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ABSTRACT

    Results from the winter 1995 echo integration-trawl survey of spawning walleye pollock

(Theragra chalcogramma) in the south&stem Aleutian Basin near Bogoslof Island are presented.

The survey, conducted in two passes between 26 February and 9 March, covered an area between

165° 51’W and 170° 27’W long., from the Aleutian chain north to between 53° 45’ N and 54° 40’ N

lat. Isolated pollock aggregations were encountered off the edge of the shelf north of Akutan

Island and over deep water northeast of Bogoslof Island. Extremely dense pollock aggregations

were observed along the north side of Umnak Island from 168° W to 169° 30’ W long. Pollock

vertical distribution ranged from 250 m to 750 m below the surface; their average depth was

higher in the water column during pass 2 than during pass 1. Sex composition in hauls ranged

from 8% to 94% female, averaging around 60% female. Evidence of vertical stratification by sex

showed males inhabiting lower depth layers than females. Little evidence of a “non-spawner”

component of the pollock biomass (as had been observed in 1993 and 1994) was observed, and

most female pollock were in a pre-spawning reproductive state. The spawning biomass estimate,

1 .l0 million metric tons (t), was more than twice the March 1994 estimate of 0.49 million t. This

large increase in the Bogoslof spawning population can be partially explained by strong

recruitment of pollock from the 1989 year class. However, population and biomass increases

also occurred across most of the age groups. Potential reasons for the population increase are

discussed.
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INTRODUCTION

Walleye pollock (Theragra chalcogramma) is a semi-demersal fish species inhabiting

much of the North Pacific Ocean that supports one of the largest single species fisheries in the

world; World-wide annual catches averaged 5.3 million metric tons (t) between 1978 and 1991

(FAO 1991) and were just under 5 million t in 1992 (FAO 1994). In the eastern Bring Sea,

where catches have averaged around 1.3 million t in recent years, the pollock fishery has evolved

over three decades from a completely non-U.S. fishery to an exclusively domestic fishery. In the

late 198Os, displaced foreign fleets initiated a new fishery in the central Aleutian Basin, known

as the “donut hole”, and a new U.S. fishery arose in the southeastern Aleutian Basin near

Bogoslof Island (Fig. 1, inset). In the early 199Os, declining catches in the donut hole and a drop

in biomass in the Bogoslof area prompted the North Pacific Fishery Management Council

(NPFMC) to restrict pollock catch to 1,000 t for bycatch only near Bogoslof Island and to

discourage U.S. vessels from targeting pollock in the donut hole. After 1991, there was no

directed domestic fishery for pollock in the Bogoslof region. In ,1991, six nations (Russia, the

United States, Japan, Republic of Korea, China and Poland) initiated discussions to establish a

Convention on the Conservation and Management of Living Marine Resources of the central

Bering Sea (referred to as the CBS Convention). They agreed to place a moratorium on fishing

in the donut hole from 1992 to 1995, pending ratification of the CBS Convention. Ratified in

December 1995, the CBS Convention outlined a three-step process for estimating the biomass of

Aleutian Basin pollock. The last step, an agreed “default” to be invoked only in the absence of

an agreement on a biomass estimate, was that the spawning pollock biomass in a “specific area”’

(referred to as the CBS area) near Bogoslof Island represented 60% of the basin-stock. Echo

integration-trawl (EIT) surveys have been conducted in the southeastern Aleutian Basin near

Bogoslof Island, including the CBS area, annually since 1988, with the exception of 1990, to
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determine the distribution, abundance and biological composition of spawning walleye pollock.

This report describes results from the pollock survey carried out 26 February-9 March 1995 and

compares them to results from previous years.

