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ABSTRACT

The Alaska Fisheries Science Center and the National
Research Institute of Far Seas Fisheries of Japan initiated a
series of comprehensive triennial surveys of the groundfish and
invertebrate resources of the eastern Bering Sea in 1979. The
fourth in this series of triennial surveys was carried out from
June to September 1988. The primary sampling gear used during
 these surveys has been bottom trawls, but echo integration-
  midwater trawl methods have also been used to assess midwater
  concentrations of walleye pollock (Theragra chalcogramma).
Results of the 1988 triennial survey are presented here in the
form of a data report. Methods are described in some detail, but
results are mainly presented through tables and figures without a

  narrative description of findings. Biomass estimates for
principal species and species groups of groundfish from the
4 years of triennial surveys are compared and major trends are

  described.

  For results of the 1988 survey, geographic distributions and
estimates of relative and absolute abundance for each of the
principal species and species groups of groundfish and
invertebrates are described. In addition, size composition, and
where available, age composition and growth characteristics are
presented for principal species. Appendices to the report
contain diagrams of the trawl used during the survey and listings
of individual station data and results of data analyses.
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INTRODUCTION

The eastern Bering Sea supports one of the most productive
groundfish fisheries in the world with annual commercial catches
since 1970 ranging from 1.2 to 2.2 million metric tons (t). The
Resource Assessment and Conservation Engineering (RACE) Division
of the Alaska Fisheries Science Center (AFSC) has conducted
annual bottom trawl surveys to monitor the abundance,
distribution, and biological condition of eastern Bering Sea
demersal fish and crab stocks. The information gathered is used
to provide the North Pacific Fishery Management Council with
annual fishery-independent estimates of abundance and biological
assessments of commercially exploited stocks, to provide
distribution and abundance information to commercial fishermen,
and to develop a time-series data base contributing to our
understanding of the population dynamics and interactions of
groundfish species.

The standard sampling area established for these surveys was
first sampled in 1975. Annual surveys have been performed since
1979. This area of about 465,000 km (Fig. 1) encompasses a
major portion of the eastern Bering Sea continental shelf and the
distributions of the principal species of crab and groundfish
that inhabit shelf waters. Every third year, starting in 1979,
the AFSC has expanded survey effort to provide an even more
comprehensive assessment of eastern Bering Sea groundfish.
During the larger triennial surveys, sampling with bottom trawls
is extended beyond the standard survey area to the northern
continental shelf region including Norton Sound and to waters of
the continental slope. In addition, an echo integration-midwater
trawl (EIMWT) survey is conducted to assess the midwater portion
of the walleye pollock (Theragra chalcogramma) population and,
when combined with results from the bottom trawl surveys, to
provide an overall assessment of this species.

During June-September 1988, the AFSC completed the fourth in
this series of expanded triennial surveys. Results of previous
triennial surveys are reported by Bakkala and Wakabayashi (1985),
Bakkala et al. (1985) and Walters et al. (1988). The 1988 survey
involved four U.S. vessels as well as vessels from the U.S.S.R.
and Japan. During previous triennial surveys, the Far Seas
Fisheries Research Laboratory of the Fisheries Agency of Japan
has cooperated by providing one or two chartered landbased
(Hokuten) trawlers to extensively sample continental slope
waters; in 1979, these vessels also sampled the continental
shelf. Because of other research commitments, the Japanese were
unable to provide a vessel for a full-scale survey of the
continental slope in 1988. However, they did provide a chartered
landbased trawler for a period of 18 days to conduct comparative
fishing experiments and to supplement the sampling of the slope
by the U.S. survey vessel. Data from the comparative fishing
experiment will be used to relate abundance estimates from the



Figure l.--Standard sampling area for the Alaska Fisheries Science Center's annual
bottom trawl surveys in the eastern Bering Sea. Shown is the sampling
pattern of survey vessels during the 1987 survey. Boxed areas in Subareas

3, 4, and 6 indicate high-density sampling areas.
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U.S. vessel in 1988 to those from Japanese vessels that sampled
the slope in previous years. The Soviet research vessel Darwin
also sampled continental shelf waters from 17 May to 21 June
1988. The Darwin further conducted 18 side-by-side tows with one
of the U.S. survey vessels to compare relative fishing powers.
Because of the largely independent nature and different timing of
the Darwin survey and differences between trawls and methods of
handling catches, the U.S. and Soviet survey data were not
compatible. The results of the Darwin survey are, therefore, not
included in this report.

This report summarizes information from the survey on the
abundance, distribution, and biological characteristics of
principal groundfish species. Biomass estimates of principal
species and species groups of groundfish from the four triennial
surveys are also compared. Appendices contain diagrams of trawls
used, basic station data, and results of data analyses of the
data.

Preliminary results from the 1988 survey for principal
species of crabs are reported by Stevens et al. (1988). Results
of the studies in Norton Sound will be issued in a future report.

METHODS

Survey Area and Sampling Design

Bottom Trawl Survey

The stratification of the sampling area for analysis of the
1988 survey data was changed from that used for analyzing
previous triennial survey data. The previous stratification
originated from the sampling scheme used by U.S. and Japanese
vessels during the 1979 survey (Bakkala and Wakabayashi 1985).
In 1979, there was considerable overlap of sampling on both the
continental shelf and slope by U.S. and Japanese vessels. In
order to combine the data from all survey vessels, it was
necessary to adopt the stratification scheme shown in Figure 2.
In addition, at the time of the 1979 cooperative survey, nautical
charts in meters were not available for all areas of the eastern
Bering Sea, and it was therefore necessary to stratify the survey
area by depth in terms of fathoms.

Following the 1979 survey, the AFSC developed a standard
survey area on the continental shelf that has been sampled each
year since 1979 (Fig. 1). Stratification of this standard survey
area is based on depth contours (<50 m, 50-100 m, 100-200 m) that
correspond to oceanographic domains on the shelf which may more
accurately reflect differences in fish distributions and thereby
minimize variances of abundance estimates. A lo-year consecutive
time series of assessment data now exists for this area which has
been used to examine long-term trends in abundance and to assess
the current condition of the various principal species of
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groundfish for management purposes. Because of the importance of
this standard survey area, it has been used as the foundation for
a new stratification scheme for the 1988 triennial survey data
(Fig. 3). This new stratification facilitates a comparison of
the triennial survey data with those from the standard series.
Furthermore, it simplifies the supplementation of the standard
survey area data with those from the expanded areas sampled
during the triennial surveys. The availability of new nautical
charts also allowed us to develop new depth stratification in
meters on the continental slope to correspond with the units used
on the continental shelf.

In the standard survey area on the shelf (subareas 1-6, Fig.
3), a systematic sampling scheme is used based on a 20 x 20
nautical mile (nmi) grid. Samples of demersal fish and
invertebrates are obtained by trawling at or near the center of
each grid block. In the Pribilof and St. Matthew Islands
regions, however, sampling density is doubled by adding stations
at the grid block corners; this is done in order to increase
coverage of blue king crab (Paralithodes platypus) stocks present
in these areas. In 1988, the survey vessels fished alternate
north-south lines of the station grid, proceeding from Bristol
Bay westward to the shelf break (Fig. 3). The alternate-line
fishing pattern facilitates comparison of fishing powers of the
two vessels, while the progression from east to west prevents
multiple encounters of species which may be migrating to inshore
feeding or spawning grounds (from west to east) during the course
of the survey.

The presence of high-density sampling in subareas 3, 4, and
6 necessitated a further division of these subareas into
high-density and standard-density strata, resulting in a total of
10 geographic strata for statistical calculations. The overall
sampling density in the standard survey area was 1,309 km2 per
station (Table 1). However, because of the high-density sampling
in subareas 3, 4, and 6, and the irregular boundaries of the
survey area, sampling density varied among subareas from 1,123 to
1,436 km2 per station.

In the north shelf region (subareas 7 and 8, Fig. 3),
sampling density was reduced to an average of 2,581 km2 per
station because of the lower abundance of groundfish in this
region than in the standard survey area. Standard density
sampling was performed in the southwest portion of subarea 8 to
improve sampling of snow crab (Chionoecetes opilio) in these
waters; this necessitated the division of this subarea into low-
density and standard-density strata for statistical calculations.

As noted earlier, the availability of new navigational
charts made it possible to restratify the continental slope
region in terms of meters. The interval sampled (200-800 m) was
divided equally into two depth subdivisions (200-500 m and 500-
800 m). In addition, the diagonal line separating the shelf





Table 1. --Size of subareas
the 1988 bottom
surveyed during
3 and 4).

7

and sampling densities by subarea during
trawl survey and areas of each strata
the 1988 midwater survey (see also Figs.
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region into southeast and northwest portions was extended to the
slope to create four subareas on the slope (subareas 9-12,
Fig. 3).

The number of vessel days available to sample the
continental slope region in 1988 was much less than the effort
provided by Japanese vessels during previous triennial surveys.
In order to representatively sample the slope with this reduced
effort, the 1988 station pattern was derived by selecting every
other station sampled by the Japanese vessel in 1985. The
distribution of the stations on the slope is not systematic such
as that on the shelf, but instead station locations were governed
by the steepness of the slope and the extent of trawlable bottom.
Density of sampling, therefore,
km2 per station (Table 1).

varied by subarea from 123 to 202

Echo Integration-Midwater Trawl Survey

The 1988 EIMWT survey of midwater walleye pollock was
conducted between 17 June and 15 August. The continental shelf
and upper slope areas over bottom depths of 90 to 460 m were
surveyed by transecting a series of adjacent parallel tracklines
with 20 nmi spacing (Fig. 4). Data were collected from
approximately 15 m below the surface to within 3 m of the bottom.
If pollock sign was present at a transect endpoint, then that
transect was extended for several miles past the sign and the
next transect was initiated at the same depth. Abundance
estimates for pelagic pollock (age 1 and older) were determined
for each geographical stratum surveyed (Fig. 4). The areas
surveyed in each stratum are indicated in Table 1. Midwater
trawl hauls were made throughout the survey to identify echo sign
and to provide information on pollock biological characteristics.

Vessels

Vessels and Sampling Gear

The chartered vessels R/V Alaska and the F/V Ocean Hope 3
conducted the bottom trawl survey on the continental shelf. The
chartered vessel F/V Pelagos conducted the EIMWT survey. The
NOAA vessel Miller Freeman sampled the northern shelf, Norton
Sound, and the continental slope.
Tomi Maru No.

The Japanese chartered vessel
5l, a land-based (Hokuten) trawler, also

participated in the bottom trawl survey of the continental slope.
Characteristics of these vessels are given in Table 2.

Fishing Gear

Trawl--Characteristics
are given

of the trawls used during the survey
in Table 3 and Appendix A. The 83-112 eastern otter

trawl used by all U.S. vessels during the survey on the shelf has





Table 2. --Characteristics of vessels used during the 1988 eastern Bering Sea survey.

aThe Alaska and Ocean Hope 3 performed gear comparison experiments from 1 Aug. to 6 Aug.
bEcho integration-midwater trawl survey.
cIncludes time for target calibration and vessel intercalibration.
dIncludes time for the Norton Sound survey.



Table 3. --Trawls used during the 1988 eastern Bering Sea survey. (also see appendix A)

aNet width measured for each tow or calculated from a functional relationship
with scope if no measurement exists.
bBased on net design considerations only.
cTrawl has no intermediate.
dCodend consists of three layers of l00-mm mesh.
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been the standard trawl for this survey since 1982. This trawl
is believed to be more efficient at fishing for bottom-dwelling
species, such as the flatfishes, than trawls used prior to 1982--
based on large increases in abundance estimates between 1981 and
1982 (Bakkala et al. 1985). This gear effect will be discussed
further in the section dealing with between-year comparisons.

The Nor'eastern bottom trawl used by the NOAA vessel Miller
Freeman on the continental slope was essentially the same as that
used by the U.S. vessel sampling slope waters during the 1979
triennial survey (Bakkala and Wakabayashi 1985) except that it is
now constructed of polyethylene rather than nylon.

The bottom trawl used by the Tomi Maru No. 51 was
essentially the same as that used by the Japanese in previous
cooperative surveys (Table 3 and Appendix A). A Northern Gold
1200 rope trawl was used aboard the Pelagos for sampling age-l
and older walleye pollock in midwater. A Marinovich midwater
trawl was used to sample age-0 pollock.

