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IN THE EASTERN BERING SEA IN WINTER 1989 

by 

Taina Honkalehto 

ABSTRACT 

Pollock fishery management has been complicated by the lack 
of understanding of the relationships between pollock inhabiting 
the Bering Sea shelf and those found in the Aleutian Basin. In 
order to address these and other management-related questions 
about Bering Sea pollock, the U.S. has combined information from 
demersal trawl surveys and echo integration/ midwater trawl 
(EIMWT) surveys, and has conducted cooperative international 
research with other nations fishing in the Bering Sea, 
principally Japan. In winter, 1989 U.S. scientists from the 
Alaska Fisheries Science Center, cooperating with scientists from 
the Japanese National Research Institute for Far Seas Fisheries, 
conducted an EIMWT survey of the east-central Aleutian Basin 
region (Donut Hole), the Bogoslof Island spawning aggregation, 
and the portion of the eastern Bering Sea shelf south and east of 
60° N and 175° w. Analysis of the U.S. data, presented in this 
report, indicated that very few pollock were observed throughout 
most of the Ale~tian Basin. Large pollock aggregations observed 
near Bogoslof Island in about 200 m of water spawned during the 
last week of February. Pollock spawning aggregations were also 
observed on the eastern Bering Sea shelf between Unimak Island 
and the Pribilofs. Fish sampled from the basin near Bogoslof 
Island had biological characteristics similar to other fish 
caught in the basin, but were different in length and age 
composition from fish caught on the shelf. On the shelf, 
spawning appeared to occur later and over a longer time period 
than in the Bogoslof area. Among fish age 8 and older, average 
length-at-age was greater for shelf pollock than for those from 
the Aleutian Basin. 



INTRODUCTION 

Walleye pollack (Theraqra chalcoqramma) have supported the 
world's largest single species fishery for many years (Dawson 
1989). In North American waters, pollack have been fished 
traditionally from their semi-demersal habitat on the eastern 
Bering Sea shelf. Exploitation of pollack in the eastern Bering 
Sea by foreign fleets, principally Japan and the u.s.s.R., began 
in the early 1960s as stocks of Pacific Ocean perch (Sebastes 
alutus) declined. Pollock catches on the shelf grew to a peak of 
1.9 million metric tons in 1972. In 1977, the implementation of 
the Magnuson Fisheries Conservation and Management Act, which 
extended U.S. jurisdiction to 200 miles, initiated a gradual 
replacement of foreign fleets by U.S. domestic fleets inside the 
U.S. Exclusive Economic Zone (EEZ). By 1988, domestic vessels 
harvested all the pollack taken in the U.S. EEZ (Table 1). 
Foreign fleets forced from the shelf region began harvesting 
pelagic pollack from the international zone (known as the Donut 
Hole) of the Aleutian Basin (Dawson op. cit.). Additionally, new 
fishing grounds were initiated in the U.S. EEZ portion of the 
Aleutian Basin and in deep waters in the western Bering Sea. In 
1987, catches totaling 377,000 t of pollack were taken from 
pelagic spawning schools in the U.S. Aleutian Basin waters around 
Bogoslof Island {Table 1). This accounted for nearly 30% of the 
entire pollack catch in the U.S. Bering Sea EEZ. In 1988, 88,000 
t were taken near Bogoslof Island. Some of the reduction in 
total catch from the Bogoslof area between 1987 and 1988 may have 
been due to restrictions on activity of the fleet during a 
portion of the 1988 fishing season. 

Japan and the U.S. have conducted eastern Bering Sea 
pollack surveys since the early 1970s. Prior to 1975, survey 
effort by both nations was limited, and was mainly to aid the 
growth of groundfish fisheries {Bakkala and Wakabayashi 1985). 
In summer 1979, the U.S. and Japan conducted a cooperative, 
comprehensive survey of the eastern Bering Sea shelf. This was 
the first pollack survey to utilize echo integration/ midwater 
trawl (EIMWT) techniques. Previous work had indicated that a 
significant proportion of the pollack population inhabited 
midwater, suggesting that bottom trawl surveys were not 
sufficient to assess the whole pollack population. The U.S. has 
continued to conduct comprehensive demersal trawl surveys of the 
eastern Bering Sea shelf each year, until the present time. 
Cooperative, triennial, summer surveys of the Bering Sea shelf 
with the Japanese have also continued to the present. In these 
surveys, EIMWT data and bottom trawl data are combined to 
estimate pollack biomass for the entire water column. In 
addition to conducting triennial surveys, the U.S. surveyed the 
southeast shelf in winter 1981 to investigate seasonal changes in 
groundfish distribution (Shimada et al. 1983), and in late 
April - early May, 1982 to determine the feasibility of 
conducting EIMWT surveys of eastern Bering Sea pollack during the 
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spawning season. 

The earliest Aleutian Basin surveys were conducted in the 
late 1970's. Japanese fisheries scientists surveyed the entire 
Aleutian Basin in 1977, 1978, 1979 and 1983 (Okada 1986), and 
have surveyed the basin annually since 1987. In 1987, intensive 
fishing in the Donut Hole and near Bogoslof Island raised 
management issues related to the interaction between basin 
pollack and pollack inhabiting the shelf. This prompted the U.S. 
to survey the southern Donut Hole and southeastern Aleutian Basin 
in 1988. 

