that the 1972 and 1975 year-classes were the 

most abundant among the 1971 through 1976 year-classes. 

Okada et al. (1979) also shows that the 1972 and 1975 year-classes were 

exceptionally strong. These year-classes (as 2, 3 and 4-year olds) had the 

highest CPUE's relative to other year-classes (1971-76) of the same age (Table 

10). In 1974, the 1972 year-class at age 2 ranked a close second to other 

year-classes in contribution to total numbers of pollack taken in the fishery. 

The following year, this year-class provided some 66% of the total numbers taken 

that year. As 4-year olds, the 1972 year-class ranked first again. The 1975 

year-class was also dominant in the fishery as 2-year olds in 1977 and as 3-year 

olds in 1978 .. 

A comparison of CPUE's by age from Okada et al. (1979) with those from 

the surveys shows some weak and moderately strong relationships. Strongest 

correlations were found between CPUE's of similar ages within year-classes 

(age 2 vs. age 2, and age 3 vs. age 3), and weakest correlations between 

ages of the same year-class (age 2 of a year-class from surveys with ages 3 

and 4 from the,fishery, and age 3 of a year-class from surveys with age 4 

fish of the same year-class from the fisheryl(Figure 9). 

Our estimates of CPUE's from fisheries and observer data show some simi

larities with survey indices in that the 1973 and 1976 year-classes appeared 

strong as age one fish but, as age 2 fish, the 1972 followed by the 1975 

year-class was strong (Table 11). In subsequent ages (3 and 4) our CPUE 

estimates indicate that the 1972 year-class was strong followed by the 1972 

and 1974 year-classes. Survey indices do not show the 1973 and 1974 year

classes as being that relatively strong at ages 3 and 4. 
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Figure 9.--Comparison of NMFS survey abundance indices with that of the 
fisheries CPUE's for various age-year class combinations. 

* CPUE values from Okada et al. 1979. 
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It may be assumed that the relative abundance of the various year-classes 

at young ages (2-3) in the comparative survey area is proportional to their 

abundance in the total pollock population of the eastern Bering Sea. Pre

liminary analysis of survey data and CPUE's from Okada et al. (1979) suggest 

that this assumption has some basis. For predictive purposes it would be 

highly desirable to establish a relationship between the survey abundance 

index of a year-class at say, age 2, with the success of that year-class in 

subsequent years in the fishery. However, no significant correlation was 

found between age 2 fish of a year-class in the survey, and the fishery CPUE 

of age 3 and age 4 fish of the same year-class. But these comparisons did 

show that the 1972 and 1975 year-classes were stronger than other year-classes. 

This raises some hope that some prediction may be possible, but it may require 

a change in survey strategy or in analytical approach. 

Summation 

Trawl surveys conducted by NMFS in the comparative fishing area have 

not provided good information to assess the relative and absolute abundance 

trend of the pollock resource in the eastern Bering Sea. The limited area

time coverage of the resource and physical limitations of the trawl sampling 

gear have been the major problems. On the other hand, commercial fisheries 

statistics from the Japanese fishery samples a greater proportion of the 

pollock distribution, and therefore may be a better source of information 

to monitor pollock abundance. Despite limitations of NMFS surveys, 

dominant year-class patterns are apparently discernible by the surveys. 

In addition, much valuable biological information, some of which has not been 

mentioned here, has been collected of the species. L€ngth-weight, age-weight, 

sex-ratios, maturity, and fecundity are merely some examples of such informa

tion. These types of information were not available from the connnercial 
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fishery in the past, but in recent years, U.S. observers aboard foreign fishing 

vessels have begun to collect similar information. 
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OTHER SPECIES 

Pacific Cod 

The semi-demersal distribution, mobility and schooling behavior of cod 

makes them one of the more difficult species to survey. The trawl used during 

the crab-groundfish survey has a vertical opening of only 1.7 m and cod 

schools probably range farther off the bottom than is sampled by the trawl. 

The patchiness of cod schools also creates problems in assessing their abun-

dance. 

Pacific cod are mainly found on the outer continental shelf and slope 

and their distribution extends northward to the Asian coast in these waters 

(Figure 10). About 60% of the overall biomass of the surveyed population of 

cod was located in the southeastern Bering Sea (subareas 1, 2, and 4S) during 

the 1975 OCSEAP survey and 76% during the 1976 OCSEAP survey (Pereyra et al., 

1976; Bakkala and Smith, 1978). These data suggest that a substantial pro

portion of the population is located north of the crab-groundfish comparative 

area. 