METHODS

Sampling Equipment

Acoustic data were collected with a Simrad EK500 quantitative echo-sounding system

 (Bodholt et al. 1989) on the NOAA ship Miller Freeman, a 66-m stem trawler equipped for’

fisheries and oceanographic research. Simrad 38 kHz and 120 kHz split-beam transducers were

mounted on the bottom of the vessel’s centerboard. With the centerboard fully extended, the

transducers were 9 m below the water’s surface. System electronics were housed in a portable

laboratory mounted on the vessel’s weather deck. Data from the Simrad EK500 echo

sounder/receiver were processed using Simrad BI500 echo integration and target strength data

analysis software (Foote et al. 1991) on a SUN workstation. Results presented in this report were

based on the 38 kHz data..

Midwater echo sign was sampled using a modified Northern Gold 1200 midwater rope

trawl (NET Systems, Inc.). The trawl was constructed with ropes in the forward section and

stretch mesh sizes ranging from 163 cm immediately behind the rope section to 8.9 cm in the

codend. It was fished in a bridleless configuration and was fitted with a 3.2 cm mesh codend

liner. Headrope and footrope lengths were 94.5 m and 50 m, respectively, and the breastlines

measured 79.4 m. The headrope length was measured between the points of attachment to the

breastline. The footrope length was measured between the points where the tom weights are

attached. The net was fished with 1.8 m x 2.7 m steel V-doors (1,000 kg) and 227 kg tom

weights on each side. Vertical net opening and depth were monitored with a Furuno wireless

netsounder system attached to the headrope of the trawl.
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Fish on and near bottom were sampled with a polyethylene Nor’eastern ,high-opening

bottom trawl equipped with roller gear. The trawl net had stretch mesh sizes that ranged from

13 cm forward to 8.9 cm in the codend. It was fitted with a 3.2 cm nylon codend liner. The

27.2 m headrope held 21 floats (30 cm diameter). A 24.7 m chain fishing line was attached to-a

24.9 m footrope made of 1 cm 6 x 19 wire rope wrapped with polypropylene rope. The roller

gear (24.2 m) consisted of 36 cm rubber bobbins spaced 1.5-2.1 m apart, with a solid string of

10 cm rubber disks separating some of the bobbins in the center section. Two 5.9 m wire rope

extensions with 10 and 20 cm rubber disks spanned the two lower flying wing sections and were

attached to the roller gear. The chain fishing line and roller gear were attached with chain

toggles (2.9 kg each) composed of five links and one ring. The trawl was rigged with triple

54.9 m galvanized wire rope dandylines and was fished with 1.8 m x 2.7 m steel V-doors

(1,000 kg). Vertical net opening and depth were monitored with a Furuno wireless net sounder

system attached to the headrope.

A Methot trawl and a bongo net were used to sample micronekton and macrozooplankton

at two sampling sites, respectively. The mouth of the Methot trawl was a square frame

measuring 2.27 m on each side. Mesh size was 2 mm x 3 mm in the main part of the net and

1 mm in the codend. A 1.83 m dihedral depressor modified from an Isaacs-Kidd midwater trawl

was used. The Methot trawl was attached to a single cable fed through a stem-mounted A-frame

and deployed off the stem ramp. Tow depth profiles were obtained by attaching a micro-

bathythermograph (microBT; a small, retrievable temperature: profiler) to the frame. The bongo

net system consisted of a 60 cm bongo frame with 333 pm mesh nets and a 40 kg lead weight

used as a depressor. It was deployed from the starboard winch. To monitor depth and

oceanographic conditions, a Seabird conductivity/temperature/depth (CTD) profiler was attached

to the wire about 0.6 m above the bongo frame.

Water temperature and salinity profile data were collected at trawl and calibration sites

with a Seabird CTD system. Additional temperature profile data were obtained by launching an

expendable bathythermograph (XBT) and by attaching microBTs to most trawls. Sea surface
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oceanographic data and environmental data were collected using the Miller Freeman’s Scientific

Collection System (SCS). Ocean current profile data were collected with an acoustic Doppler

current profiler system with a centerboard-mounted transducer.

Sampling Techniques

Two EIT survey passes were made through the main Bogoslof spawning area covering a

total of 1,782 nauticalmiles (nmi) of transects. Pass 1, completed between 26 February and

4 March, consisted of north-south transects beginning at 165° 5 1’W long. westward to 170° 27’W

long. (Fig. 1): Transect spacing at the eastern and western ends of the survey area was 10 nmi.