In winter 1989, the U.S. and the Japanese cooperated in an 
exploratory survey of the Aleutian Basin and the eastern Bering 
Sea shelf. The U.S. also repeated the intensive survey near 
Bogoslof Island. The major objectives of this comprehensive 
survey were to identify and quantify significant concentrations 
of spawning pollack, to investigate the relationships between 
potentially different pollack populations inhabiting the shelf 
and the Aleutian basin, and to address other ecology and life 
history questions about eastern Bering Sea pollack. 

SURVEY METHODS 

The winter 1989 EIMWT survey was conducted jointly by U.S. 
scientists from the Alaska Fisheries Science Center (AFSC) and 
Japanese scientists from the Japanese National Research Institute 
for Far Seas Fisheries (NRIFSF). Japanese scientists, aboard the 
Kaiyo ~, began survey operations in the Donut Hole in late 
December 1988. In January 1989, they were joined by U.S. 
scientists aboard the NOAA ship Miller Freeman. The two 
scientific teams surveyed the Aleutian Basin and the eastern 
Bering Sea shelf using alternating parallel transects. This 
report describes the U.S. results only. Analyses of the combined 
data will be presented at a later date. 

Transect lines were surveyed with a scientific quality echo 
integration and target strength measurement system operating at 
38 Khz. The transducer, housed in a dead-weight fin, was towed 
at approximately 15 m below the surface. system electronics were 
housed in a portable container mounted on the weather deck of the 
vessel. Echo data were processed using a Hewlett Packard 1000 
computer. Standard sphere calibrations of the acoustic system 
were conducted periodically throughout the survey. These results 
were consistent between calibrations, and were used to scale the 
echo integration data. Karp and Traynor (1989) further describe 
EIMWT survey and biological sampling techniques. 

The U.S. portion of the cooperative survey began in mid
January, 1989 (Table 2). At the start of the survey the 
trackline consisted of parallel transects east of the 
U.S./U.s.s.R. convention line in the Aleutian Basin, spaced 80 
nmi apart and oriented in a north-south direction (Fig. 1). East 
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of 172° w, transect spacing was reduced to 40 nmi (Fig. 2). on 
the shelf north of Unimak Island, transect spacing was further 
reduced to 20 nmi. In early February, a few days were spent 
surveying an area between Bogoslof Island and the Islands of Four 
Mountains to collect information on size and maturity of pre
spawning pollack. After completion of the large scale 
basin/shelf survey, a detailed survey of the spawning pollack in 
the Bogoslof Island region was conducted. Transects were spaced 
10 nmi apart and extended north from the Aleutian Islands chain 
approximately 40 nmi (Fig. 3). 

survey operations were conducted 24 hours a day. Vessel 
speed varied between 5 and 12 knots depending upon weather 
conditions. Echo integrator density estimates were computed at 1 
minute intervals for each of up to 400 contiguous 1-m depth 
strata between 5 m below the transducer and the bottom, and for 
40 1-m depth intervals between O and 40 m above the bottom. 
These 1-m values were combined to provide estimates of surface 
density (kg/m2 ) to within 3 m of the bottom. 

Midwater trawl hauls were made to collect biological samples 
whenever significant echo sign was encountered using a modified 
Northern Gold 1200 midwater rope trawl (NET Systems, Inc. 1). The 
trawl, which had ropes in the forward section and stretch mesh 
sizes ranging from 64 inch {163 cm) forward to 3.5 inch (8.9 cm) 
in the cod end, was rigged in a bridle-less configuration, with 5 
m2 doors, two 455 kg tom weights, and a 1-1/4 inch (3.125 cm) 
mesh cod end liner. Trawl mouth opening and depth were monitored 
with a third-wire netsounder system mounted to the headrope of 
the trawl. The vertical net opening ranged from 12 to 23 fm (22 
to 42 m) with an average of 17 fm (31 m). The distribution of 
trawl stations corresponded to the occurrence of echo sign. 
Individual trawl durations depended on the time required to 
capture an adequate biological sample of the target echo sign. 
The average trawling speed was about 3 knots. Standard catch 
sorting and biological sampling procedures, similar to those 
described in Wakabayashi, Bakkala and Alton (1985), were used to 
provide estimates of weight and number by species for each haul. 
Walleye pollack were further sampled to determine sex, length, 
weight, age, maturity, ovary weight, and stomach composition. 
Other pollack samples were preserved for genetic and 
morphometric/ meristic studies to examine stock structure. 
Gonadosomatic indices {GSis) were computed for female pollack 
that were judged to be participating in a late winter spawning. 
GSI was defined as the ratio (percent) of ovary weight to total 
body weight (Htun-Han 1978). Just after the completion of the 
U.S. 1989 survey, a U.S. scientist participated in a survey of 
the eastern Bering Sea shelf and eastern Aleutian Basin aboard 

1 Use of a product name does not imply endorsement by the U.S. 
government. 
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the Soviet research ship Babushkina. Biological data collected 
during that survey between March 10 and April 1, 1989 were 
combined with the U.S. data to provide a longer time series of 
spawning pollack information. 