Wins spread measurements--Wing spread measurements for all
the bottom trawls were made using acoustic mensuration equipment
(Scanmar'). These measurements were used to derive the area
swept by the trawl for calculating abundance estimates.
Measurements were made for the majority of the tows aboard the
Alaska and Ocean Hope 2 as well as the NOAA vessel Miller Freeman
when operating on the north shelf. This was the first triennial
survey where measurements were made routinely on almost every
tow. During past surveys, measurements were either made for only
a small selected sample of tows or values based on previous
measurements were used.
data,

In the analyses of these earlier survey
a mean value was used for all tows of a particular vessel

in the survey. During 1988, when reliable data was obtained, the
mean value for each tow (usually from over 100 readings at l0-
second intervals) was used to determine the area swept by the net
during that tow. For all tows with reliable data the functional
relationship between scope (trawl wire paid out) and net-width
was also determined (Fig. 5) from which net-width values could be
estimated for tows lacking mensuration data.

Net-width data were collected on only eight tows aboard the
Tomi Maru No. 51. These measurements indicated a mean value near
35.0 m over all depths sampled on the slope. This value is
identical to the value obtained in 1985 (Walters et al. 1988).
Because of equipment malfunctions there were no measurements made
of the Nor'eastern trawl during the NOAA Vessel Miller Freeman's
slope survey. However, measurements were made approximately 3
months later at similar depths during eight tows. There was
little variation over depth, and the mean value of 16.23 m
determined from these tows was used to calculate area swept

'Reference to trade names does not imply endorsement by the
National Marine Fisheries Service, NOAA.



SCOPE (M)
Figure 5 .--Relationship between net width and scope (trawl warp paid out)

for the three vessels participating in the 1988 demersal trawl
survey on the Bering Sea shelf.
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during the eastern Bering Sea slope survey.
slope where these two vessels worked,

At the depths on the
it appears that both nets

were operating in the asymptotic portion of the relationship
between scope and net width where additional wire paid out had no
effect on width. Therefore single values were used for all tows.

Relative Fishing Powers

Relative fishing powers of survey vessels were estimated
during the eastern Bering Sea surveys to account for differences
in the efficiencies of the vessels at capturing various species;
by compensating for these differences abundance estimates are
assumed to be improved.

Two methods were used to measure the relative fishing powers
of survey vessels during the 1988 survey:
and side-by-side fishing. The U.S.

alternate-row fishing

2 fished alternate north-south lines
vessels Alaska and Ocean Hope

survey area on the shelf (Fig. 6).
of stations throughout the

This has become the preferred
method of measuring the fishing powers for the standard annual
shelf surveys. It produces a large number of observations over
the entire range of all species within the survey area and
appears to produce good results without sacrificing vessel time
for side-by-side trawling. The relative fishing powers of the
two vessels are determined for each species or species group by
comparing the distribution of catch per unit effort (CPUE) values
obtained by each vessel from sets of stations on alternate lines
throughout the survey area. The need for a fishing-power
correction factor is assessed for each species by determining
whether the distributions of CPUE values from the two vessels
were statistically equivalent based on the method of Geisser and
Eddy (1979). If the analysis indicates that the CPUE
distributions are the same, or if there are insufficient data to
test for differences, the vessels were assumed to have equal
fishing powers for that species. If the CPUE distributions are
statistically different for a given species, the vessel with the
higher catch rate is assigned a fishing power of 1.0, and catch
weights and numbers taken by the less efficient vessel were
adjusted to those of the more efficient vessel by using the ratio
of the mean catch rates from the two vessels. The rationale for
this adjustment is based on the assumption that CPUE values of
the more efficient vessel provide the best estimate of the true
abundance of the species.

Analysis of the alternate-row fishing data (Table 4)
revealed that the Alaska was more efficient than the Ocean Hope 2
for almost all species and significantly more efficient for an
unusually high number of species relative to results from
previous years. Between-vessel fishing power corrections have
usually only been required for 1 to 4 species in past years,
while in 1988 the analysis indicates that 13 species required
fishing power corrections. The consistency of the results for
the large majority of species shows that the trawls were



Figure 6. --Stations used to determine relative fishing powers of the Alaska and Ocean
Hope 3 on the continental shelf and the NOAA vessel Miller Freeman and
Tomi Maru No. 51 on the continental slope during the 1988 survey.



Table 4 .--Relative fishing powers of the Alaska and Ocean Hope 3 based on comparision
of mean catch rates from fishing alternate rows of stations over the area
shown in Figure 6.

aFor species not listed, observations were lacking or too few for meaningful
comparisons. Vessels were assumed to have equal fishing powers for the species not
listed.

bA total of 156 stations trawled by the Alaska and Ocean Hope 3 were used in the
analysis.

cThe Geisser and Eddy (1979) procedure indicates that the two vessels sampled distinct
populations.
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operating differently on the two vessels. One major difference
was noted in the performance of the trawls. Wing spread on the
Alaska trawl averaged almost 2 m less than that of the Ocean Hope
3 trawl based on a large number of observations with Scanmar
trawl mensuration systems during the 1988 survey. Because of
this large difference in wing-spread measurements, the two trawls
were fished in Puget Sound, Washington, during February 1989 and
remeasured with different sets of Scanmar gear. Results of these
special studies confirmed the measurements obtained during the
1988 survey. It was also discovered that slightly smaller than
normal otter doors were inadvertently used by the Alaska during
the 1988 survey which may have caused the trawl to fish narrower
than usual. Although the wing-spread measurements were shown to
be accurate and the narrower trawl width of the Alaska's trawl
was accounted for, application of some of the higher fishing-
power correction factors appear to produce unreasonable increases
in abundance for certain species.. For example, when compared to
estimates in 1987, the magnitude of the increases seem high for
yellowfin sole (Limanda aspera), rock sole (Lepidopsetta
bilineata), and Alaska plaice (Pleuronectes guadrituberculatus)
in the standard annual survey area on the shelf as shown below:

Nevertheless, the fishing power correction factors were applied,
lacking any valid justification for not using them.

No comparative fishing experiments were conducted between
the NOAA vessel Miller Freeman, which sampled north shelf waters,
and the Alaska and Ocean Hope 3. Therefore, no attempt was made
to standardize the abundance data from the Miller Freeman to that
of the other U.S. vessels engaged in sampling shelf waters.

Side-by-side fishing experiments were conducted on the
continental slope by the Miller Freeman and the Tomi Maru No. 51
to relate the abundance estimates from the Miller Freeman which
conducted the slope survey for the first time in 1988, to those
of Japanese landbased trawlers that have sampled slope waters
during previous triennial surveys. Although 34 paired tows were
completed by the two vessels, 12 of these pairs were eliminated
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from the analysis because the depth of trawling differed by more
than 50 m. However, as mentioned earlier, data from all 34 of
the Tomi Maru No 51 tows were used to supplement the Miller
Freeman data in the regular analysis of the slope data. The
results of the comparative fishing show that the Japanese trawl
was more efficient for the larger flatfish, and fishing-power
correction factors were required for Greenland turbot
(Reinhardtius hippoglossoides) and Pacific halibut (Hippoglossus
stenolepis) (Table 5). However, the application of the fishing-
power correction factor for Greenland turbot would imply that the
abundance of this species on the slope increased by a factor of
1.65 between 1985 and 1988. Assessments of the Greenland turbot
population based on the time series of eastern Bering Sea survey
data show that recruitment of juveniles has been extremely low
since the early 198Os, and it seems unlikely that the abundance
of the older juvenile and adult populations would have increased
between 1985 and 1988 (Bakkala 1989). In addition, size
composition data clearly shows an absence of juvenile recruitment
to the slope since the early 1980s. The application of the
fishing-power correction factor derived during the 1988 slope
survey was therefore assumed to produce erroneous results and was
not used in calculating abundance estimates for this report. The
reason for the apparent erroneous fishing power value may be that
the number of replications were insufficient or the difficulty of
two vessels fishing the same or similar depths on the slope may
have produced faulty results. The only other species that was
sampled on the slope and required correction for fishing power
was the longsnout prickleback (Lumpenella longirostris).

Species Groupings

Appendix C contains a ranking by relative abundance based on
the mean CPUE, of all fish and invertebrates identified during
the 1988 bottom trawl survey. Because midwater trawl hauls were
directed to sample specific echo sign, the use of CPUE rankings
of abundance would be misleading. For these midwater
collections, summaries of overall catch composition are provided.
The listing in Appendix C may include some species of uncertain
identification. In presenting information in the main body of
this report, fish species with difficult or uncertain
identifications were grouped into broader taxonomic categories as
shown in Table 6. In addition, in some of the tables summarizing
abundance data for the overall survey, noncommercially important
species were grouped by family. In these latter tables,
infrequently occurring species were grouped as "other fish."

Data Collection and Station Sampling Procedure

Bottom Trawl Survey

Detailed methods of data collection and sampling are
described by Wakabayashi et al. (1985). Data collected at each
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Table 5 .--Relative fishing powers of the Miller Freeman and Tomi Maru No.51 based on
comparison of mean catch rates from 22 side-by-side tows on the continental
slope.

aFor species not listed, observations were lacking or too few for meaningful
comparison. Vessels were assumed to have equal fishing powers for the species not
listed.

bData for this analysis are from 22 side-by-side tows by the two vessels.

cThe Geisser and Eddy (1979) procedure indicates that the two vessels sampled distinct
populations.
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Table 6. --Species groupings used in presenting information on
the distribution and abundance of principal species
and species groups of fish.

Group name Species included
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station included haul position information, species composition
by weight and number, and water temperature profiles. Random
samples of principal species were measured for length at most
stations where they appeared in catches. Age-structure samples,
stratified by sex and length class, was also collected from
commercially important species. Approximate numbers of length
measurements and age structures collected are given in Table 7.

The 1988 sampling and data collection procedures were
identical to those used in 1979 (Wakabayashi et al. 1985) with
the following modifications: 1) All vessels used Loran C to
determine positions at the beginning and end of each tow, and 2)
shipboard computers were used on the Japanese vessel as well as
all U.S. vessels for recording data on disks.

Echo Integration-Midwater Trawl Survey

Techniques for the Bering Sea EIMWT surveys are described by
Traynor and Nelson (1985), and additional details are reported by
Bakkala and Wakabayashi (1985) and Walters et al. (1988). The
echo integration system consists of a 38 kHz transmitter and
receiver, a towed transducer, and a computer-based echo
integration and target-strength measurement system. The acoustic
system was installed in a portable container that was located on
the deck of the survey vessel. The transducer was mounted in a
dead-weight towed body that was towed behind the vessel at an
approximate depth of 11 m at vessel speeds of 9 to 11 knots.
While transecting, echo integrals (which are proportional to fish
density) were computed for up to 400 l-m surface-locked depth
intervals and 40 l-m bottom-locked intervals every minute.

Estimates of walleye pollock target-strength distributions
were obtained when conditions suitable for single-target
recognition were encountered. In these situations, the
transducer was lowered to bring it as close as possible to the
targets. In situ target-strength measurements were obtained by
means of dual-beam and split-beam techniques (Ehrenberg 1983).

Midwater trawling was conducted on an opportunistic basis
throughout the survey to identify sign and to obtain biological
information. Extra trawls were conducted before and after the
collection of target-strength data. For each sample collected
with the Northern Gold midwater trawl, total weight was
determined for each species (or higher taxon) caught, and total
number was estimated for each species of finfish. The entire
catch was sorted and weighed by species unless it exceeded
approximately 1,100 kg. Larger catches were subsampled and the
total catch composition was estimated by extrapolation. Sex and
length data were collected for each catch of walleye pollock.
Random samples of pollock otoliths were taken at most trawl
stations. Data on weight and maturity of pollock were collected
from selected hauls.
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Table 7. --Numbers of length measurements and age structures
collected by species during the 1988 U.S.-Japan
survey in the eastern Bering Sea.
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The Marinovich midwater trawl was used to sample age-0
pollock when they were detected acoustically. In almost all
cases, catches of age-0 pollock occurred with large quantities of
jellyfish. When age-0 pollock were caught, a sample was measured
to obtain an estimate of size composition.