In the central survey area where pollock  densities were higher, transect spacing was decreased to

5 nmi. Southern transect endpoints were at about 100 m bottom depth on the Aleutian shelf.

 Northern transect endpoints were similar to those on previous winter surveys in the Bogoslof

region, between 53° 45’ N and 54° 40’ N lat., except for transect 17 which ended farther south.

Because Domestic Observer Program data2 indicated that a substantial amount of pollock fishing

had occurred in early March 1994 at around 170° W long., the 1995 survey area was extended

farther west than in previous years. Pass 2, completed between March 5-8, consisted of parallel

north-south transects at 5 nmi spacing from 169° 32’ W long. (west of fish sign observed during

pass 1) eastward to about 167° 38’ W long. (Fig. 2). The southern ends of pass 2 transects were

similar to those from pass 1; northern ends were shifted slightly to the south to focus effort in the

area of highest pollock concentration.

Echo integration data were collected continuously, day and night, at vessel speeds

ranging between 7 and 12 knots, depending upon weather conditions. After being properly

scaled, these data were used to provide estimates of pollock density.

2 M. Guttormsen, Alaska Fisheries Science Center, NMFS, NOAA, 7600 Sand Point Way NE, Seattle WA 98115,
pers. commun., November 1994.
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Midwater trawl hauls were made at selected locations to identify echo sign and provide

biological samples used to scale the echo integration data. Trawling speed averaged about

3 knots. Vertical opening for the midwater rope trawl averaged about 23 m. For each haul,

standard catch sorting and enumeration procedures similar to those described in Wakabayashi et

al. (1985) were used to provide total weights and numbers of individuals by species. Pollock

were further sampled to determine sex, length (fork length measurement was used in all cases),

body weight, age, maturity, and ovary weight. An electronic scale was used to determine

individual pollock body weights, and lengths were determined to the nearest centimeter with a

Polycorder measuring device (a combination of a bar code reader and a hand-held computer).

Maturity stages on a scale from 1 to 5 (immature, developing, pre-spawning, spawning and post-

spawning, respectively) were assigned from visual inspection of gonad tissue. Gonadosomatic

indices (GSIs) were computed for pre-spawning female pollock. GSI was defined as the ratio of

ovary weight to total body weight. Ovary tissue samples were collected from mature (pre-

spawning) females and preserved in Gilson's solution for fecundity studies. Pollock stomachs

were collected and preserved in formalin for food habits studies.

Four standard sphere calibrations were conducted in conjunction with this survey (Table

1). Two occurred before the cruise began on January 26 in Port Susan, Washington, and on

February 13 in Ugak Bay, Kodiak Island, Alaska, and two after the cruise on March 8, in Skan

Bay, and on April 13, in Anderson Bay, Unalaska Island, Alaska. No significant differences in

the 38 kHz acoustic system parameters were observed between the four calibrations. The

120 kHz transducer experienced some acoustic parameter changes between the first, second, and

third calibrations. The SV (scattering volume) gain for the 120 kHz dropped from 25.1 to

24.2 dB, and the TS (target strength) gain dropped from 25.0 to 24.2 dB (Table 1). Between the

third and fourth calibration TS and SV gain remained the same.
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Data Analysis

Absolute estimates of pollock abundance were derived by combining information from

acoustic and trawl data. Echo integration data with a horizontal resolution of about 9 m (at

12 knots ship speed) and a vertical resolution of 1-2 m from the transducer to 0.5 m off bottom,

or the lowest extent of fish sign, were examined for-pollock echo sign and stored at a SV

threshold of -69 decibels (dB). Estimates of pollock backscattering strength in the area

represented by each transect were generated. These values were then summed and scaled with a

previously derived relationship between target strength and fish length (TS = 20 Log FL - 66;

Foote and Traynor 1988) to estimate the numbers and weight of pollock for each length and age

category using pollock size compositions, a length-weight relationship, and an age-length key all

derived from trawl catch information.