The spawning biomass estimate for the southeastern Aleutian 
Basin included pollack inside a 7584 nmi2 area surrounding 
Bogoslof Island in waters over 200 m deep (Fig. 3). To obtain 
shelf biomass estimates, the shelf was divided into four 
subregions (Fig. 2) based on bathymetry, transect spacing and 
potential biological differences between pollack populations on 
the northwest versus the southeast shelf (Traynor and Nelson 
1985a). The north shelf area covered 14,897 nmi2 west of St. 
Paul Island between 175° and 171° w. A Pribilofs area biomass 
estimate was made for dense schools surveyed in a 1423 nmi2 area 
from 171° to 168° 40'W. East of 168° 40' W, a middle shelf region 
was defined as 2822 nmi2 of shelf stretching to about 166° 20' W, 
and lastly, the south shelf comprised 7530 nmi2 , extending 
eastward to 163° 20' W. Confidence limits around the biomass 
estimates are provided for Bogoslof and for the south shelf 
region, but not for the other shelf regions because some of the 
conditions required by the estimation procedure were not able to 
be satisfied, due to weather and equipment constraints on the 
survey design. 

Water temperature/conductivity profile data were collected 
at each trawl site and other selected locations using a Seabird 
CTD system. Additional information was obtainect by deploying 
XBTs. Surface temperatures were measured with a bucket 
thermometer. 

RESULTS 

Twenty seven midwater trawl hauls were made during the 
cruise (Table 3). Pollock was the most abundant species by 
numbers (and by weight) encountered in trawl catches (Table 4). 

Aleutian Basin 

Throughout the 1989 survey of the Aleutian Basin (Fig. 1; 
2487 nmi of transects) west of approximately 176° W, very little 
echo sign of any kind was observed. Pollock were only observed 
in the vicinity of haul 3 (Fig. 1), where a very light scattering 
layer was detected between 240 and 320 meters (Fig. 4). This 
trawl yielded 286 pollack in a 3.2 hour tow. During early 
February in the D~nut Hole, a number of foreign vessels were 
present but most did not appear to be fishing. The Polish fleet 
had been unable to locate any fishable pollack concentrations at 
that time (J. Traynor, personal communication). Further results 
of the Aleutian Basin portion of the 1989 survey await analysis 
of the joint Japanese-u.s. data. 

At the northern ends of transect lines in the Donut Hole 
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north of haul 3 (Fig. 1), CTDs revealed strong thermoclines at 
about 200 m deep, separating 1.5° c, less saline, water from 3-
3.50 C water below. Basin pollock in low density scattering 
layers inhabited water of about 3.5° c (Fig. 4). In January, all 
female pollock sampled from the layer shown in Figure 4 were at a 
pre-spawning stage (mature but not yet spawning). The males 
sampled were 86% pre-spawning and 14% spawning. The very cold 
surface water, which did not contain any echo sign, gradually 
disappeared as the survey moved from north to south in the basin, 
until it was no longer detectable in the Bogoslof Island region. 

Between February 12 and March 1, transect lines totaling 
approximately 2600 nmi were surveyed in an area extending from 
the Aleutian Island chain to the 100 m contour line on the shelf 
(Table 2, Fig. 2). The survey proceeded eastward from about 174° 
W to north of Unimak Island. The only significant pollock echo 
sign in the basin was found in three high density schools located 
near the Islands of Four Mountains and Bogoslof Island. 

Bogoslof 

Acoustic sampling and five trawl hauls were made in the 
region between the Islands of Four Mountains and an area just 
east of Bogoslof Island in early February (Fig. 1). From January 
throughout most of February, the water column temperature profile 
was uniform at 3.5° c. Pollock schooled in high densities at 
depths between 350 and 500 m. Trawl hauls made to identify the 
observed echo sign in early February indicated that about 70% of 
the males were in spawning condition, while 99% of the females 
were pre-spawning. On February 23 - 25, almost all male pollock 
from two trawls made in this area were in spawning condition. 
Most (79%) of the females from these hauls were pre-spawning, but 
by then 18% were actively spawning. 

From March 1-7, 1989, the region between 166° Wand 170° 20' 
w was resurveyed at 10 nmi spacing (Fig. 3). The trackline 
mileage totalled approximately 1000 nmi. Few fish were detected 
east of 167° 30' w. West of this longitude and south of Bogoslof 
Island, dense concentrations of pollock were observed in the 200 
to 350 meter depth range (Figs. 5 (night), and 6 (day)). The 
water column appeared to have more structure near the Bogoslof 
spawning schools than it did during February, but less than that 
observed in the northern Aleutian Basin in January, and the 
surface temperature was warmer. Trawl catch sex ratios varied 
considerably because it was difficult to obtain a representative 
sample from the extremely high density scbools. The percentage 
of females in a trawl catch ranged from 42% to 98%. The maturity 
composition of fish in this area had changed markedly since the 
first pass through in January. More than half of the female 
pollock had spawned, indicating that peak spawning had most 
likely occurred in the last few days of February or the few first 
days of March. The GSI peaked at around February 25, providing 
further evidence that most spawning occurred shortly thereafter 
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(Fig. 7). 