The problems in assessing the abundance of cod is reflected by the 

biomass estimates derived from the crab-groundfish comparative area and from 

overall survey areas in 1975, 1976, and 1978 (Table 12). The 1975 data 

indicated that the biomass in the smaller crab-groundfish survey area was 

roughly twice that in the much larger OCSEAP survey area whereas the 1976 

data indicated just the opposite. The 1978 data indicated that 71% of the 

total surveyed biomass was located in the crab-groundfish comparative area. 

The comparability of size composition data from the crab-groundfish 

comparative area and total survey areas were also variable (Figure 11). 

In 1976 and 1978 the size composition of the overall sampled population 

was similar to data from the comparative area, while in 1975 smaller fish 



35 

63"N1-~---------~-...... ---.-...... - ....... ---.--..---.----'H'".....,,--...----,-........ -,--_,.--.---, 

62"N 

6l'N 

60"N 

59"N 

58'N 

57'N 

56°N 

55'N 

zoo,. 

PACIFIC COD 

AUG-OCT 1975 

CATCH IN kg/km i (:CA1CH 

10-20 

20-25 
)25 

54°NL.--L..-i..--L---l'---'----'-..L...---!,-..L..........J..--'--~.,,.,--.L...21~~~~~~=::::-'--:-~:::-..L--:-:=~ ,so· 178-W l76"W 174"W l72"W l70"W 168"W 166"'# l64"W 162°W I60-W I58"W 

63"N....--..--..,....---,--,---,,.......---.---,---,---,--nr--,---r--,--..,......--,r,-,:,-,---,--..,......--,r---,--,---, 

62"N 

61'N 

60"N 

59"N 

58'N 

57"N 

55•N • 

PACIFIC COD 
APRIL • JUNE 1976 

CATCH IN kg/km I NOCATCH 

(10 

10-20 

20-25 

)25 

iw~9L0-. --'--,1..1.e.-w--'-,16.J.-w'---'---,-74.._•...;.w--'----=,1,:1-2•~w-'--c,1:c:o',,-w,--'---:-::,sJ.:-s-w:::::--'-~,66~'Wt,=.=--,':::64'::.:::w-'--::,s;';:2:;; .• w:-"--:,~60::;•w:::-'..__;;;,5-:;:e,==-' 

Figure 10.--Distribution and relative abundance of Pacific cod during 
the 197_5 and 1976 OCSEAP surveys relative to the crab
groundfish comparative survey area. 
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Figure 11.--Size composition of Pacific cod as shown by the crab
groundfish surveys in the comparative fishing area and 
by the larger-scale OCSEAP surveys in 1975 and 1976 and 
by the total crab-groundfish survey in 1978. 
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ranging from 8-28 cm were not sampled in the comparative area. 

These data suggest that the migratory behavior of Pacific cod may result 

in a variable proportion of the population being sampled by the crab-ground-

fish surveys from year to year. 

Table 12.--Biomass estimates for Pacific cod from the crab-groundfish compara
tive area and from total survey areas in 1975, 1976, and 1978. 

Year 
Crab-groundfish 
Comparative Area 

Mean estimates (mt) 

1975 
1976 
1978 

111,500 
48,500 

134,000 

95% confidence limits (mt) 

1975 
1976 
1978 

Rock sole 

25,000 - 197,900 
23,200 - 73,700 
58,600 - 209,400 

Total OCSEAP and 
Crab Groundfish Areas 

64,500 
102,300 
188,600 

51,500 - 77,500 
70,600 - 134,000 
10,200 - 275,400 

Ratio of com
parative area to 
total survey area 
estimates 

1.783 
.474 
.no 

The distr.:;.bution of rock sole is mainly limited to continental shelf 

waters of the southeastern Bering Sea. Their distribution is largely covered 

by the crab-groundfish comparative area (Fig~e 12). The portion of the 

population sampled by the crab-groundfish survey is indicated by comparing 

biomass estimates derived from the survey area with those from the large -

scale OCSEAP survey' areas in 1975 and 1976 and total crab-groundfish survey 

area in 1978 (Table 13). These estimates indicate that 78% or more of the 

total biomass in the eastern Bering Sea was sampled within the comparative 
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Figure 12.--Distribution and relative abundance of .rock sole during 
the 1975 and 1976 OCSEAP surveys. relative to the crab
groundfish comparative survey area. 
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area. The relationship of the length compositions of rock sole in the com

parative area and those from the larger surveys of 1975, 1976, and 1978 

illustrate that the overall population size composition was adequately 

sampled in the comparative area (Figure 13). 