Vertical salinity and temperature profiles were obtained at
each trawl location with a Seabird Model SBE CTD probe.

Data Analyses

Bottom Trawl Survey

The methods of data analysis used for the bottom trawl
survey were the same as those used in 1979, which were described
in detail by Wakabayashi et al. (1985). In general terms,
catches at each station were standardized to a basic sampling
unit (kg/ha = kilogram per hectare or 10,000 m2) trawled. Mean
CPUE values for each species and stratum, adjusted by fishing
power coefficients where appropriate, were then computed from the
standardized catch rates. The overall mean CPUE for the entire
survey area was determined as the sum of the mean CPUE values of
individual strata weighted by the size of each strata. Standing
stock biomass estimates were derived using the "area swept"
method of Alverson and Pereyra (1969). Vulnerability (the
proportion of the population available to the fishing gear that
is caught when encountered by the gear) of all species to the
most efficient vessel-trawl combination was assumed to be 1.0.

In estimating the length composition of the sampled
populations, the number of individuals within sex and size
classes for each station was derived by expanding the length-
frequency subsample to the total catch per standard sampling
unit. The length composition data from individual station data
were then extrapolated to the total strata area and summed over
all strata to obtain estimates for the total survey area. W e
composition was estimated by proportioning the computed
population length-frequency distributions to ages using age-
length keys that were stratified by sex and size categories.

Problems in ageing walleye pollock from midwater trawl
samples are described in the following section. This problem was
not as severe in ageing pollock from the bottom trawl samples,
and all age readings were used in developing an age-length key
for estimating the age composition of near-bottom pollock.

Echo Integration-Midwater Trawl Survey

Size-specific biomass estimates and population estimates for
each stratum were obtained by combining echo integration data
with midwater trawl catch information. In situations where
insufficient trawl samples had been taken within a stratum, data
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from catches in adjacent strata were also used.. Because the
availability of in situ target-strength data is limited, mean
target strength for each stratum was computed from the size
composition data by means of the regression relationship
presented by Foote and Traynor (1988). The computed mean target
strength estimates were then used to scale the echo integration
results to provide estimates of mean fish density (Traynor and
Nelson 1985).

For each stratum, pelagic walleye pollock biomass was
calculated as the product of mean density and area. Age-and
size-specific biomass and population estimates were calculated
using midwater trawl length-frequency data, a length-weight
relationship, and an age-length key.

As a quality control procedure during age reading at the
AFSC, 20% of the pollock otoliths were read a second time by an
independent test reader. In cases where the original and tested
age estimates did not agree, the original reader and the test
reader review the reading and agree on a resolved age. A
comparison between original and resolved ages for the tested
sample from this survey revealed a systematic difference: an
unusually high proportion of resolved ages were lower than the
originally estimated age (for originally estimated ages of 2- 8
years). Because it was not feasible to reread the whole sample,
it was not possible to produce corrected age-length keys.
Therefore, it was assumed that rereading of the entire sample
would result in an overall change in age composition equivalent
to that observed
specific biomass
accordingly.

in the tested portion and the initial age-
population estimates were adjusted

As a result of this procedure, inconsistencies will be
observed in the results, particularly with regard to the
relationships between numbers, biomass, and mean weight.
Also, it was considered inappropriate to present the original
age-length keys for EIMWT pollock samples in this report.

ASSUMPTIONS AND LIMITATIONS

Bottom Trawl Survey

The assumptions and limitations that apply to most trawl
surveys also apply to the 1988 cooperative survey. The estimates
of abundance and size composition, as well as the distribution of
the species, are limited by the area and timing of the surveys,
and the sampling gear used.
multispecies survey,

The survey is designed as a
and therefore has some limitations for

almost any individual species. For example,
period when the survey was performed,

during the summer
many species have juvenile

distributions close inshore 'in shallow waters where the trawl
cannot be operated effectively. These include many of the
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flatfish and herring as well as some of the cods and smelts. On
the continental slope the bottom terrain is such that trawlable
bottom is difficult to find. Some species, such as the
rockfishes, are known to congregate in areas where trawling is
impossible. In addition, there are a number of species that have
distributions extending beyond the depth and geographic
boundaries of these surveys.

The trawl used in the bottom trawl survey is designed
primarily for demersal species. The head rope height is limited
to a few meters, and species that display primarily pelagic
behavior may not be well represented in the trawl catches. In
some cases this phenomenon may be limited to specific age groups
within a species. The catchability coefficient is assumed to be
1.0 in this analysis. The actual value may be less than that
because of. escapement by some species. Then again, for some
other species, the herding effects of the doors and dandylines
may result in catchabilities exceeding 1.0.

The bottom trawl survey on the major portions of the
continental shelf is designed to progress from east to west. It
is believed that most of the target species migrate from west to
east during the summer period and would therefore be sampled only
once, rather than following the same group of fish. Some of the
species may have opposite or near-random movement. In those
cases there may have been unknown errors caused by such
movements. For most species, these various factors are believed
to result in an underestimation of abundance rather than an
overestimation. The difference between the estimates and the
true value may vary considerably between species.

Echo Integration-Midwater Trawl Survey

Many of the sources of bias associated with bottom trawl
assessment of demersal stocks are also of concern when using
EIMWT techniques for pelagic stock assessment. In general, these
aspects relate to fish availability and are discussed in detail
above. Because our survey covered most of the shelf and slope
area within a relatively short period of time, we believe that
immigration, emigration, or migration of walleye pollock within
the survey area were insignificant. However, because the EIMWT
survey was conducted during both daylight and darkness, changes
in vertical distribution, particularly die1 vertical migrations
between midwater and the bottom may have produced bias in the
pollock biomass estimates.

During analysis of the EIMWT data, it was assumed that the
effective height of the bottom trawl was 3 m. Acoustic data
collected within 3 m of the bottom were not included in the
analysis. Total pollock abundance is assumed, then, to be the
sum of abundance estimates from the two surveys. It has been
observed that pollock frequently dive as they become aware of an
approaching net; this may result in a much greater effective
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height for the bottom trawl. If this occurred frequently it
could have caused overestimation, especially of larger pollock
which are generally found close to the bottom. We are planning
experiments to address this problem during the next triennial
survey.

Several sources of bias are of specific concern when using
acoustic techniques to survey pelagic stocks. These include echo
sign identification, determination of fish target strength,
measurement of equipment performance during calibration, and
selection of the density threshold during data collection.

The principal source of information for identification of
echo sign is obtained by midwater trawling. The data obtained
during midwater trawling are also used to apportion the biomass
and population estimates by size and age. Consequently,
inadequate trawl sampling may contribute to errors in species
identification and in the estimation of stock size and age
composition. Because AFSC scientists have conducted EIMWT
surveys of walleye pollock for a number of years, and have
developed extensive expertise in echo sign identification and
allocation of midwater trawl effort, we do not believe that echo
sign misinterpretation or inadequate trawl sampling were
substantial sources of bias during this survey.

Fish target-strength estimation is a serious concern in all
acoustic stock-assessment work. Fish target strength is the
factor used when converting the relative biomass estimates
obtained during echo integration into absolute abundance
estimates; it is influenced by fish size and behavior. In
previous surveys, we have used length-specific target-strength
estimates based on published information. Recent work on walleye
pollock swimbladder morphology and target strength by Foote and
Traynor (1988) now provides us with a regression relationship for
calculating target strength which should reduce the bias
associated with this factor. In the future, we plan to collect
sufficient in situ target-strength data to provide time-and area-
specific information.

Complete system calibration was conducted before and after
the survey, and field calibrations were conducted three times
during the season. We believe that unbiased instrument
performance measurements were obtained during these occasions.

The normal practice of setting the density threshold high
enough to exclude all extraneous returns (from noise and small
scatterers) will result in the exclusion of some fish targets,
especially when the fish are sparsely distributed;. low densities
of walleye pollock may not have been detected, particularly at
depths greater that 200 m. However, because most pollock were
observed in relatively dense schools shallower than 200 m, this
source of bias is not thought to have been serious. In some
areas, pollock may have been obscured by dense aggregations of
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zooplankton and jellyfish; data from these aggregations were not
used to estimate pollock abundance.

RESULTS OF 1988 TRIENNIAL SURVEY

Station Data

Station data from the 1988 survey are listed in Appendix B.
The data are organized by area of survey activity and vessel.
Appendix Tables Bl-B4 contain standard bottom trawl stations used
in the analyses; Tables B5-B6 contain the station data from the
acoustic survey.

Environmental Conditions

Sea surface temperatures recorded during the 1988 survey
ranged from 2.8 to 12.9°C (Fig. 7). Two cells of cold 2.8-4.0°C
water were observed within the 50 m isobath off northern Bristol
Bay. Most of the remaining inner shelf water ranged from 4 to
6°C Midshelf surface water mainly ranged from 6 to 8°C as did
the outer shelf water south of the Pribilof Islands. Surface
waters over the outer shelf north of the Pribilofs and over much
of the slope ranged from 8 to 10°C. There was some colder 7-8°C
surface water over the extreme northern and southern slope areas
that also extended onto the shelf in these regions. The warmest
temperatures observed were near shore on the north shelf where
surface temperatures exceeded 10°C.

Bottom temperature conditions during summer 1988 were some
of the coldest observed since 1975 (Fig. 7). Water of less than
O°C covered extensive areas of the midshelf to as far south as
the vicinity of the Pribilof Islands. Such an extensive tongue
of subzero water has only been observed previously in 1975 and
1986. The large mass of 0-2°C water extending over the majority
of the central shelf and portions of the inner and outer shelves
is also typical of colder years. Somewhat warmer 2-4°C bottom
water was found over most of the outer shelf and the slope.
Bottom temperatures on the slope were quite uniform with almost
all the observations ranging from 3.1 to 3.9°C. Some much warmer
bottom temperatures (7-10°C and higher) were recorded on the more
inshore areas of the north shelf.

The mean bottom temperature for the standard annual survey
area (excluding the north shelf) was 2.3°C (Fig. 8). This value
falls at the lower end of the range of mean summer bottom water
temperatures (1.8-5.1°C) for years in which the total standard
area has been surveyed. Mean bottom temperatures observed over a
more limited region of the southeast Bering Sea which has been
sampled annually since 1971 have ranged from 1.2 to 4.8°C; the
1988 value for this area was 3.0°C, near the middle of 'the range
for this area.



Figure 7.--Distribution of surface water (top panel) and
bottom water (lower panel) temperatures (°C)
observed during the 1988 survey.
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Figure 8. --Mean bottom temperatures in the eastern Bering
Sea based on bathythermograph casts during the
Alaska Fisheries Science Center's groundfish
surveys. The 1971-88 means (dashed line) are
from the southeast Bering Sea (see inset) and the
1975 and 1979-88 means (solid line) are from the
larger survey area outlined on the inset.
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Species Encountered

All species of fish and invertebrates taken during the 1988
survey are ranked by relative abundance (CPUE) in Appendix Table
C-3. There were 106 species of fish identified among 34
families, similar in number to the 108 species among 33 families
identified during the 1982 triennial survey (Bakkala et al.
1985).

Two species not taken during earlier surveys were identified
during the 1988 survey: longnose lancetfish (Alepisaurus ferox)
and yellowtail rockfish (Sebastes flavidus).

Overall Abundance of Major Fish and Invertebrate Families

The total animal biomass for the overall survey area was
estimated at 26.1 million t, of which fish species accounted for
84% (21.8 million t) and invertebrates 16% (4.2 million t)
(Tables 8 and 9). Within the groundfish complex, the most
abundant families were the cods which represented 61% (13.3
million t) of the total fish biomass and the flatfish (7.3
million t), which represented 33% of the total biomass; these
families combined represented 94% of the total fish biomass. The
next most abundant families were the skates and sculpins
representing 2 and 1% of the total, respectively.