The biomass estimate for Bogoslof pollock spawning 
aggregations was 2.1 million metric tons in 1989 (Table 5). 
Lower and upper 95% confidence limits were 0.7 and 3.4 million 
metric tons, respectively. The 1978 year class (age 11) 
accounted for 42% of the total biomass. over 11% of the 1989 
biomass consisted of the 1982 year class (age 7). Fish ranged in 
size from 37 to 58 cm with a mean length of 48.6 cm (Fig. 8). 

Eastern Bering Sea Shelf 

Pollock were encountered on each of the transect lines on 
the eastern Bering Sea shelf. Northwest of the Pribilof Islands, 
pollock densities were relatively low. Concentrations of fish 
were observed in an area near st. George Island and in the region 
northwest of Unimak Island. Densities were significant, though 
not as high as those observed near Bogoslof Island. Most of the 
shelf echo sign was contiguous with the bottom and extended about 
40 m above bottom (Fig. 9). Of the mature females in the 
southeast shelf region, less than 5% were actively spawning (Fig. 
10). GSI values for female pollock caught on the southeast shelf 
did not appear to peak and drop off, and did not reach the same 
maximum values as they did for Bogoslof pollock (Fig. 7). These 
differences could have been due to sample timing (if peak 
spawning were missed), different fish sizes, or biological 
differences between the two regional aggregations. Approximately 
half of the mature males on the_southeast shelf were in spawning 
condition. 

The north shelf area estimate was 277 thousand t of pollock 
(Table 6). The 1984 year class (age 5) made up about 41% of the 
biomass and 49% of the population by numbers. The 1982 year 
class contributed 33% of the biomass and 27% of the numbers. 
Female pollock from the two trawl hauls taken in this region were 
judged to be mostly developing (54%), thus not spawning in the 
winter 1989 season. The males sampled in this region were 45% 
developing, 37% pre-spawning and 18% actively spawning. GSI 
values for north shelf females were not included in the analysis 
because of the low proportion judged to be mature. The average 
length of these pollock was lower than those in the other three 
shelf regions. Their lengths ranged from 31 to 54 cm with an 
average of 40.9 cm, and the youngest fish present were the 1985 
year class (age 4) (Figs. 11 and 12). 

Denser pollock concentrations were observed near the 
Pribilof Islands than on most other regions of the shelf. A 
biomass of 284 thousand twas estimated for the region (Table 6). 
Most (98%) of the females sampled from a single trawl haul made 
on February 21 were pre-spawning, while the males were 78% pre
spawning and 22% spawning. Lengths of males and females combined 
ranged from 37 to 65 cm, with a mean of 46.5 cm (Fig. 11). The 
1982 year class made up 41% of the biomass and 45% of the 
numbers, whereas the 1984 year class only made up 11% of the 
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total biomass and 16% of the numbers. A higher proportion of 
1978 year-class fish appeared in this area than on the north 
shelf (Fig. 12). 

Fewer pollock appeared in the middle shelf area than were 
detected in the smaller Pribilofs area. The biomass estimate was 
123 thousand t. Weather prevented trawling directly on these 
fish; we assumed that they were similar to the fish on either 
side of the area, and described mid-shelf pollock biological 
characteristics using the two nearest hauls from the south shelf 
and one from the Pribilofs area. Figures 11 and 12 show how the 
estimated mid-shelf biomass and population would be distributed 
by length and by age, respectively, if the mid-shelf fish were 
biologically similar to those from the two adjacent areas. 

The south shelf pollock aggregation, northwest of Unimak 
Island, had an estimated biomass of 535 thousand t. Lower and 
upper 95% confidence limits were 455 thousand t and 617 thousand 
t, respectively. The fish ranged in size from 33 to 75 cm with 
an average length of 45.4 cm (Fig. 11). Year-classes 
characterizing the south shelf pollock were 1982, 1984 and 1981 
with 42%, 23%, and 8% of the population in numbers, respectively 
(Fig. 12). Pollock densities were similar to densities observed 
in the Pribilofs area, but the aggregations were more numerous 
and spread over a larger area. The distribution of pollock 
aggregations was shaped like a horse shoe that opened to the 
west; we detected very little echo sign in the central portion of 
the south east shelf between 55° 40' N and 54° 50' N, as we 
surveyed from west to east, until about 165° W longitude. 

DISCUSSION 

Acoustic observations in winter 1989 revealed very few 
pollock in most of the Aleutian Basin. The 1988 Aleutian Basin 
survey revealed similarly low occurrences of echo sign and low 
catch rates outside of the Bogoslof area (Karp and Traynor 1989). 
Analysis is currently underway to estimate a biomass for the non
Bogoslof portion of the basin, but it is unlikely to change the 
initial observation of a low population size in January. Dawson 
(1989) discussed the hypothesis that pollock migrate from the 
Donut Hole area to Bogoslof to spawn. Although our survey was 
not designed to address pollock migration patterns in the basin, 
our observations, results of previous surveys (Traynor 1990), 
information from the Polish fishing fleet, and biological 
similarities between basin and Bogoslof pollock support that 
hypothesis. 