In summary, the above evidence indicates that the overall eastern Bering 

Sea population of rock sole is adequately sampled by the crab-groundfish 

survey. 

Table 13.--Biomass estimates for rock sole from the crab-groundfish compara
tive area and from total survey areas in 1975, 1976, and 1978. 

Year 
Crab-groundfish 
Comparative Area 

Mean estimates (mt) 

1975 
1976 
1978 

173,778. 
189,407 
109,470 

95% confidence limits (mt) 

1975 
1976 
1978 

118,434 - 229,122 
121,919 - 256,896 

76,736 - 142,203 

Flathead sole 

Total OCSEAP and 
Crab Groundfish Areas 

170,300 
236,067 
140,044 

138,300 - 202,200 
79,984 - 392,151 
96,859 - 183,228 

Ratio of com
parative area to 
total survey area 
estimates 

1.020 
0.802 
o .• 782 

The distribution of flathead sole is primarily limited to the outer continen

tal shelf and slope (Figure 14). The 1975 OCSEAP survey,in August-October 

showed flathead sole ranging on the outer shelf north to at least 62°N (Figure 14). 

A large part of the biomass (71%) was located in the southeast Bering Sea 

(subareas 1, 2, and 4S) (Pereyra et al., 1976). Continental slope waters were 
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also surveyed during the 1976 OCSEAP survey. About 10% of the biomass was 

located in slope waters (Bakkala and Smith, 1978). The proportion of the 

biomass on the slope probably decreases in summer as the population generally 

moves to shallower water. These data suggest that most of the population is 

located in contin~ntal shelf waters of the southeastern Bering Sea in summer 

months. 

Biomass estimates from the crab-groundfish comparative area in relation 

to biomass estimates in the OCSEAP survey areas in 1975 and 1976 and the 

total crab-groundfish survey area in 1978 also indicates that most of the 

biomass is located in the southeastern Bering Sea. The estimates indicate 

that 77% or more of the biomass in the larger survey areas are contained in 

the comparative area (Table 14). 

Length composition data from the comparative area and the larger survey 

areas in 1975, 1976, and 1978 show that the full size distribution of flat

head sole was sampled in the comparative area (Figure 15). 

It therefore appears that the crab-groundfish comparative area provides 

adequate assessment data for flathead sole. 
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Figure 15.--Size composition of flathead sole as shown by the crab
groundfish surveys in the comparative fishing area and by 
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44 

Table 14.--Biomass estimates for flathead sole from the crab-groundfish compara
tive area and from total survey areas in 1975, 1976, and 1978. 

Crab-groundfish 
Year Comparative Area 

Mean estimates (mt) 

1975 96,757 
1976 106,733 
1978 67,324 

95% confidence limits (mt) 

1975 
1976 
1978 

53,400 - 140,093 
48,857 - 164,609 
48,645 - 86,004 

Total OCSEAP and 
Crab Groundfish Areas 

113,000 
99,430-
86,943 

93,900 - 132,100 
63,848 - 135,012 
65, 984 - 10 7, 902 

Greenland Turbot and Arrowtooth Flounder 

Ratio of com-
parative area to 
total survey area 
estimates 

.856 
1.073 

• 774 

The distribution of Greenland turbot in summer is broad, extending over most 

of the continental shelf and slope of the eastern Bering Sea, whereas in winter 

and spring the distribution is mainly limited to the outer continental shelf 

and slope (Figure 16). The distribution of arrowtooth flounder is more restric

ted being mainly limited to the outer continental shelf and slope (Figure 17). 

Distributions of juveniles and adults differ for each of these species. The 

juveniles are mainly found on the continental shelf and the adults mainly on 

the slope. The age composition of fish taken on the continental shelf in the 

comparative fishery area by U.S. research vessels and by Japanese commercial 

trawlers operating on the slope illustrates differences in populations in the 

two areas. The arrowtooth flounder taken by research vessels on the shelf 

were mainly ages 2-4, but commercial trawler catches on t~e slope were mainly 

ages 4-9 (Figure 18). The Greenland turbot taken by research vessels on the 
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shelf were mainly ages 1-3 (Figure 19), while those taken by commercial trawlers 

were mainly older than age 3 (Figure 20). 