The most abundant invertebrate groups were the crabs (43% of
the total sampled invertebrate biomass), starfish (22%), and
snails (12%). The majority of the fish biomass (92%) was located
on the eastern Bering Sea shelf (subareas l-6, Fig. 9; see Fig. 3
for location of subareas). The north shelf (subareas 7-8)
accounted for 6% of the total fish biomass and the continental
slope (subareas 9-12) for 2%. The majority of the fish biomass
(44%) was located on the outer shelf (subareas 5-6), but they
were also abundant (35%) in the middle shelf subareas (Fig. 9).
Over a third of the total fish biomass (8.1 million t, or 37%)
was located in the outer shelf subarea north of the Pribilof
Islands (subarea 6) with most of this (7.4 million t) consisting
of walleye pollock. Most (7.5 million t or 62%) of the total
biomass of pollock derived from the combined bottom trawl and
acoustic survey data were sampled by bottom trawls.

Relative Importance of Individual Species of Fish

Listings of all species of fish and invertebrates in order
of relative abundance (CPUE) taken on the continental shelf and
slope and in the overall survey area are presented in Appendix C.

Bottom Trawl Survey

Figure 10 illustrates the relative importance of major
species and species groups taken during the 1988 bottom trawl



Table 8.--Biomass estimates (metric tons, t) for major fish species and fish groups taken during
the 1988 bottom trawl and midwater hydroacoustic survey.



Table 9.--Biomass estimates (in metric tons, t) for major invertebrate species and invertebrate
groups taken during the 1988 bottom trawl survey.

' P r o p o r t i o n  o f  t o t a l  e s t i m a t e d  b i o m a s s , f i s h  a n d  I n v e r t e b r a t e s  c o m b i n e d ,  f o r  t h e  t o t a l  s u r v e y  a r e a  ( T o t a l  e s t i m a t e d  b i o m a s s  =  2 6 , 0 6 9 , 4 1 3  t ) .
N o t e :  D i f f e r e n c e s  i n  s u m s  o f  e s t i m a t e s  a n d  t o t a l s  o r e  d u e  t o  r o u n d i n g .



Figure 9.--Distribution and relative abundance of total fish in the eastern Bering Sea, including
midwater walleye pollock, as shown by the 1988 bottom trawl and midwater surveys.
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survey. Table 8 presents biomass estimates for all principal
species and species groups of fish from the bottom trawl data and
includes the walleye pollock data from the EIMWT survey.

Over all depths, walleye pollock was the most prominent
species representing nearly 44% of the total fish biomass
estimate from the bottom trawl survey (Fig. 10). Including the
EIMWT survey estimate, walleye pollock made up 56%. Flatfish
represented an important component of the bottom trawl estimates.
Yellowfin sole was the second most abundant species representing
18% of the total fish biomass, and rock sole was third with 11%.

The relative proportion of each species in the bottom trawl
survey varied considerably with depth. In the inshore waters
less than 50 m in depth, yellowfin sole was the predominant
species, representing 45% of the total fish biomass estimate.
Rock sole was second with 25% and Alaska plaice was third with
8%. In these waters, walleye pollock made up only 7% of the
estimated fish.

Across the rest of the shelf, from 50 m to the shelf edge
near 200 m, walleye pollock made up 56% of the bottom trawl
biomass estimate for fish. Yellowfin sole was second with 10%
and rock sole was third with 7%. Pacific cod (Gadus
macrocephalus) was also near 7%.

On the continental slope, walleye pollock was still the
predominate species with 32% of the biomass. Greenland turbot
was second with 20%, and the rattails were third with 15%.
Sablefish (Anoplopoma fimbria), arrowtooth flounder (Atheresthes
stomias), and Pacific ocean perch (Sebastes alutus) each
accounted for nearly 7%.

Echo Integration-Midwater Trawl Survey

As described under methods, two types of midwater trawls
were used to sample midwater walleye pollock. The smaller
Marinovich trawl, with a 3.2 mm codend liner, was directed at
juvenile fish sign while the Northern Gold rope trawl, a
commercial midwater pollock trawl, was directed at adult pollock
sign. As would be expected, catch compositions differed between
the two trawls. Age-l and older walleye pollock dominated rope
trawl catches over all depths and comprised 99.8% by weight of
the total catch of fish (Table 10). This proportion was similar
from the three hauls over bottom depths of 50-100 m and from the
22 hauls over bottom depths of 100-200 m. Other species, mainly
Pacific cod, were taken in very small quantities.

Pollock also dominated catches from the Marinovich midwater
trawl (Table 11). Adult flatfish dominated the aggregated catch
composition by weight from the six hauls over bottom depths of
50-100 m because two adult flatfish were caught in one of the
hauls. Overall, juvenile pollock dominated the fish catches;
pollock was the only species taken in the four Marinovich tows
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Table 10. --Rank order of abundance of all fish taxa taken
by the Northern Gold 1200 Rope trawl during the
1988 midwater survey.
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Table 11. --Rank order of abundance of all fish taxa in surface
layers taken by the Marinovich trawl during the 1988
midwater survey.
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over depths of 100-200 m. For fish and invertebrates combined,
jellyfish comprised 90.9% by weight of the Marinovich trawl
catches over all depths.

Results of 1988 Studies on Age-O Walleye Pollock

In previous years, attempts have been made to assess the
distribution and abundance of age-0 walleye pollock. However,
practical difficulties were encountered because age-0 pollock
were often found in close association with substantial quantities
of jellyfish. In addition interpretation of survey results was
confounded by within- and between-year differences in gear
characteristics, survey area coverage, and survey timing.
Therefore, a directed survey of age-0 pollock was not conducted
in 1988 although hauls were made in areas where possible age-0
sign was encountered; when young-of-the-year pollock were caught,
length frequency samples were collected. Because of the limited
effort in 1988, it was not considered appropriate to compare
these results with the age-0 observations from previous years.

Age-O pollock were taken in nine of the Marinovich tows.
Most of these juveniles were encountered southeast of the
Pribilof Islands and in water depths between 50 and 100 m, a
known area of high abundance of age-0 pollock determined from
previous triennial surveys (Walters et al. 1988). Overall,
length measurements were taken from 268 fish having a mean length
of 33.1 mm (Figure 11).

Abundance, Distribution, and Size and Age Composition
of Principa1 Species of Fish, Shrimps, Squids, and Octopuses

Tables 15-45 and Figures 14-87 summarize findings from the
1988 U.S.-Japan survey for each of the principal commercially
important species of demersal fish and the more abundant species
groups such as the sculpins, eelpouts, and skates, and the
shrimps, squids, and octopuses. (Note that the final section of
the report comparing results of the four triennial surveys, which
contains Tables 12-14 and Figures 12-13, precedes the above
tables and figures. This arrangement allows all of the text to
precede the large numbers of tables and figures in the remainder
of the report as a convenience for the reader.) Tables summarize
mean CPUE and biomass estimates, population numbers and mean size
by subarea. Figures illustrate the geographic distributions
and length compositions of each species. Where data are
available, the age distribution and growth characteristics of the
populations are also shown. Results of the hydroacoustic survey
are also summarized in the walleye pollock section (except for
results on age-0 pollock described above) along with combined
results from the bottom trawl and hydroacoustic survey on
pollock.



Figure 11. --Length distribution of age-0 walleye pollock as
shown by sampling during the 1988 midwater
survey.
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COMPARISON OF RESULTS FROM THE FOUR TRIENNIAL SURVEYS

Results from the 1979, 1982, and 1985 triennial surveys were
compared by Walters et al. (1988). This previous comparison did
not include results of the EIMWT surveys of midwater walleye
pollock, but did include results of the 1981 survey when both the
continental shelf and slope waters of the eastern Bering Sea were
also sampled with bottom trawls by U.S and Japanese vessels. In
this previous comparison, a portion of the shelf was excluded in
the vicinity of Nunivak Island because it was not sampled in 1981
(see Fig. 17 of Walters et al. 1988). In the present report only
the results of the triennial surveys (1979, 1982, 1985, and 1988)
are compared so that the results are compatible with the way the
shelf data are normally analyzed and used. Abundance estimates
from the EIMWT assessments of midwater pollock are also included.
The comparison is limited to subareas l-6 on the shelf and the
continental slope. North shelf data (subareas 7 and 8) are not
included because sampling of this region has not been uniform
during the four triennial years.

Trends in the abundance of major species and species groups
of fish, as well as the overall groundfish complex from the 4
years of triennial survey data, are given in Table 12 and
illustrated in Figure 12. These data indicate that the biomass
of the total groundfish complex was remarkably stable at
15 million t from 1979 to 1985 but increased to about 20 million t
in 1988. Despite the stability in the total biomass estimates
between 1979 and 1985, major changes were occurring among species
components. For example, between 1979 and 1982, the survey data
showed a substantial decline in the biomass of walleye pollock of
about 2.6 million t. This was offset by an apparent 2.27 million
t increase in biomass of flatfish, a 290,000 t increase in
biomass of Pacific cod, and a 116,000 t increase in other fish to
maintain the total fish biomass at approximately 15 million t.
Between 1982 and 1985, the survey data indicated that the biomass
of walleye pollock increased by 1.5 million t while the apparent
biomass of flatfish decreased by about 858,000 t and other fish
by 483,000 t to again maintain the biomass of the overall
groundfish complex at about 15 million t. The increase in total
fish biomass from 15 million to 20 million t between 1985 and
1988 was the result of increases in mean estimates for all
species categories; the biomass of pollock increased nearly 2.2
million t, flatfish 2.5 million t, and other fish 511,000 t.

Some of these fluctuations may be an artifact of the
availability or vulnerability of certain species to the surveys
or to sampling error. The marked decline in pollock biomass
estimates between 1979 and 1982 is questionable based on what is
now known about the population at that time. The extremely large
1978 year class was recruiting to the population in that period
(Bakkala 1989), and it seems unlikely that biomass would decline
substantially between 1979 and 1982. It is possible that the
abundance was overestimated by the 1979 survey, or that pollock





Figure 12.--Biomass estimates for principal species and species groups of
fish and for all fish combined based on the 4 years of
U.S.-Japan triennial bottom trawl and midwater survey data.
Species abbreviations are Cod = Pacific cod, Poll. = walleye
pollock, Yell. = yellowfin sole, Rock = rock sole.
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were less available in the survey area in 1982 than in the other
triennial survey years.

In 1979, population estimates of pollock were dominated by
l- and 2- year-old fish. As a result of this good recruitment,
population estimates were much higher in 1979 (134 billion) than
during later triennial surveys when estimates ranged between 27
and 31 billion (Table 13). The time series of triennial survey
age data for pollock now makes it apparent that recruitment in
1979, particularly for the 1978 year class was extraordinarily
large. The 1978 year class has since dominated or contributed
significantly to the biomass of the population, even at the
advanced age of 10 years in 1988 (Table 14, Fig. 13). The time
series also shows that there was moderately good recruitment from
the 1982 and 1984 year classes. The 1985 survey data suggests
that the 1979 and 1980 year classes were also moderately strong
although this was not evident in other years.

Another phenomenon revealed by the series of triennial
survey data is an increase in the average age of the pollock
population during the 1980s (Fig. 13). In 1979 a high proportion
of the biomass (78%) was made up of age groups 1 to 3 with
relatively few fish older than age 4 or 5. This was typical of
the eastern Bering Sea pollock population throughout the late
1970s (Bakkala 1989). During the 1980s there has been a shift to
a dominance of older age groups in the sampled population which
started with the progression of the strong 1978 year class
through the population. Subsequent year classes, even though
they have been weak to moderately strong, have remained abundant
to advanced ages. By 1988, 68% of the overall estimated biomass
consisted of age groups older than age 4.

An interesting aspect of pollock behavior, revealed by the
series of triennial survey data, is that older pollock tend to
occupy near-bottom water to a greater degree than younger
pollock. In 1979, only 29% of the combined bottom trawl and
acoustic biomass estimates were sampled by bottom trawls, but
this proportion increased to 39% in 1982, 49% in 1985, and 61% in
1988. The younger pollock, age-2 and age-3, appear to be
consistently more abundant at midwater depths (Table 14).
However, the vertical distribution of age-l fish has been more
variable. In 1979, when the very large 1978 year class was age
1, a high proportion of their biomass was found in midwater. In
subsequent triennial survey years when the new year classes were
less abundant, the majority of the age-l biomass was found near
the bottom. The results from the 1979 survey may have been
anomalous because of the extraordinary large size of the 1978
year class.