Weighted mean depth of the pollock echo sign was computed for each 0.5 nmi of transect

by multiplying the midpoint depth for each 20-m depth channel by the pollock density for that

channel, then summing the weighted depths and dividing by total density. A weighted mean for

each transect was obtained by multiplying the mean for each 0.5 nmi segment by density in that

segment, summing all segments in each transect, then dividing by total transect density.

Echo integration data were classified by echo sign characteristics, geographic location,

length composition in the hauls, and bottom depth (Pig. 3). Pollock aggregations observed

during pass 1 along transects 1-6, described by hauls 1-3, were classified as the “east” portion of

the spawning population. Pollock found near the Aleutian chain and northward along transects

7-17 (pass 1) and 19-32 (pass 2) over bottom depths shallower than about 1,000 m (hauls 5-7, 9,

10, 12, 14, 18, and 19) were categorized as the “slope” group. Pollock observed along transects

7-17 and 19-32 north of the 1,000 m contour were classified as “basin” (hauls 4, 11, 15-17).

There were no pass 2 transects in the “east” region. On a few occasions, aggregations in the

“slope” area extended over water depths deeper than the 1,000 m contour. This classification
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scheme differed from that used in 1994 (Honkalehto and Williamson 1995) because in 1995

there was no significant “non-spawner” component of the population.

In order to properly scale the echo integration data, separate male and female size

compositions were derived for each analytical area (east, slope, and basin). For each area and

sex, length data from trawl hauls in that area were weighted by sample numbers in the haul as

follows. Using hauls 1,2, and 3 from the “east” area of pass 1 as an example:

where

mi = number of male lengths in haul i,

n i = total number of lengths in haul i,

    ,= proportional male size composition (vector) for haul i, and

  = weighted male size composition (vector).

The same procedure was repeated for females, resulting in six initial size compositions.

Trawl sampling of spawning pollock in the Bogoslof region does not produce a

representative sample sex ratio because of the high degree of aggregation and vertical

stratification by sex (Honkalehto and Williamson 1995). The sex ratio affects size composition

because at any given age, males are usually smaller than females. During spawning, males often

form deeper layers in the water column than females, and thus are-often underrepresented in



Bogoslof area trawls. In winter 1995, more females than males were captured during the survey.

However, it is not thought that there were more females than males in the Bogoslof population.

Yoshimura (1992) and Chinese scientists (Anon. 1993) reported finding a higher percentage of

males in central-eastern Aleutian Basin surveys conducted in the summers of 1988 and 1993,

respectively. Korean data from a summer 1994 Aleutian Basin survey also showed a higher

percentage of males (Anon. 1995). To correct our 1995 winter trawl data for potential sampling

limitations, a 50:50 sex ratio was assumed. Thus the six male and female weighted size

compositions, initially derived separately (above), were averaged into three combined size

compositions, one for each area, to scale the pollock, echo integration data into population

numbers at length.

Collection of individual pollock for maturity, weight, and age information was stratified

by sex in order to obtain comparable samples for scaling the echo integration data. A length-

weight regression equation for males and females combined was obtained by minimizing the sum

of squares to solve for a and b in the equation W = aLb using an iterative non-linear least squares

approach. To generate an age-length key for the population assuming a 50:50 male:female sex

ratio, we first created separate age-length keys for males and females. In the key with fewer

samples (the male key), numbers of males were weighted to match the total number of samples

in the female key. The male and female keys were added together. The resultant age-length key

and length-weight regression equations were applied to the population numbers at length data to

generate population numbers at age and biomass at age and length.

Due to different domestic and international requirements for defining the Bogoslof area

pollock spawning stock, the acoustic data were analyzed in five ways (Fig. 4). Pass 1 (transects

1-17) spanned the entire geographic area covered during the survey. The areas covered by pass 2

(transects 19-32) and the CBS area are both subsets of the total pass 1 area. First, biomass

estimates were made for passes 1 and 2. Next, pollock biomass occurring within the CBS area

was estimated for pass 1 by excluding pass 1 transects that fell outside of the CBS area.