In 1988, pollock were distributed in two large schools, one 
north and one south of Bogoslof Island (Traynor 1990). This 
year, pollock were horizontally distributed in one extensive 
aggregation oriented east-west, south of Bogoslof Island, and in 
a much smaller concentration north of Bogoslof. Whereas the 
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schools inhabited depths of 350 to 500 min early February, by 
late February they had moved up to 150 to 200 m and were actively 
spawning. By the end of the first week in March, pollack near 
Bogoslof Island had mostly completed spawning (Fig. 7). At the 
end of the survey, near 170° W, some pollack were observed to 
formed elongated, lens-like, low density aggregations extending 
northwest of Bogoslof Island. Sasaki (1989) described similar 
seasonal changes in the vertical structure of winter pollack 
schools in the basin. He reported that basin pollack inhabited 
depths ranging from the surface to 200 min summer, moved to 
aggregations below 250 min mid-February, and rose to inhabit 100 
to 200 m waters in March. He ascribed these changes to seasonal 
changes in oceanographic conditions. Our temperature data were 
not complete enough to form any strong inferences about 
temperature and spawning pollack distribution. They did show 
that relatively warmer water is found at around 200 min the 
winter near Bogoslof than elsewhere in the basin or on the shelf, 
and to suggest that further study of the relationship between the 
temperature and spawning aggregations may be warranted. 
Biologically, Bogoslof pollack were characterized by two strong 
year classes, 1978 and 1982, a lack of fish younger than age 5, a 
narrow length range, and an identifiable peak spawning time for 
females. The absence of young spawners in Bogoslof implies that 
fish recruit from elsewhere; perhaps from the adjacent shelf. 

On the continental shelf, pollack were observed in water of 
at least 2° c (Fig. 9). The largest schools were found in an 
area near the Pribilof Islands, and in the southeastern shelf 
region west of Unimak Island. These observations differed from 
those during the summer 1988 EIMWT survey, when most pollack were 
aggregated north and west of the Pribilofs and had a higher 
proportion of younger age classes (Bakkala et al. in press). 
Midwater pollack biomass on the shelf in summer 1988 was 
estimated at 4.6 million t, while the corresponding winter 
estimate was only 1.2 million t. Differences may be due to the 
fact that in summer 1988, most pollack were observed north and 
west of the Pribilof Islands, out of our winter 1989 survey area. 
Shimada et al. (1983) compared distribution and abundances of 
groundfish from the summer 1979 triennial survey with a 1981 
winter survey, on the outer Bering sea shelf and slope area that 
corresponds to our 1989 shelf survey area. Their results 
suggested that the slope environment was oceanographically more 
benign in winter than the shelf and supported larger populations 
of many species of groundfish that normally inhabited the shelf 
in summer, implying, in turn, that the slope waters may harbor 
shelf pollack in winter. Although we did not observe extensive 
aggregations of pollack on the slope in winter 1989, we will 
obtain more eastern Bering Sea shelf/slope observations during 
our winter 1991 survey, which could provide more insight about 
that hypothesis. 

The 1979 survey first reported the high abundance of 1978 
year-class pollack, and provided evidence of biological 
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differences such as growth rate, age composition, and spawning 
timing between pollock from different areas of the shelf and 
basin. For example, basin pollock appeared to grow much more 
slowly than shelf pollock (Wakabayashi and Bakkala 1985, Traynor 
1986). This survey also found biological differences between 
eastern Bering Sea shelf pollock and Bogoslof pollock. Dawson 
(1989), Hinckley (1987), and Lynde et al. (1986) have previously 
reported on such differences. We found that the 1982 (southeast 
shelf) and 1984 (northwest shelf) year-classes dominated, that a 
relatively wide length range was present, and that spawning 
(using direct observation and GSI data from our trawl samples) 
occurred later and was less obvious on the shelf than in the 
Bogoslof region. Prior to March 4 (Julian day 63), excluding the 
northwest region, nearly all of the females were in a pre
spawning stage. Soviet samples obtained after our survey ended 
on March 9 indicated nearly equal numbers of pre-spawning, 
spawning and spent pollock (Fig.10), but never showed GSI values 
as high as were seen in Bogoslof (Fig. 7). Other possible 
explanations for the observed differences are that we did not 
happen to sample at peak spawning, or that shelf pollock never 
attained as high GSI values prior to spawning as Bogoslof 
pollock. West (1990), in his review of methods in assessing 
ovarian development, cites evidence that GSI increases with 
increasing length. Some of the differences between Bogoslof GSis 
and shelf GSis in this survey could result from a length effect, 
since the mean length of pollock in the Bogoslof area was larger 
than the mean length of pollock sampled from the shelf. In 1982, 
an EIMWT survey between April 14 and May 7 found a large number 
of spent females in late April on the shelf, but mature fish that 
had not spawned were still present. More continuous sampling 
over late winter to early spring on the shelf is necessary to 
determine whether spawning is spread out over a number of months 
or whether it occurs in a short time span and is localized for 
different portions of the shelf population. 