The species group showing the greatest increase in abundance
during the period of the triennial surveys was the flatfishes.
Collectively, the biomass of the flatfish complex more than
doubled between 1979 and 1988. However, this increase may be
exaggerated by a change in survey bottom trawls between 1979 and



Table 13.--Estimated population numbers (billions) of walleye pollock from demersal
and midwater surveys in 1979, 1982, 1985, and 1988*.

Population number estimates for 1982 have been revised from those given in tables of this kind in previous triennial reports (Bakkala et al. 1985, Walters
et al. 1988) so that they are derived from the bottom trawl survey area stratification system used in the analyses of the 1985 and 1988 age data.



Table 14. --Estimated biomass (thousands of metric tons) of walleye pollock from
demersal and midwater surveys in 1979, 1982, 1985, and 1988.*

 *Biomass estimates in this table exceed those in Table 12 because estimates from
the north shelf are included here but not in Table 12. In addition, in some years
the totals are not equal to those in Table 12 because different strata were used
to estimate the midwater biomass.
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Figure 13 .--Biomass estimates (in metric tons t) by age ofwalleye pollock as shown by combined data from
the 1988 bottom trawl and midwater surveys.
Filled bars indicate the bottom trawl component
and open bars indicate the midwater trawl
component.
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1982 and the unusually high fishing power coefficients used in
1988. As larger survey vessels came into use during the 198Os,
it became necessary to employ a bottom trawl larger than the
400-mesh eastern trawl which had been used as the standard trawl.
The new trawl, adopted in 1982 and used since then, is the 83-112
Eastern otter trawl. Substantial apparent increases in abundance
for most species of flatfish between the 1981 and 1982 surveys
suggested that the 83-112 trawl was more effective in capturing
flatfish than the 400-mesh eastern trawl (Bakkala et al. 1985).

As pointed out in the section on "Relative Fishing Powers",
the 1988 data indicated the need to apply relatively high fishing
power coefficients to an unusually large number of species,
particularly in the case of the flatfish (Table 4). The
application of these coefficients appeared to produce
unreasonable increases in abundance of at least some of the
flatfish. This may be another factor that exaggerated the
increase in abundance of the flatfish complex between 1979 and
1988. Nevertheless, the abundance of most of the flatfishes has
increased during the 198Os, and the abundance of the complex was
at its highest observed level in 1988.

Despite the use of the same standard trawl since 1982, the
survey data have shown what seems to be unreasonable fluctuations
in abundance of some flatfish, particularly yellowfin sole. For
example, the triennial survey biomass estimates for yellowfin
sole, which increased from 1.9 million t in 1979 to 3.3 million t
in 1982, decreased to 2.3 million t in 1985, and then increased
again to 2.9 million t in 1988. The decrease between 1982 and
1985 was statistically significant based on nonoverlapping 95%
confidence intervals although the increase between 1985 and 1988
was not. Fluctuations in biomass of this magnitude are
biologically untenable for a long-lived and slow-growing species
like yellowfin sole. These fluctuations appear to be the result
of year-to-year changes in the availability or vulnerability of
yellowfin sole to the survey trawls. Although of lower magnitude
and, thus, not as apparent, fluctuations in abundance of some of
the other species of flatfish may also be an artifact of sampling
error.

The triennial and earlier survey data have also documented
increased abundance of other commercially important stocks such
as Pacific cod, sablefish, and Pacific ocean perch. Most of the
increase for Pacific cod occurred prior to the first triennial
survey in 1979 as a result of the recruitment of a strong year
class spawned in 1977. The biomass of Pacific cod has been
relatively stable at about 1.0 million t since 1982 and has been
maintained at that level by recruitment of moderately strong year
classes in 1982 and 1984. Juvenile sablefish of the 1977 year
class were abundant on the eastern Bering Sea continental shelf
during the 1979 triennial survey as well as in 1978 and 1980
(Table 12), the only such occurrence since survey activity was
initiated in the early 1970s. The decline in abundance of
juvenile sablefish on the shelf and the increase in abundance on
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the slope in subsequent years indicate a movement of these
juveniles to continental slope waters.

During the 9-year period of the triennial surveys, there
have also been some large changes in abundance of some of the
noncommercially important species groups, most notably for
eelpouts and skates. The survey data indicate that the biomass
of eelpouts declined in 1985 to about 5% of their abundance in
1979. The higher biomass in 1988 suggests that this species
complex may be beginning to recover. In contrast, the survey
data indicate that the biomass of skates increased about sixfold
from less than 100,000 t in 1979 to about 450,000 t in 1988. As
in the case of flatfish, the change in trawls in 1982 may have
also overemphasized the increase in abundance of this species
complex.

This comparison of results from the triennial surveys
demonstrate the dynamic nature of the groundfish complex in the
eastern Bering Sea. Over the relatively brief 9-year period of
these surveys, major changes in abundance of several species or
species groups took place. These changes often involved
increases or declines in abundance on the order of four-to five-
fold or greater. Although the magnitude of these fluctuations
may have been exaggerated to some degree by factors such as the
change in the standard survey trawls in 1982, it is clear that
the abundance of many species has increased, and that the
condition of the groundfish complex in the eastern Bering Sea has
generally improved over the 9-year period of the triennial
surveys.

NOTE TO READERS

As explained on page 38, the following Tables 15-45 and
Figures 14-87 summarize findings from the 1988 triennial survey
for the principal species and species groups of groundfish,
shrimps, octopuses, and squids. The citations section follows
these figures and tables.



Figure 14. --Distribution and relative abundance of age-l and older walleye pollock near bottom in
the eastern Bering Sea as shown by the 1988 U.S.-Japan bottom trawl survey.



Table 15.--Abundance estimates and mean size of walleye pollock by subarea from
the 1988 U.S.-Japan bottom trawl surveys in the eastern Bering Sea.

Note: Differences in totals and sums of biomass and population numbers by subarea are due to rounding.



Figure 15.--Distribution and relative abundance of age-l and older walleye pollock in midwater
of the eastern Bering Sea as shown by the 1988 midwater survey.



Table 16. --Abundance estimates and mean size of walleye pollock by subarea from
U.S. midwater data collected during the 1988 Bering Sea survey.

a
indicates no fishing or no sample.

b Trawl samples were not taken in these areas.
taken in adjacent areas.

Biological information is based on closest samples

Note: Differences in totals and sums of biomass and population numbers by subarea are due to rounding.



Figure 16. --Distribution and relative abundance of age-l and older walleye pollock in midwater
and near bottom as shown by combined data from the 1988 bottom trawl and midwater
surveys.



Figure 17. --Length composition of walleye pollock near bottom by subarea and depth zone as
shown by data from the 1988 U.S-Japan bottom trawl survey.



Figure 18. --Length composition of walleye pollock in midwater by subarea and bottom depth zone as
shown by data from the 1988 midwater survey.



Figure 19. --Population number estimates by centimeter length
interval for walleye pollock near bottom in the eastern
Bering Sea as shown by the 1988 U.S.-Japan bottom trawl
survey.
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Figure 20. --Population estimates by centimeter length interval
for walleye pollock in the eastern Bering Sea from
the 1988 bottom trawl and midwater surveys and from
combined data.



Table 17 .--Estimated population numbers (millions of fish) of walleye pollock near bottom by age group and
subarea as shown by combined age and length data from the 1988 bottom trawl survey.

Note: Differences in sums of estimates by subarea or age and totals are due to rounding.



Figure 21.-- Population estimates by age for walleye pollock near bottom
as shown by age and length data from the 1988 bottom trawl
survey of the eastern Bering Sea.



Table l&I.--Estimated population numbers (millions of fish) of walleye pollock in midwater by age group
and subarea as shown by age and length data from the 1988 midwater survey.

a Subarea not sampled during the 1988 midwater survey.
b Trawl samples were not taken in these areas. Biological information is based on the closest samples taken in adjacent areas.
Note: Differences in sums of estimates by subarea or age and totals are due to rounding.



Figure 22 .--Population estimates by age for walleye pollock in midwater
as shown by age and length data from the 1988 midwater
survey in the eastern Bering Sea.



Table lg.--Estimated population numbers (millions of fish) of walleye pollock near bottom and in midwater
by age group and subarea as shown by combined age and length data from the 1988 bottom trawl and
midwater survey.

Note: Differences in sums of estimates by subarea or age and totals are due to rounding.
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Figure 23 .--Population estimates by age for walleye pollock near bottom,
in midwater, and for the overall sampled population as
shown by age and length data from the 1988 bottom trawl
and midwater surveys.
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Figure 24.--Von Bertalanffy growth curves for male and female walleye
pollock as shown by age data from the 1988 U.S. bottom trawl
survey.
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Table 20. --Parameters of the von Bertalanffy growth curves for
walleye pollock by sex based on age readings from
otoliths and length data from the 1988 U.S. bottom
trawl survey. Parameters for unselected ages were
derived from all age readings and those for selected
ages from ages with five or more observations.



Figure 25.--Distribution and relative abundance of Pacific cod in the eastern Bering Sea as
shown by the 1988 U.S.-Japan bottom trawl survey.



Table 21. --Abundance estimates and mean size of Pacific cod by subarea from
the 1988 U.S. -Japan bottom trawl surveys in the eastern Bering Sea.

aO indicates fishing but no catch.
indicates no catch or no sample.

Note: Differences in totals and sums of biomass and population numbers by subarea are due to rounding.



Figure 26. --Length composition of Pacific cod by subarea and depth zone as shown by data from the
1988 U.S.-Japan bottom trawl survey.



Figure 27.-- Population number estimates by centimeter length
interval for Pacific cod in the eastern Bering Sea
as shown by data from the 1988 U.S.-Japan bottom
trawl survey.



Table 22 .--Estimated population numbers (millions of fish) of Pacific cod by age group and subarea as
shown by age and length data from the 1988 bottom trawl survey of the eastern Bering Sea.

Note: Differences in sums of estimates by subarea or age and totals are due to rounding.
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Figure 28.--Population estimates by age for Pacific cod as shown by
age and length data from the 1988 bottom trawl survey of
the eastern Bering Sea.
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Figure 29. --Von Bertalanffy growth curves for male and female Pacific
cod as shown by age data from the 1988 U.S. bottom trawl
survey.
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Table 23. --Parameters of the von Bertalanffy growth curves for
Pacific cod by sex based on age readings from otoliths
and length data from the 1988 U.S. bottom trawl
survey. Parameters for unselected ages were derived
from all age readings and those for selected ages from
ages with five or more observations.



Figure 30.--Distribution and relative abundance of sablefish in the eastern Bering Sea as
shown by the 1988 U.S.-Japan bottom trawl survey.



Table 24. --Abundance estimates and mean size of sablefish by subarea from the 1988
U.S.-Japan bottom trawl surveys in the eastern Bering Sea.

aO indicates fishing but no catch.
indicates no catch or no sample.

Note: Differences in totals an of sums of biomass and population numbers by subarea are due to rounding.



Figure 31 .--Length composition of sablefish by subarea and depth zone as shown by data from the
1988 U.S.-Japan bottom trawl survey.



Figure 32.-- Population number estimates by centimeter length
interval for sablefish in the eastern Bering Sea
as shown by data from the 1988 U.S.-Japan bottom
trawl survey.



Figure 33.--Distribution and relative abundance of Pacific ocean perch in the eastern Bering Sea as

shown by the 1988 U.S. -Japan bottom trawl survey.



Table 25. --Abundance estimates and mean size of Pacific ocean perch by subarea from
the 1988 U.S.-Japan bottom trawl surveys in the eastern Bering Sea.

aO indicates fishing but no catch.
b- indicates no catch or no sample.
Note: Differences in totals and sums of biomass and population numbers by subarea are due to rounding.





Figure 35. --Population number estimates by centimeter length
interval for Pacific Ocean perch in the eastern
Bering Sea as shown by data from the 1988 U.S.-Japan
bottom trawl survey.



Figure 36.--Distribution and relative abundance of other rockfish in the eastern Bering Sea as
shown by the 1988 U.S.-Japan bottom trawl survey.



Table 26 .--Abundance estimates and mean size of rougheye, shortraker, and northern
rockfish by subarea from the 1988 U.S. bottom trawl surveys of the Bering
Sea slope.