Only the juvenile portions of the populations are sampled in the crab

groundfish comparative area and even the juveniles are only partially sampled, 

particularly in the case of Greenland turbot (Figures 16 and 17). The pro

portion of the biomass in the comparative area relative to the total survey 

areas in 1975, 1976, and 1978 ranged from 0.163 - 0.443 for Greenland turbot 

and 0.693 - 0.799 for arrowtooth flounder (Table 15). 

It is clearly evident that the crab-groundfish comparative fishing area 

provides inadequate information for assessing the overall condition of the 

Greenland turbot and arrowtooth flounder resources. The survey may be an 

adequate index area for juvenile age groups, especially for juvenile arrow

tooth flounder, but data for the adult populations are lacking to relate 

juvenile abundance to abundance of the adults. 
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Table 15.--Biomass estimates for Greenland turbot and arrowtooth flounder 
from the crab-groundfish comparative area and from total survey 
areas in 1975, 1976, and 1978. 

Year 
Crab-groundfish 
Comparative Area 

Total OCSEAP and 
Crab Groundfish Areas 

Mean estimates - Greenland turbot (mt) 

1975 
1976 
1978 

20,600 
22,600 
20,200 

126,700 
51,000 

110,200 

Mean estimates - Arrowtooth Flounder (mt) 

1975 
1976 
1978 

19,400 
,32, 600 
38,200 

28,000 
40,800 
48,200 

95% confidence limits - Greenland turbot (mt) 

1975 
1976 
1978 

14,200 - 27,100 
15,000 - 30,300 
12,282 - 28,100 

112,700 - 140,700 
43,200 - 58,800 
89,700 - 130,700 

95% confidence limits - Arrowtooth Flounder (mt) 

1975 
1976 
1978 

9,000 - 29,700 
15,900 - 49,300 
23,200 - 53,200 

22,700 - 33,300 
30,000 - 51,700 
31,100 - 65,200 

Sablefish, Pacific ocean perch and other rockfish 

Ratio of com
parative area to 
total survey area 
estimates 

.163 

.443 

.183 

.693 

.799 

.793 

The distribution of sablefish, Pacific ocean perch and other species 

of rockfish in the eastern Bering Sea are almost entirely limited to the 

continental slope. Because the crab-groundfish comparative area is restric

ted to continental shelf waters, these species are essentially unsampled by 

the survey. 
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DISCUSSION 

Review of the 1973-78 crab-groundfish time series provided a number of 

conclusions regarding the adequacy of the data for assessing the condition 

of groundfish resources of the eastern Bering Sea. The time series provided 

good information for assessing the abundance and size and age composition of 

yellowfin sole and rock sole and appeared to provide adequate information 

for assessing the condition of the flathead sole resource. The area of the 

crab-groundfish survey may be too restricted for assessing the condition of 

the pollock and cod resources. A major proportion of the adult populations 

and most of the juvenile age one pollock are located north of crab-ground

fish survey area. There is the additional problem of some proportion of 

the pollock and cod population being located above the sampling gear. The 

Greenland turbot and arrowtooth flounder resources are also inadequately 

sampled because the adult populations inhabit continental slope waters 

that are not covered by the crab-groundfish survey. The sablefish and 

rockfish populations also occupy slope waters and are almost entirely 

unsampled by the survey. 

The limitations of the crab-groundfish survey area for assessing some 

of the commercially important species of groundfish have been recognized 

for some time. The survey area has not been altered or expanded (except 

in 1978) because of the need to provide annual assessments of the red king 

crab resource in the southeastern Bering Sea and the limitations on 

research vessel time. 

Expansion of the survey area will be required to adequately assess the 

several commercially important demersal fish in the eastern Bering Sea. 

Waters of the inner continental shelf north to at least 59°N and preferably 
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to 61°30'N (to incorporate areas around Nunivak and St. Mathews Islands 

where concentrations of yellowfin sole and pollack are located) should be 

surveyed. The survey area should also be expanded north on the outer 

continental shelf to the u.s.-u.s.s.R convention line to assess the pollack, 

cod and Greenland turbot resources in this region. In addition, the. con

tinental slope needs to be surveyed to provide information on the condition 

of Pacific ocean perch and other rockfish, sablefish, Greenland turbot and 

arrowtooth flounder. It will probably also be necessary to incorporate hydro

acoustic methods into the surveys to ass~ss the off-bottom portion of the 

pollack and cod populations. 