Examination of mean length at age suggested that with 
increasing age, after age 8, mean length for shelf pollock 
increases, while basin pollock mean length showed very little 
increase (Fig. 13). Length at age was generally greater for 
shelf fish. Dawson's (1989) and Lynde et al.'s (1986} length at 
age results were similar, except that they separated north shelf 
pollock from south shelf pollock whereas this study only examined 
length at age for south shelf pollock. Traynor and Nelson 
(1985b, Fig. 109) found similar results in 1979. Potential 
reasons for pollock growth differences, such as different annual 
diet and temperature regimes, have been postulated (Hinckley 
1987J but to date little data are available to support them. The 
separation of length at age curves and the different age 
distributions suggest a one-way interaction between shelf and 
basin pollock populations, involving migration from shelf to 
basin at some intermediate age (e.g. ages 5, 6 or 7). Dawson 
(1989) also hypothesized a shelf to basin migration for mature 
pollock. If continuous two-way exchange occurred, one would 
expect to see younger pollock in the Aleutian Basin, and the mean 
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length at age curves would look more similar. 

Future EIMWT surveys planned for winter and summer 1991 in 
the eastern Bering Sea will continue to study the relationships 
between shelf and basin pollack. The proposed work includes 
comprehensive spatial and temporal surveys coordinated by teams 
of Soviet, Japanese and U.S. scientists. Only with cooperative 
international research can we hope to comprehend the complexity 
of Bering Sea pollack. 
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Table 1. Foreign1 , joint venture1 , and domestic 2 • 3 catches (1000 t) of walleye pollack in 
the eastern Bering Sea and Aleutian Basin for 1977-1989. Years for which no 
fishing (nf) occurred, or when no data were available (na) are indicated. 

FOREIGN JOINT VENTURE DOMESTIC TOTAL 

Other Other Other' 
U.S. U.S. U.S. 

Year Bogoslof E.E.Z. Donut Hole' Bogoslof E.E.Z. Bogoslof E.E.Z. 

1977 11.5 966.9 nf nf 978.4 
1978 9.6 969.8 nf nf 979.4 
1979 16.1 927.9 nf nf 944.0 
1980 12.8 993.3 14.9 0.3 10.4 1031. 7 
1981 18.8 968.1 0.2 3.8 38.3 1029.2 
1982 11.0 948.3 4.1 3.7 50.9 1018.0 
1983 11.8 879.7 70.7 9.7 139.3 1.0 1112.2 
1984 13.3 919.7 181.2 9.6 227.4 10.0 1361.2 
1985 7.7 812.6 336.3 6.0 371.5 39.0 1573.1 
1986 1.1 351.2 1061.1 33.5 801.6 48.0 2296.5 
1987 o.o 3.6 1437.8 327.5 717.0 49.5 169.2 2704.6 
1988 nf nf 1469.7 87.7 738.7 0.1 533.6 2829.8 
1989 nf nf na 1.2 286.6 36. l5 957.4 na 

1 M. Guttormsen, Alaska Fisheries Science Center, NMFS, NOAA, 7600 Sand Point Way NE, 
Seattle, WA 98115, pers. commun., September 1990. 

2 J. Terry, Alaska Fisheries Science Center, NMFS, NOAA, 7600 Sand Point Way NE, 
Seattle, WA 98115, pers. commun., September 1990. 

3 v. Wespestad, Alaska Fisheries Science Center, NMFS, NOAA, 7600 Sand Point Way NE, 
Seattle Wa 98115, pers. commun., September 1990. 

'P. Dawson, Alaska Fisheries Science Center, NMFS, NOAA, 7600 Sand Point Way NE, 
Seattle Wa 98115, pers. commun., September 1990. 

5 Bogoslof catch for September-December, 1989, only. Catch data for January-August were 
not readily available. 

'Includes all areas of the U.S. E.E.Z. for 1977-1987. For 1987-1989, Bogoslof catches 
are listed separately. 



Table 2. Cruise itinerary for the winter 1989 echo integration/ 
midwater trawl pollack survey in the eastern Bering 
Sea. 

Date Itinerary 

Jan 17 

Jan 17-19 

Jan 20 - Feb 8 

Feb 9-11 

Feb 12 

Feb 13-14 

Feb 15 - Marl 

Mar 1-7 

Mar 8 

Mar 8 

Begin survey. 

Leg 1. Standard sphere calibration of 
acoustic system in Makushin Bay. 

Echo integration/midwater trawl survey 
of western Aleutian Basin and 
preliminary survey of pollack in the 
vicinity of Bogoslof Island. 

In port, Dutch Harbor; exchange 
scientists. 

Leg 2. Acoustic system intercalibration 
with Kaiyo maru. 

Standard sphere calibration in Makushin 
Bay. 

Echo integration/midwater trawl survey 
of eastern Aleutian Basin and Bering Sea 
shelf. 

Resurvey of Bogoslof Island area. 

Standard sphere calibration in Makushin 
Bay. 

End survey. 
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Table 3. Midwater trawl station and catch data from the winter 1989 echo integration/ midwater trawl 
survey of walleye pollack in the eastern Bering Sea. 

CATCH 
(LBS/NOS.) 