Note: Differences in totals and sums of biomass and population numbers by subarea are due to rounding.



Figure 37.--Population number estimates by centimeter length interval
for rougheye rockfish and shortraker rockfish in the
eastern Bering Sea as shown by data from the 1988
U.S.-Japan bottom trawl survey.



Figure 38.--Distribution and relative abundance of thornyhead rockfish in the eastern Bering Sea
as shown by the 1988 U.S.-Japan bottom trawl survey.



Table 27 .--Abundance estimates and mean size of shortspine thornyhead rockfish
by subarea from the 1988 U.S. -Japan bottom trawl surveys in the eastern
Bering Sea.

aO indicates fishing but no catch.
b- indicates no catch or no sample.
Note: Differences in totals and sums of biomass and population numbers by subarea are due to rounding.



Figure 39. --Population number estimates by centimeter length
interval for thornyhead rockfish in the eastern
Bering Sea as shown by data from the 1988 U.S.-Japan
 bottom trawl survey.



Figure 40.--Distribution and relative abundance of yellowfin sole in the eastern Bering Sea as

shown by the 1988 U.S.-Japan bottom trawl survey.



Table 28. --Abundance estimates and mean size of yellowfin sole by subarea from
the 1988 U.S.-Japan bottom trawl surveys in the eastern Bering Sea.

aO indicates fishing but no catch.
b- indicates no catch or no sample.
Note: Differences in totals and sums of biomass and population numbers by subarea are due to rounding.





Figure 42. --Population number estimates by centimeter length
interval for yellowfin sole in the eastern Bering
Sea as -shown by data from the 1988 U.S.-Japan
bottom trawl survey.



Table 29 .--Estimated population numbers (millions of fish) of yellowfin sole by age groups and subarea as
shown by age and length data from the 1988 bottom trawl survey in the eastern Bering Sea.

Note: Differences in sums of estimates by subarea or age and totals are due to rounding.



Figure 43 .--Population estimates by age for yellowfin sole
as shown by age and length data from the 1988
bottom trawl survey of the eastern Bering Sea.



Figure 44. --Von Bertalanffy growth curves for male and female yellowfin
sole as shown by age data from the 1988 U.S. bottom trawl
survey.
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Table 30. --Parameters of the von Bertalanffy growth curves for
yellowfin sole by sex based on age readings from
otoliths and length data from the 1988 U.S. bottom
trawl survey. Parameters for unselected ages were
derived from all age readings and those for selected
ages from ages with five or more observations.



Figure 45.--Distribution and relative abundance of rock sole in the eastern Bering Sea as

shown by the 1988 U.S .-Japan bottom trawl survey.



97





Figure 47 .--Population number estimates by centimeter length
interval for rock sole in the eastern Bering Sea
as shown by data from the 1988 U.S.-Japan
bottom trawl survey.



Table 32 .--Estimated population numbers (millions of fish) of rock sole by age group and subarea as shown
by age and length data from the 1988 bottom trawl survey of the eastern Bering Sea.

Note: Differences in sums of estimates by subarea or age and totals are due to rounding.



Figure 48.-- Population estimates by age for rock sole as
shown by age and length data from the 1988
bottom trawl survey of the eastern Bering Sea.



Figure 49. --Von Bertalanffy growth curves for male and female rock sole
as shown by age data from the 1988 U.S. bottom trawl survey.
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Table 33. --Parameters of the von Bertalanffy growth curves for
rock sole by sex based on age readings from otoliths
and length data from the 1988 U.S. bottom trawl
survey. Parameters for unselected ages were derived
from all age readings and those for selected ages from
ages with five or more observations.



Figure 50.--Distribution and relative abundance of flathead sole in the eastern Bering Sea as
shown by the 1988 U.S. -Japan bottom trawl survey.



Table 34.--Abundance estimates and mean size of flathead sole by subarea from
the 1988 U.S. -Japan bottom trawl surveys in the eastern Bering Sea.

l indicates no catch or no sample.
Note: Differences in totals and sums of biomass and population numbers by subarea are due to rounding.



Figure 51. --Length composition of flathead sole by subarea and depth zone as shown by data

from the 1988 U.S. -Japan bottom trawl survey.



Figure 52. --Population number estimates by centimeter length
interval for flathead sole in the eastern Bering
Sea as shown by data from the 1988 U.S.-Japan
bottom trawl survey.



Figure 53. --Distribution and relative abundance of Alaska plaice in the eastern Bering Sea as
shown by the 1988 U.S. -Japan bottom trawl survey.



Table 35. --Abundance estimates and mean size of Alaska plaice by subarea from
the 1988 U.S. -Japan bottom trawl surveys in the eastern Bering Sea.

aO indicates fishing but no catch.
indicates no catch or no samp

Note: Differences in totals and
le.
sums of biomass and population numbers by subarea are due to rounding.



Figure 54. --Length composition of Alaska plaice by subarea and depth zone as shown by data
from the 1988 U.S.-Japan bottom trawl survey.



Figure 55. --Population number estimates by centimeter length
interval for Alaska plaice in the eastern Bering
Sea as shown by data from the 1988 U.S.-Japan
bottom trawl survey.



Figure 56. --Distribution and relative abundance of Greenland turbot in the eastern Bering Sea as
shown by the 1988 U.S. -Japan bottom trawl survey.



Table 36.--Abundance estimates and mean size of Greenland turbot by subarea from
the 1988 U.S.-Japan bottom trawl surveys in the eastern Bering Sea.

AO indicates fishing but no catch.
b- indicates no catch or no samp le.
Note: Differences in totals and sums of biomass and population numbers by subarea are due to rounding.



Figure 57.--Length composition of Greenland turbot by subarea and depth zone as shown by data from
the 1988 U,S. -Japan bottom trawl survey.



Figure 58. --Population number estimates by centimeter length
interval for Greenland turbot in the eastern Bering
Sea as shown by data from the 1988 U.S.-Japan
bottom trawl survey.



Figure 59. --Distribution and relative abundance of arrowtooth flounder in the eastern Bering Sea as
shown by the 1988 U.S. -Japan bottom trawl survey.



Table 37.--Abundance estimates and mean size of arrowtooth flounder by subarea from
the 1988 U.S.-Japan bottom trawl surveys in the eastern Bering Sea.

aO indicates fishing but no catch.
b- indicates no catch or no sample.
Note: Differences in totals and sums of biomass and population numbers by subarea are due to rounding.



Figure 60.--Length composition of arrowtooth flounder by subarea and depth zone as shown by data from
the 1988 U.S.-Japan bottom trawl survey.



Figure 61. --Population number estimates by centimeter
length interval for arrowtooth flounder in
the eastern Bering Sea as shown by data from
the 1988 U.S.-Japan bottom trawl survey.





Table 38. --Abundance estimates and mean size of Pacific halibut by subarea from
the 1988 U.S.-Japan bottom trawl surveys in the eastern Bering Sea.

Note: Differences in totals and sums of biomass and population numbers by subarea are due to rounding.



Figure 63. --Length composition of Pacific halibut by subarea and depth zone as shown by data

from the 1988 U.S. -Japan bottom trawl survey.



Figure 64. --Population number estimates by centimeter length
interval for Pacific halibut in the eastern Bering
Sea as shown by data from the 1988 U.S.-Japan
bottom trawl survey.



Figure 65.--Distribution and relative abundance of longhead dab in the eastern Bering Sea as
shown by the 1988 U.S .-Japan bottom trawl survey.



Table 39. --Abundance estimates and mean size of longhead dab by subarea from
the 1988 U.S.-Japan bottom trawl surveys in the eastern Bering Sea.

aO indicates fishing but no catch.b- indicates no catch or no sample.
Note: Differences in totals and sums of biomass and population numbers by subarea are due to rounding.



Figure 66. --Length composition of longhead dab by subarea and depth zone as shown by data
from the 1988 U.S.-Japan bottom trawl survey.



Figure 67. --Population number estimates by centimeter length
interval for longhead dab in the eastern Bering
Sea as shown by data from the 1988 U.S.-Japan
bottom trawl survey.



Figure 68. --Distribution and relative abundance of starry flounder in the eastern Bering Sea as
shown by the 1988 U.S. -Japan bottom trawl survey.



Table 40. --Abundance estimates and mean size of starry flounder by subarea from
the 1988 U.S.-Japan bottom trawl surveys in the eastern Bering Sea.

aO indicates fishing but no catch.
b- indicates no catch or no sample.
Note: Differences in totals and sums of biomass and population numbers by subarea are due to rounding.



Figure 69.--Length composition of starry flounder by subarea and depth zone as shown by data from
the 1988 U.S.-Japan bottom trawl survey.



Figure 7O.--Distribution and relative abundance of rex sole in the eastern Bering Sea as
shown by the 1988 U.S .-Japan bottom trawl survey.



Table 41.--Abundance estimates and mean size of rex sole by subarea from the
1988 U.S.-Japan bottom trawl surveys in the eastern Bering Sea.

aO indicates fishing but no catch.
b- indicates no catch or no sample.
Note: Differences in totals and sums of biomass and population numbers by subarea are due to rounding.



Figure 71 .--Length composition of rex sole by subarea and depth zone as shown by data from
the 1988 U.S.-Japan bottom trawl survey.



Figure 72.-- Population number estimates by centimeter length
interval for rex sole in the eastern Bering
Sea as shown by data from the 1988 U.S.-Japan
bottom trawl survey.





Table 42. --Abundance estimates and mean size of Pacific herring by subarea from
the 1988 U.S.-Japan bottom trawl surveys in the eastern Bering Sea.

aO indicates fishing but no catch.
b- indicates no catch or no sample.
Note: Differences in totals and sums of biomass and population numbers by subarea are due to rounding.



Figure 74. --Distribution and relative abundance of grenadiers in the eastern Bering Sea as
shown by the 1988 U.S.-Japan bottom trawl survey.



Table 43. --Abundance estimates and mean size of Coryphaenoides spp.
by subarea from the 1988 U.S.

and giant grenadiers
bottom trawl survey of the Bering Sea slope.

l- indicates no catch or no sample.
Note: Differences in totals and sums of biomass and poulation numbers by subarea are due to rounding.

The sum of the biomass estimates for Coryphaenoi des spp
on U.S. survey vessel data, do not equal the estimate F

. and giant grenadier in this table, based
or all grenad iers in Table 8. The estimate

in Table 8 includes data from the Japanese survey vessel which did not always identify
giant grenadiers in their catches.



Figure 75.--Population number estimates by centimeter length interval
for Coryphaenoides spp. and giant grenadier in the eastern
Bering Sea as shown by data from the 1988 U.S.-Japan bottom
trawl survey. Length measurements are from the anterior tip
of the head to the middle of the anus.





Table 44.--Estimates of biomass (t) and population numbers in millions
(below) by depth (m) and subareas for sculpins from the 1988
U.S.-Japan bottom trawl surveys in the Bering Sea.

Note: Differences in totals and sums are due to rounding.



Figure 77.--Distribution and relative abundance of Gymnocanthus spp. in the eastern Bering Sea as
shown by the 1988 U.S. -Japan bottom trawl survey.



Figure 78.--Distribution and relative abundance of butterfly sculpin in the eastern Bering Sea as
shown by the 1988 U.S. -Japan bottom trawl survey.



Figure 79. --Distribution and relative abundance of yellow Irish lords in the eastern Bering Sea as

shown by the 1988 U.S. -Japan bottom trawl survey.



Figure 80.--Distribution and relative abundance of plain sculpin in the eastern Bering Sea as
shown by the 1988 U.S.-Japan bottom trawl survey.



Figure 81.--Distribution and relative abundance of Myoxocephalus spp. in the eastern Bering Sea as

shown by the 1988 U.S. -Japan bottom trawl survey.



Figure 82. --Distribution and relative abundance of spinyhead sculpin in the eastern Bering Sea as
shown by the 1988 U.S. -Japan bottom trawl survey.







Table 45.--Estimates of biomass (in metric tons) and population numbers
in millions (below) by depth (m) and subareas for eelpouts
from the 1988 U.S.-Japan bottom trawl surveys in the Bering
Sea.

Note: Differences in totals and sums are due to rounding.