Estimates also were made for pass 2 expanded to the CBS area, and for pass 2 expanded to cover
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the same area as pass 1 by combining pass 2 data with the portion of pass 1 not surveyed in pass

2. Expansion of pass 2 using pass 1 information assumed little or no migration between the outer

areas covered by pass 1 and the smaller pass 2 area. The assumption was supported by data from

previous Bogoslof EIT surveys in which concentrations of pollock observed north of Bogoslof

Island on the first pass through the area were encountered again during the second pass in

approximately the same location. Trawl haul data from passes 1 and 2 were combined with

acoustic data to estimate each of the biomasses. Preliminary confidence intervals (CI) were

estimated using a one-dimensional geostatistical technique first proposed by Petitgas (1993) and

as applied by Williamson and Traynor (1996).

RESULTS

Biological and Oceanographic Results

Biological data were collected and specimen and tissue samples preserved from catches

of 17 midwater rope trawls, one bottom trawl, one Methot trawl, and one bongo net tow (Figs. 5

and 6, Tables 2 and 3). Pollock dominated the midwater and bottom trawl catches in both weight

and numbers (Tables 4 and 5). Numerous lantemfish (Myctophidae) and northern

smoothtongues (Leuroelossus  schmidti) were also captured.                                                                                      Euphausiids and a Pacific lamprey

accounted for most of the Methot trawl catch by weight (Table 6). For midwater trawls, the

number of biological samples for pollock length varied between 97 and 490, while the number of

samples of pollock weights, otoliths and maturity characteristics ranged between 58 and 107

(Table 7):

Pollock caught during the survey had fork lengths ranging from 10 to 68 cm, with the

majority between 40 and 60 cm (Fig. 7). With the exception of several young pollock estimated

to be age 1 s, no pollock with lengths less than 34 cm were encountered. Pollock in the “east”

region had shorter average lengths than those in other areas, and a modal length of 44 cm.
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Pollock from the “basin” area had a length distribution that peaked at 54 cm. “Slope” area

pollock comprised most of the Bogoslof population. Their length distribution had a dominant

mode at 54 cm,-and weaker modes at 46 cm and 42 cm. Length-weight regression analysis

estimated values for the equation W = aLb as

a b n

male

female

sexes combined3

The sex ratio by haul from all 17 midwater rope trawls ranged from 8% to 94% female

and averaged around 60% female. During previous Bogoslof area surveys4, observations from

paired midwater tows on shallow and deep echo sign layers have shown that the proportion of

males captured is higher in deeper layers, implying that vertical stratification by sex occurs. The

1995 midwater trawl data again indicate that male pollock usually inhabit deeper layers in the

water column than females. The three deepest rope trawls (haul 3 at 497 m, haul 15 at 545 m,

and haul 12 at 722 m) caught 83%, 75%, and 92% males, respectively.

Maturity composition for female pollock 38 cm to 68 cm in length indicated that 5% were

in a developing stage and not expected to spawn soon, 80% were in a pre-spawning stage, 8%

were actively spawning, and 7% were post-spawning (Fig. 8). Twenty of the 27 developing

stage females (and 18 of 22 developing stage males) encountered during passes 1 and 2 were

caught in haul 1. The mean GSI for pre-spawning females was 0.19 (Fig. 9).

3 Length-weight regression parameters used in these analyses.

4 N. Williamson, Alaska Fisheries Science Center, NMFS, NOAA, 7600 Sand Point Way NE, Seattle WA 98 115,
unpublished cruise reports MF93- 1, MF94-2, September 1994.
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Mean length at age differed between the sexes (Fig. 10). For ages 5 and older, female

pollock were 1arger than males. Growth slowed at about age 9, and the female-male size

difference remained relatively constant at about 3 cm.

Oceanographic data were collected from 16 CTD casts, 1 XBT cast, and 18 microBT

casts (Tables 8-10). Temperature and salinity profiles showed a fairly well-mixed water column.’