HAUL DATE TIME START POSITION TEMP. ( C) DEPTH (FM) WALLEYE 
NO (1989) (AST) LAT. ( N) LONG. (W) SURF./GEAR FTRP./BOT. POLLOCK OTHER 

1 21 JAN 0744-0833 55 31.0 165 49.7 3.3/4.5 50/68 1936/1354 234/42 
2 22 JAN 2034-2215 53 53.0 175 06.4 3.2/3.7 186/2000 272/129 14/9 
3 25 JAN 1503-1816 55 59.7 177 26.3 1.6/3.5 221/2000 505/286 52/35 
4 06 FEB 0458-0528 53 12.1 170 26.1 3.5/3.5 197/690 873/465 36/12 
5 06 FEB 2303-2348 53 29.0 168 49.1 3.6/3.6 200/844 492/285 7/2 
6 07 FEB 1328-1331 53 24.9 168 51.9 3.6/3.6 235/680 486/261 16/13 
7 07 FEB 1732-1738 53 50.0 168 15.3 3.7/3.6 240/861 1146/658 4/15 
8 07 FEB 2142-2146 53 57.7 167 40.8 3.8/3.6 222/1900 1295/708 3/2 
9 16 FEB 1207-1238 54 48.8 175 09.0 2.7/3.7 150/2000 223/122 19/19 
10 17 FEB 1158-1239 58 09.6 174 13.4 2.9/3.7 226/300 595/593 58/60 
11 17 FEB 1845-1907 58 48.0 173 53.8 2.6/2.5 65/68 13/12 32/13 

..... 12 17 FEB 2107-2134 58 44.1 173 55.8 2.6/2.5 60/76 4996/5147 3/8 
°' 13 21 FEB 1315-1336 56 27.3 169 18.9 2.7/3.0 56/58 23793/14985 207/35 

14 23 FEB 0241-0332 53 25.0 168 49.4 3.7/3.5 199/700 1857/1068 3/2 
15 25 FEB 1357-1411 53 50.9 167 41.1 3.6/3.6 253/350 3017/1457 37/84 
16 26 FEB 1519-1528 55 49.2 165 54.2 2.6/2.8 62/67 2644/1857 201/-
17 27 FEB 1157-1158 55 31.4 164 53.3 2.7/2.0 54/58 978/736 39/-
18 27 FEB 2014-2017 54 55.2 164 42.8 2.7/2.4 25/35 13844/9862 156/31 
19 28 FEB 1106-1111 55 16.4 163 53.l 2.4/2.1 20/35 16/12 146/16 
20 28 FEB 1255-1310 55 17.6 163 52.9 2.4/2.2 33/37 271/190 983/4 
21 1 MAR 0 :' 49-0251 55 44.6 165 18.7 2.8/2.6 43/50 1009/915 27/6 
22 1 MAR 1230-1259 54 49.5 165 42.7 2.9/3.6 85/90 3497/1879 
23 4 MAR 0846-0848 53 47.8 168 09.4 3.1/3.6 150/725 3329/2028 5/3 
24 4 MAR 1546-1615 54 14.0 168 11. 7 3.2/3.7 155/910 1018/676 
25 5 MAR 0940-1011 53 37.4 168 43.0 3.4/3.4 116/840 35000/22204 
26 5 MAR 1519-1520 53 40.7 168 42.3 3.5/3.4 118/900 8605/5320 
27 6 MAR 1323-1324 53 40.4 169 17.2 3.3/3.6 144/1185 3958/2466 



Table 4. Total catch numbers and weight by species in the 27 midwater trawl hauls from the winter 
1989 echo integration/ midwater trawl survey. 

Species 

Walleye pollock (Theragra chalcogramma) 

Jellyfish (unidentified) 

Smooth lumpsucker (Aptocyclus ventricosus) 

Pacific cod (Gadus macrocephalus) 

Pacific sleeper shark (Somniosus pacificus) 

Squid (unidentified) 

Myctophids (Myctophidae) 

Pacific lamprey (Lampetra tridentata) 

~ Rock sole (Lepidopsetta bilineata) 
...... 

Greenland turbot (Reinhardtius hippoglossoides) 

Pacific sandfish (Trichodon trichodon) 

Flathead sole (Hippoglossoides elassodon) 

Eulachon (Thaleichthys pacificus) 

Octopus (unidentified) 

Arrowtooth flounder (Atheresthes stomias) 

Salmon (unidentified) 

Viperfish (Chauliodontidae) 

Comb jellies (Ctenophora) 

Total 

Numbers of fish 
(No. ) ( % ) 

75675 

99 

27 

1 

8 

246 

14 

6 

1 

17 

5 

6 

2 

2 

2 

4 

6 

76121 

99.0 

<0.1 

<0.1 

<0.1 

<0.1 

0.3 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

100 

Catch weight 
(lbs. ) ( % ) 

115670 

1434 

375 

322 

44 

14 

13 

12 

10 

4 

4 

2 

1 

1 

1 

1 

<1 

<1 

117911 

98.0 

1.0 

0.3 

0.3 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

100 



Table 5. Population and biomass estimates obtained during echo 
integration/ midwater trawl survey of spawning pollock 
population near Bogoslof Island in winter, 1988 and 1989. 