Figure 85.--Distribution and relative abundance of marbled eelpouts in the eastern Bering Sea as

shown by the 1988 U.S.-Japan bottom trawl survey.





Figure 87.--Distribution and relative abundance of shortfin eelpout in the eastern Bering Sea as
shown by the 1988 U.S.-Japan bottom trawl survey.



Figure 88.-- Distribution and relative abundance of skates in the eastern Bering Sea as shown by
the 1988 U.S.-Japan bottom trawl survey.



Table 46. --Abundance estimates and mean size of skates by subarea from the 1988
U.S.-Japan bottom trawl surveys in the eastern Bering Sea.

* indicates no catch or no sample.
Note: Differences in totals and sums of biomass and population numbers by subarea are due to rounding.



Figure 89. --Distribution and relative abundance of poachers in the eastern Bering Sea as

shown by the 1988 U.S. -Japan bottom trawl survey.



Table 47 .--Abundance estimates and mean size of poachers by subarea Erom
the 1988 U.S.-Japan bottom trawl surveys in the eastern Bering Sea.

*

Note: Differences in totals and sums of biomass and population numbers by subarea are due to rounding.



Figure 90.--Distribution and relative abundance of snailfishes in the eastern Bering Sea as

shown by the 1988 U.S. -Japan bottom trawl survey.



Table 48. --Abundance estimates and mean size of snailfish by subarea from
the 1988 U.S. -Japan bottom trawl surveys in the eastern Bering Sea.

- indicates no catch or no sample.
Note: Differences in totals and sums of biomass and population numbers by subarea are due to rounding.



Figure 91 .--Distribution and relative abundance of smelts in the eastern Bering Sea as
shown by the 1988 U.S. -Japan bottom trawl survey.



Table 49. --Abundance estimates and mean size of smelts by subarea from
the 1988 U.S.-Japan bottom trawl surveys in the eastern Bering Sea.

aO indicates fishing but no catch.b- indicates no catch or no sample.
Note: Differences in totals and sums of biomass and population numbers by subarea are due to rounding.



Figure 92.--Distribution and relative abundance of squids in the eastern Bering Sea as
shown by the 1988 U.S. -Japan bottom trawl survey.



Table 50. --Abundance estimates and mean size of squids by subarea from
the 1988 U.S.-Japan bottom trawl surveys in the eastern Bering Sea.

aO indicates fishing but no catch;
b- indicates no catch or no sample.
Note: Differences in totals and sums of biomass and population numbers by subarea are due to rounding.



Figure 93. --Distribution and relative abundance of shrimps in the eastern Bering Sea as
shown by the 1988 U.S. -Japan bottom trawl survey.



Table 51. --Abundance estimates and mean size of shrimps by subarea from the 1988
U.S.- Japan bottom trawl surveys in the eastern Bering Sea.

*indicates no catch or no sample.
Note: Differences in totals and sums of biomass and population numbers by subarea are due to rounding.



Figure 94.--Distribution and relative abundance of octopuses in the eastern Bering Sea as

shown by the 1988 U.S. -Japan bottom trawl survey.
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APPENDIX A

Schematic Diagrams of Trawls Used During the 1988
U.S.-Japan Eastern Bering Sea Surveys
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Figure A-l. --Schematic diagram of the 83-112 Eastern bottom trawl
used by U.S. vessels on the continental shelf during
the 1988 survey.
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F i g u r e  A-2a. --Schematic diagram of the bottom trawl used
on the Japanese vessel Tomi Maru No.
the 1988 survey.

51 during
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Figure A-3. --Schematic diagram of the Nor'eastern trawl used by the NOAA
vessel Miller Freeman on the continental slope during the
1988 survey.



Figure A-4a.--Schematic diagram of the Northern Gold trawl used to sample age-l and older
walleye pollock during the 1988 midwater survey aboard the Pelagos.
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Figure A-4b. --Schematic diagram of the rigging for the headrope, footrope,
and breastlines (above} and the bridles (below) for the
Northern fold trawl used during the midwater survey on the
Pelagos.
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Figure A-5 .--Schematic diagram of the Marinovich midwater trawl used
during the 1988 midwater survey to sample age-0 walleye
pollock aboard the Pelagos.
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APPENDIX B

Station Data from the 1988 U.S.-Japan Eastern Bering Sea Surveys

Appendix B contains listings of station data for all trawl
stations completed during the 1988 surveys.

In using the tables the following should be noted:

Time represents the nearest hour at the start of the tow.
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1 8 0

Table B-l .--Station data for the chartered vessel Alaska during the 1988 bottom
trawl survey.



1 8 1

Table B-l .--Station data Alaska Continued.
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Table B-l .--Station data Alaska Continued.
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Table B-l .--Station data Alaska Continued.



1 8 4

Table B-l .--Station data Alaska Continued.

a Hauls with a stratum designator of -9 were not used in the analysis due to bad
performance, being outside the standard area, or part of another experiment.

b A value of -9.0 indicates no temperature was taken.



1 8 5

Table B-2 .--Station data for the chartered vessel Ocean Hope 3 during the 1988
bottom trawl survey.



1 8 6

Table B-2 .--Station data Ocean Hope 3 Continued.
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Table B-2.--Station data Ocean Hope 3 Continued.
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Table B-2 .--Station data Ocean Hope 3 Continued.
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Table B-2 .--Station data Ocean Hope 3 Continued.

a Hauls with a stratum designator of -9 were not used in the analysis due to bad
performance, being outside the standard area, or part of another experiment.

b A value of -9.0 indicates no temperature was taken.
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Table B-3 .--Station data for the NOAA vessel Miller Freeman during the 1988 bottom
trawl survey.
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Table B-3.--Station data Miller Freeman Continued.
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Table B-3 .--Station data Miller Freeman Continued.
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Table B-3 .--Station data Miller Freeman Continued.

A value of -9.0 indicates no temperature was taken.
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Table B-4 .--Station data for the chartered vessel Tomi Maru No. 51 during the
1988 bottom trawl survey.

a A value of -9.0 indicates no temperature was taken.
b This haul was not within an established strata.



1 9 5

Table B-5 .--Station data for the chartered vessel Pelagos during the 1988
midwater survey while fishing the Northern Gold 1200 rope trawl.

aHauls with a stratum of -9 were not used in the analysis due to bad performance,
being outside the standard area, or part of another experiment.

bA value of -9.0 indicates no temperature taken.



1 9 6

Table B-6 .---Station data for the chartered vessel Pelagos during the 1988
midwater survey while fishing the Marinovich trawl.

aHau1s with a stratum of -9 were not used in the analysis due to bad performance,
being outside the standard area, or part of another experiment.

bA value of -9 indicates no temperature taken.



197

APPENDIX C

Rank Order of Relative Abundance for Fish
and Invertebrate Species

Appendix C contains listings of all fish and invertebrate
species caught during the 1988 U.S. -Japan bottom trawl survey in
the eastern Bering Sea ranked in order of relative abundance.
Invertebrates other than squids, octopuses, and shrimps were not
identified during the Japanese survey of continental slope waters.
The rank order lists are based on at-sea identifications, and the
species groupings shown in Table 6 were not used in producing the
lists.

List of Tables
Table Page

C-l

C-2

C-3

Rank order of fish and invertebrate taxa by relative
abundance (kg/ha) from the 1988 U.S. bottom trawl survey
on the continental shelf................................ 198

Rank order of fish and invertebrate taxa by relative
abundance (kg/ha) from the 1988 U.S.-Japan bottom trawl
survey on the continental slope......................... 205

Rank order of fish and invertebrate taxa by relative
abundance (kg/ha) from the 1988 U.S. bottom trawl survey
of the continental shelf and the 1988 U.S.-Japan bottom
trawl survey of the continental slope combined.......... 209



Table C-l.-- Rank order of fish and invertebrate taxa by relative abundance (kg/ha) from the 1988 U.S. bottom trawl survey on
the continental shelf.



Table C-l .--(Cont.).





Table C-l .--(Cont.).



Table C-l .--(Cont.).





Table C-l .--(Cont.).



Teble C-2.--Rank order of fish and invertebrate taxa by relative abundance (kg/ha) from the 1988 U.S.-Japan bottom trawl survey on
the continental slope.



Table C-2.--(Cont.).



Table C-2.--(Cont.).



Table C-2.--(Cont.).



Table C-3.--Rank order of fish and invertebrate taxa by relative abundance (kg/ha) from the 1988 U.S. bottom trawl survey of the
continental shelf and the 1988 U.S.-Japan bottom trawl survey of the continental slope combined.



Table C-3 .--(Cont.).



Table C-3.--(Cont.).



Table C-3.--(Cont.).



Table C-3.--(Cont.).



Table C-3 .--(Cont.).



Table C-3.--(Cont.).



Table C-3 .--(Cont.).
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APPENDIX D

Abundance and Size Composition Estimates for Principal Species
of Fish, Shrimps, Squids, and Octopuses

Appendix D presents estimates of catch per unit effort (CPUE),

biomass, and population numbers and variances and confidence

intervals for the sampled population of principal species.

Confidence intervals include only sampling error and do not

incorporate effects of biases from other causes. The appendix also

contains population estimates by sex and centimeter length interval

for these species.

Definitions of headings that are not readily apparent are as

follows:

Stratum-- Subareas l-12 (see Fig. 3) were divided into

standard and high-density sampling stratum for

analytical purposes. Stratum included in each subarea

were as follows:

Sampling Sampling
Subarea Stratum density Subarea Stratum density

Subtotals show estimates for the overall subarea derived from

the sum of the estimates from the individual stratum.
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Abundance estimates are also summarized regionally as

shown by the following stratum codes: l00--North shelf, 200--standard

annual survey area, 300--North shelf and standard survey area

combined, 400--slope.

Area--Measured in square nautical miles.

Samples--Number of sampling units in the stratum. A sampling unit

is the mean path width of the trawl times a distance of

one nautical mile.

Mean WT KG--Mean weight of individual fish or invertebrates in

kilograms.

Method used--Code 1 indicates that all catch records had weights

and numbers for species, and code 3 indicates that

the weights and numbers available were used to

calculate mean weight per fish.

Biomass MT--Biomass estimates in metric tons.

L-F--Length frequency measurements.
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List of Tables

Tables D-l to D-24 present abundance estimtes from computer

analyses of the survey data for the species listed below. For each

species having complete data available, the tables are subdivided into

the following sections by strata, (b) biomass by strata, (c)

population numbers by strata, and (d) population numbers by sex and

centimeter length intervals for the overall survey area.

Table Page

D-l. Walleye pollock (bottom trawl survey)............... ....... 222
D-2. Walleye pollock (midwater trawl survey) ................... 227
D-3. Pacific cod ............................................... 232
D-4. Sablefish ................................................. 238
D-5. Pacific ocean perch ....................................... 242
D-6. Shortraker rockfish ....................................... 246
D-7. Rougheye rockfish ......................................... 249
D-8. Shortspine thornyhead ..................................... 251
D-9. Yellowfin sole ............................................ 256
D-lO. Rock sole................... ................................ 260
D-ll. Flathead sole......... .................................... 264
D-12. Alaskaplaice ............................................. 268
D-13. Greenlandturbot .......................................... 272
D-14. Arrowtooth flounder ....................................... 277
D-15. Pacific halibut ........................................... 282
D-16. Longhead dab .............................................. 288
D-17. Starry flounder ........................................... 292
D-18. Rex sole .................................................. 296
D-19. Pacific herring ........................................... 300
D-20. Giant grenadier ........................................... 303
D-21. Coryphaenoides spp ........................................ 305
D-22. Total shrimps ............................................. 307
D-23. Squids .................................................... 310
D-24. Octopuses ................................................. 313

 Section d of Table D-2 contains combined population number
estimates by centimeter length interval for walleye pollock from
both the bottom trawl and midwater survey.



Table D-l .--Walleye pollock (from bottom trawl survey). Section a, CPUE estimates by stratum.



Table D-l. --Walleye pollock (Cont.). Section b, biomass estimates by stratum.



Table D-l .--Walleye pollock (Cont). Section c, population number estimates by stratum.



Table D-l .--Walleye pollock (Cont.).
overall survey area.

Section d, population number estimates by sex and centimeter interval for the



Table D-l .--Walleye pollock (Cont.).
overall survey area.