Research vessel effort needed to assess the condition of all species of 

demersal fish have been estimated in two studies. Ikeda (1979) concluded 

that 426 trawl stations were required to provide biomass estimates with 95% 

confidence limits of~ 10-15%. Eggers (1979) has estimated that from 560-

600 stations are required to provide biomass estimates with 95% confidence 

limits of+ 20% for pollack, yellowfin sole, and Pacific cod and 95% con

fidence limits of+ 40% for other commercial species. Results of 1979 

joint u.s.-Japanese trawl survey in the eastern Bering Sea will provide 

data to evaluate these findings and to more precisely define effort require-. 

ments. 

Based on the above studies, sampling effort of 426-600 bottom trawl 

stations will be required to provide biomass estimates with relative 

narrow confidence limits. Two or three research vessels will be needed for 

a period of 60 days each to carry out a survey of this magnitude. It 

would also be desirable to use part of this vessel time or an independent 

vessel to survey hydroacoustically the off-bottom populations of pollack 

and cod. This level of effort may be difficult to sustain on an annual 

basis by either the United States or Japan. 
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Yet some means of monitoring the major groundfish stocks on a periodic 

basis in a manner independent of the fisheries should be found. The fisheries 

change because of changes in fishing tactics and species emphasis. Measures 

of directed effort on some species may be difficult or impossible to estimate. 

Management regulations may be introduced that will disrupt continuities in 

data series from the fisheries. Surveys can provide the data continuity be

cause of the standardized manner in which they are conduqted. They can also 

be set up to monitor long-term changes in the composition of the demersal 

animal community relative to geographical area and environmental conditions. 

We cannot assume that the present order of species dominance in the community 

and the relative importance of species in the fisheries will continue without 

major change in the future. 

There is no doubt that the annual crab-groundfish survey has some serious 

shortcomings relative to the assessment of pollock, cod, turbots, blackcod, 

and Pacific ocean perch - species resources whose main distribution in terms 

of adult abundance and the fisheries lie entirely or mostly outside of the 

comparative area of the crab-groundfish survey. Expansion of the annual 

survey to adequately assess these resources in the manner suggested earlier 

in this discussion would be costly. Fisheries information through the 

observer program provides one means of monitoring some of these resources, 

particularly pollock on an annual basis. Perhaps an expanded survey 

at intervals greater than one year might be advisable so as to establish 

a standardized monitoring of the demersal fish and crab community of the 

eastern Bering Sea and would include the resources of the continental 

slope. The recent 1979 survey by the U.S. and Japan in the Bering Sea is 

a beginning attempt to establish such a series. The NWAFC looks favorably 

on continuing such an extensive survey every three years in the eastern 
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Bering Sea. The results of the 1979 survey would provide guidelines as to 

setting up an effective triennial survey. 

The annual crab-groundfish survey strategy should also be examined in the 

light of findings presented in this report. One of the potential values of 

the annual crab-groundfish survey may be in indexing prerecruit strength. 

Changes in survey design and some geographical, and depth extension of the 

present survey may be necessary to improve this indexing for some species, 

and also provide better survey coverage of the adults of some species. 

There are research problems that fisheries information and trawl surveys 

may not in themselves be able to resolve. These problems may require special 

surveys. One example of such a problem is the one concerned with the relation

ship of pelagic pollack over the Aleutian Basin with pollack in the eastern 

Bering Sea shelf and slope. Hydroacoustic-trawl surveys and the collection 

of pollack tissues for biochemical genetic studies in 1979 were recent efforts 

to understand this relationship. We can anticipate other research problems that 

may arise which will require special surveys. 

From the foregoing discussion and the results presented in this report, 

the following recommendations are made. The current annual crab-groundfish 

survey should be modified to improve the accuracy and precision of abundance 

and recruitment indices on the flounder species and some of the roundfish 

species that are not adequately assessed through fisheries and u.s. observer 

data analyses. The latter data sources must be heavily relied upon for 

current information on pollack. The U.S. crab-groundfish survey, as it 

has been conducted, apparently does not provide a good index to abundance 

of the pollack population. However, to monitor long-term changes in 

pollack abundance as well as other species in the demersal animal community 
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of the eastern Bering Sea, a much more extensive survey than the annual crab

groundfish survey should be conducted at periodical intervals, such as every 

three years. The 1979 survey is an example of such a survey. The triennial 

survey should be a joint u.s.-Japan effort and include hydroacoustic assess

ment of semidemersal species, such as pollock. 
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