BIOMASS {1000 t) POPULATION (millions) 
Age 1988 1989 1988 1989 

1 
2 
3 
4 2 6 
5 15 7 28 15 
6 192 41 327 58 
7 156 241 247 363 
8 115 111 164 147 
9 251 149 350 194 

10 910 68 1,201 91 
11 226 895 288 1,105 
12 233 187 287 222 
13 167 194 202 223 
14 82 72 89 82 
15 23 81 27 90 
16 16 24 17 30 
17 7 52 7 60 
18 3 3 

1Total 2,396 2,126 3,236 2,687 

1 Differences between "Total" and column totals 
are due to rounding. 
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Table 6. Population and biomass estimates obtained during echo 
integration/ midwater trawl survey of pollack on the 
eastern Bering Sea shelf in winter, 1989. 

BIOMASS {1000 t} 

North Mid South 
Age Shelf Pribilofs Shelf Shelf Total 

1 
2 
3 
4 13 3 2 7 25 
5 115 33 25 89 262 
6 28 16 9 34 88 
7 92 117 51 219 478 
8 15 25 10 45 96 
9 8 28 9 so 95 

10 2 10 3 15 31 
11 4 41 13 59 116 
12 <1 2 1 5 8 
13 <1 7 2 8 17 
14+ <1 1 1 3 5 

1Total 277 284 125 535 1,220 

POPULATION {millions) 

North Mid South 
Age Shelf Pribilofs Shelf Shelf Total 

1 
2 
3 
4 37 5 5 16 63 
5 285 63 54 187 588 
6 61 28 18 64 171 
7 159 176 80 335 750 
8 24 36 15 65 140 
9 10 30 9 54 103 

10 2 10 3 15 30 
11 4 34 10 52 100 
12 <1 2 1 4 7 
13 <l 5 1 6 13 . 
14+ <1 1 <1 2 3 

1Total 583 391 196 798 1,968 

1 Differences between "Total" and column totals are due 
to rounding. 
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Figure 1. Transects surveyed between Jan. 5 and Feb. 8, 1989, 
during the winter echo integration/ midwater trawl survey of 
walleye pollack in the Aleutian Basin. Midwater trawl stations 
are indicated as (+). 
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Figure 2. Transects surveyed between Feb. 14 and Mar. 1, 1989, 
during the winter echo integration/ midwater trawl survey of 
walleye pollock in the eastern Aleutian Basin and Bering Sea 
shelf. Areas where biomass estimates were made are outlined with 
dot ~ed lines; A, North shelf B, Pribilofs, C, Mid-shelf and D, 
South shelf. Midwater trawl stations are indicated as (+). 
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Figure 4. Echogram (left) showing the low density scattering 
layer of fish observed just prior to haul 3 in the eastern 
Aleutian Basin, and XBT temperature profile obtained nearby just 
after haul 3 was completed (right). 
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Figure 5. Echogram showing a typical high density aggregation of 
spawning pollock near Bogoslof Island at night in early March, 
1989, just prior to haul 23, and a CTD profile of the water 
column obtained after haul 23 was completed. 
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Figure 6. Echogram showing a high density spawning pollack 
aggregation near Bogoslof Island observed during the day in early 
March, 1989, prior to haul 24, and a CTD profile obtained just 
after the haul. 
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Figure 7. Mean gonadosomatic index (GSI) and 95% confidence 
limits for female walleye pollock judged to be participating in 
spawning during winter, 1989, sampled from the Bogoslof Island 
region (top), and maturity stages for female pollock from 
selected trawl hauls in the eastern Aleutian Basin and Bogoslof 
Island region (bottom) during winter, 1989. 
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Figure 8. Length and age composition of spawning walleye pollock 
as determined during the 1988 and 1989 echo integration/ midwater 
trawl surveys of the Aleutian Basin near Bogoslof Island. 
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Figure 9. Echogram showing a moderate density scattering layer 
of pollack on the southeastern Bering Sea shelf observed at night 
on March 1, 1989, prior to haul 21, and CTD•temperature profile 
taken just after haul 21. 
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Figure 10. Mean gonadosomatic index (GSI) and 95% confidence 
limits for female walleye pollack judged to be participating in 
spawning during winter, 1989, (top), and maturity stages for all 
female pollack (bottom), sampled from trawl hauls from the 
southeastern Bering Sea shelf region during winter, 1989. 
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Figure. 11 Length composition of walleye pollock as determined 
during the 1989 echo integration/ midwater trawl survey of 
walleye pollock on the eastern Bering Sea shelf. The number of 
trawl hauls available to describe pollock populations in each 
area were: North shelf (2), Pribilofs (1), Mid-shelf (0, see 
text) and South shelf (6). 
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Figure 12. Age composition of walleye pollock as determined 
during the 1989 echo integration/ midwater trawl survey of 
walleye pollock on the eastern Bering Sea shelf. The number of 
trawl hauls available to describe pollock populations in each 
area were: North shelf (2), Pribilofs (l}, Mid-shelf (O, see 
text) and South shelf (6). 
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Figure 13. Mean length-at-age of pollock obtained from midwater 
trawls in the Aleutian Basin near Bogoslof Island and over the 
continental shelf in the eastern Bering Sea during the winter, 
1989 echo integration/ midwater trawl survey. Numbers indicate 
sample size. 
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