Section d, population number estimates by sex and centimeter Length interval for the



Table D-2.-- Walleye pollock (from midwater survey). Section a, mean density estimates by stratum.

aThese areas represent the portion of the subarea in which pollock concentrations (>
represent density occurring within these areas.

bNumber of 1 minute echo integrator density outputs.

age 0) were observed in midwater. Density estimates (kg/ha)

'Includes only sampling error. Abundance estimates may be biased due to errors in target strength or calibration constant measurements.
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Table D-2. --Walleye pollock (Cont.). Section c, population number

estimates by centimeter length interval for the overall
midwater survey area.
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Table D-2. --Walleye pollock (Cont.). Section c, population number
estimates by centimeter length interval for the overall
midwater survey area.

*Age-specific population estimates were corrected to account for
age reading errors (see methods section); therefore, the total
population estimate differs from those given in tables showing
population estimates by age.
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Table D-2. --Walleye pollock (Cont.). Section d, population number
estimates by centimeter length interval for the overall
midwater and bottom trawl survey area.
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Table D-2. --Walleye pollock (Cont.) Section d, population number

estimates by centimeter length interval for the overall
midwater and bottom trawl survey area.

*Age-specific population estimates for the midwater data were
corrected to account for age reading errors (see methods section);
therefore, the total population estimate differs from those given
in tables showing population estimates by age.



Table D-3. --Pacific cod. Section a, CPUE estimates by subarea.





Table D-3. --Pacific cod (Cont). Section c, population number estimates by stratum.



Table D-3. --Pacific cod (Cont.). Section d, population number estimates by sex and centimeter length interval for the
overall survey area.



Table D-3. --Pacific cod (Cont.). Section d, population number estimates by sex and centimeter interval for the overall
survey area.



Table D-3. --Pacific cod (Cont.). Section d, population number estimates by sex and centimeter length interval for the
overall survey area.



Table D-4 .--Sablefish. Section a, CPUE estimates by stratum.



Table D-4. --Sablefish (Cont.). Section b, biomass estimated by stratum.



Table D-4.-- Sablefish (Cont). Section c, population number estimates by subarea.



Table D-4. --Sablefish (Cont.). Section d, population number estimates by sex and centimeter Length interval for the
overall survey area.



Table D-5.-- Pacific Ocean perch. Section a, CPUE estimates by stratum.



Table D-5.--Pacific Ocean perch (Cont). Section b, biomass estimates by stratum.



Table D-5 .=-Pacific Ocean perch (Cont). Section c, population number estimates by stratum.



Table D-5.-- Pacfic ocean perch (Cont.).
the overall survey.

Section d, population number estimates by sex and centimeter length interval for



Table D-6. --Shortraker rockfish. Section a, CPUE estimates by stratum.



Table D-6. --Shortraker rockfish (Cont.).
the overall survey area.

Section d, population number estimates by sex and centimeter length interval for



Table D-6.-- Shortraker rockfish (Cont.).
overall survey area.

Section d, population estimates by sex and centimeter length interval for the



Table D-7. --Rougheye rockfish. Section a, CPUE estimates by stratum.



Table D-7.-- Rougheye rockfish (Cont). Section d, population number estimates by sex and centimeter length interval for
the overall survey area.



Table D-8 .--Shortspine thornyhead. Section a, CPUE estimated by stratum.



Table D-8.--Shortspine thornyhead (Cont.). Section b, biomass estimates by stratum.



Table D-8 .--Shortspine thornyhead (Cont.). Section c, population number estimates by stratum.



Table D-8.-- Shortspine thornyhead (Cont.). Section d, population number estimates by sex and centimeter interval for the
overall survey area.



Table D-8.-- Shortspine thornyhead (Cont.).
overall survey area.

Section d, population number estimates by sex and centimeter interval for the



Table D-9.--Yellowfin sole. Section a, CPUE estimates by stratum.



Table D-9 .--Yellowfin sole (Cont.). Section b, biomass estimates by strewn.



Table D-9.-- Yelloufin sole (Cont.). Section c, population number estimates by stratum.



Table D-9.-- Yellowfin sole (Cont.) Section d, population number estimates by sex and centimeter length interval for
the overall survey area.



Table D-10. --Rock sole. Section a, CPUE estimates by stratum.



Table D-10. --Rock sole (Cont.). Section b, biomass estimate by stratum.



Table D-10. --Rock sole (Cont.). Section C, population number estimates by stratum.



Table D-10.-- Rock sole (Cont.). Section d, population number estimates by sex and centimeter length interval for the overall
survey area.



Table D-11 .--Flathead sole. Section a, CPUE estimates by stratum.



Table D-11 .--Flathead sole (Cont.). Section b, biomass estimates by stratum.



Table D-11 .--Flathead sole (Cont.). Section c, population number estimates by stratum.



Table D-11 .--Flathead sole (Cont.). Section d, population number estimates by sex and centimeter interval for the overall
survey area.





Table D-12 .--Alaska plaice (Cont.). Section b, biomass estimates by stratum.



Table D-12. --Alaska plaice (Cont.). Section c, population number estimates by stratum.



Table D-12 .--Alaska plaice (Cont.). Section d, population number estimates by sex and centimeter length interval for the
survey area.

overall



Table D-13 .--Greenland turbot. Section a, CPUE estimates by stratum.



Table D-13. --Greenland turbot (Cont.). Section b, biomass estimates by stratum.



Table D-13. --Greenland turbot (Cont.). Section c, population number estimates by stratum.



Table D-13.-- Greenland turbot (Cont.).
the overall survey area.

Section d, population number estimates by sex and centimeter length interval for



Table D-13 .--Greenland turbot (Cont.). Section d, population number estimates by sex and centimeter length interval for
the overall survey area.



Table D-14 .--Arrowtooth flounder. Section a, CPUE estimates by stratum.



Table D-14. --Arrowtooth flounder (Cont.). Section b, biomass estimates by stratum.



Table D-14 .--Arrowtooth flounder (Cont.). Section c, population number estimates by stratum.



Table D-14. --Arrowtooth flounder (Cont.). Section d, population number estimates by sex and centimeter length interval
for the overall survey area.



Table D-14 .--Arrowtooth flounder (Cont.).
for the overall survey area.

Section d, population number estimates by sex and centimerter Length inverval





Table D-15 .--Pacific halibut (Cont.). Section b, biomass estimates by stratum.



Table D-15. --Pacific halibut (Cont.). Section c, population number estimates by stratum.



Table D-15. --Pacific halibut (Cont.).
overall survey area.

Section d, population number estimates by sex and centimeter Length interval for the



Table D-15 .--Pacific halibut (Cont.).
the overall survey area.

Section d, population number estimates by sex and centimeter length interval for



Table D-15. --Pacific halibut (Cont.). Section d, population number estimates by sex and centimeter length interval for
the overall survey area.



Table D-16. --Longhead dab. Section a, CPUE estimates by stratum.



Table D-16.-- Longhead dab (Cont.). Section b, biomass estimates by stratum.



Table D-16. --Longhead dab (Cont.). Section c, population number estimates by stratum.



Table D-16.-- Longhead dab (Cont.).
overall survey area.

Section d, population number estimates by sex and centimeter length interval for the



Table D-17.-- Starry flounder. Section a, CPUE estimates by stratum.



Table D-17.-- Starry flounder (Cont.). Section b, biomass estimates by stratum.



Table D-17:. Starry flounder (Cont.). Section c, population number estimates by stratum.



Table D-17.-- Starry flounder (Cont.). Section d, population number estimates by sex and centimeter length interval for the
overall survey area.





Table D-18. --Rex sole (Cont.). Section b, biomass estimates by stratum.



Table D-18 .--Rex sole (Cont.). Section c, population number estimates by stratum.



Table D-18. --Rex Sole (Cont.). Section d, population number estimates by sex and centimter interval for the overall survey
area.



Table D-19.--Pacific herring. Section a, CPUE estimates by stratum.



Table O-19. --Pacific herring (Cont.). Section b, biomass estimates by stratum.



Table D-19.-- Pacific herring (Cont.). Section c, population number estimates by subarea.



Table D-20 .--Giant grenadier. Section a, CPUE estimates by stratum.



Table D-20.-- Giant grenadier (Cont.).
the overall survey area.

Section d, population number estimates by sex and centimeter length interval for



Table D-21 .--Coryphaenoides spp. Section a, CPUE by stratum.



Table D-21--Coryphaenoides spp. (Cont.). Section d, population number estimates by sex and centimeter length interval for
the overall survey area.







Table D-22 .--Total shrimps (Cont.). Section c, population number estimates by stratum.



Table D-23.--Squids. Section a, CPUE estimates by stratum.



Table D-23.-- Squids (Cont.). Section b, biomass estimates by stratum.



Table D-23 .--Squids (Cont.). Section c, population number estimates by stratum.



Table D-24.--Octopus. Section a, CPUE estimates by stratum.



Table D-24 .--Octopus (Cont). Section b, biomass estimates by stratum.



Table D-24 .--Octopus (Cont). Section c, population number estimates by stratum.
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APPENDIX E

Age-Length Keys for Principal Species of Fish

Appendix E presents age-length keys for principal species of

fish by sex and sexes combined for which age samples collected

during the 1988 bottom trawl survey have been read. Asterisks

denote fish lengths for which ages have been interpolated.
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Age-length keys for walleye pollock from age data
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bottom trawl survey................................. 318
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collected on the continental slope during the 1988
bottom trawl survey................................. 324

Age-length keys for Pacific cod from age data collected
during the 1988 bottom trawl survey................. 327

Age-length keys for yellowfin sole from age data
collected during the 1988 bottom trawl survey........ 334

Age-length keys for rock sole from age data collected
during the 1988 bottom trawl survey.................. 337

































Table E-3.--(Cont.).

Sexes combined key



Table E-4 .--Age-Length keys for yellowfin sole from age data collected during the 1988 bottom trawl survey.

Hale key







Table E-5 .--Age-length keys for rock sole from age data collected during the 1988 bottom trawl survey.

Male key
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APPENDIX F

Population Estimates by Age for Principal Species of Fish

Appendix F presents population estimates and mean lengths at
age by sex and for combined sexes of fish having age data available
from the 1988 bottom trawl and midwater acoustic trawl surveys.

Population estimates listed as "below minimum key length",
"above maximum key length", and "between key length" are for fish
lengths lacking age observations. Asterisks denote population
estimates for which interpolation was used to assign numbers to an
age for a fish length lacking age observations.
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Table F-l .--Population number estimates by age for walleye pollock derived from age (years) and
length data collected on the continental shelf during the 1988 bottom trawl survey.

Males



Table F-l.--(Cont.).

Females



Table F-l.--(Cont.).

Unsexed



Table F-l.--(Cont.).

Males, Females, and Unsexed



Table F-2 .--Population number estimates by age for walleye pollock derived from age (years) and
length data collected during the slope portion of the 1988 bottom trawl survey.

Males



Table F-2.--(Cont.).

Females



Table F-2.--(Cont.).

Unsexed



Table F-2.--(Cont.).

Males, Females, and Unsexed
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Table F-3. --Population number estimates by age for walleye pollock
from age and length data collected during the 1988
midwater trawl survey'.

Males, Females, and Unsexed

'Mean length by age are not presented in this table because of
ageing problems discussed in the methods section of this report.



Table F-4 .--Population number estimates by age for Pacific cod from age (years) and length data
collected during the 1988 bottom trawl survey.

Males



Table F-4.--(Cont.).

Females



Table F-4.--(Cont.).

Unsexed



Table.F-4 .--(Cont.).

Males, Females, and Unsexed



Table F-5 .--Population number estimates by age for yellowfin sole from age (years) and length
data collected during the 1988 bottom trawl survey.

Males



Table F-5 .--(Cont.).

Females



Table F-5 .--(Cont.).

Unsexed



Table F-5.--(Cont.).
Males, Females, and Unsexed



Table F-6 .--Population number estimates by age for rock sole from age (years) and length data
collected during the 1988 bottom trawl survey.

Males



Table F-6.--(Cont.).

Females



Table F-6.--(Cont.).

Unsexed



Table F-6.--(Cont.).

Males, Females, and Unsexed
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