Temperaturesranged between 2.5° and 4.0° C from 0 to 700 m indepth (Fig. 11). Near-surface

water (0-100 m) was a little cooler (2.7° C) on the eastern Bering Sea shelf side of the survey

area, and a little warmer (4° C) on the western (Aleutian Basin) side. Salinity increased with

depth from about 32.5 ppt at the surface to 34 ppt at depths below 500 m.

Pollock Distribution and Abundance

Pollock echo sign was observed throughout most of the survey area, but its distribution

was patchy and fluctuated widely in density (Figs. 1 and 2). The first six transects of pass 1 (the

“east” analytical area) included some isolated high-density aggregations off the edge of the shelf

north of Akutan Island. Most of the pollock in this area formed low-density layers contiguous

with the bottom. Along transects l-2 where bottom depths were less than 1,000 m, echo sign

was characterized by a 150-200 m thick layer located near bottom, usually at around 400-600 m.

Transects 3 and 4 had thin pollock layers at the north end that gradually thickened towards the

south until they formed one or two layers, at around 500 m and 200 m, near the Aleutian Islands

shelf. Transects 5 and 6  had relatively thin pollock layers at 400-500 m. The first “typical”

Bogoslof echo sign--thick, dense sign between 300 and 500 m depth--occurred mid-way along

transects 7.5 and 8, over deep water northeast of Bogoslof Island. From transect 9 westward,

pollock aggregations often consisted of dense schools at 200-300 m, with horizontal layers

between 300 and 600 m near the shelf break, and extended northward at depths between 300 and

500 m along the north side of Umnak Island from 168° W long. to 169° 30’ W long. (“slope”

analytical area, Figs. 1 and 2). The largest aggregations, along transects 11.5, 12, and 12.5, over
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bottom depths ranging from 500 to 900 m, were west of where the largest aggregations had been

observed in previous years. Pollock observed well beyond the shelf break over depths greater

than 1,000 m (“basin” analytical area) had patchy distributions both horizontally and vertically

compared with pollock echo sign from the other two areas. They formed aggregations at depths

anywhere between 200 and 500 m. At transect 13.0, pollock sign became more diffuse, and by

transect 15.0 only weak traces of echo sign remained.

Pollock distribution during pass 2 was similar to that from pass 1, but the largest pollock

aggregations appeared farther west (transects 19 and 20 , Fig. 2), and were more concentrated

than they were in pass 1. In addition, some of the pollock sign that had appeared along the north

side of Umnak (transects 9 through 12.5, Fig. 1) had diminished; and more was distributed in the

central part of the survey area along the north ends of transects 22 - 25 (Fig. 2).

Vertical distribution of pollock echo sign ranged from 250 m to 750 m below the surface.

Pollock depth was positively correlated with bottom depths shallower than 500 m (Fig. 12). At

bottom depths greater than 500 m, the pollock remained at 400-500 m regardless of bottom

depth. Comparing the average pollock depth for each transect from two passes in 1995 revealed

similar trends, from east to west across the survey area (Fig. 13). For transects between 169° W

and 169° 30’ W long., pollock layers were deeper than in other parts of the survey area. The

vertical distribution of pollock biomass (Fig. 14) was bimodal during pass 1, with peak depths at

around 290 m and 410 m. During pass 2 the vertical biomass profile was composed of a much

more pronounced peak at 290 m, with a smaller secondary mode at around 530 m, indicating that

some of the spawning population had moved up in the water column during the survey period.

Five different estimates were made to describe biomass and numbers of pollock in the

Bogoslof Island region (Table 11, Fig. 4). Assuming that the fish surveyed were all part of the 

Bogoslof spawning aggregation, evidenced by very few observations of “non-spawners”, and that

they did not migrate substantially during the time period between completion of passes 1 and 2,

the best estimate for the entire area, averaging estimates 1 and 5 (Table 1 1), is 1.10 million t. An
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average biomass from estimates 3 and 4 for the CBS area, a subset of the entire area surveyed, is

1.02 million t.

The estimated 1.10 million t of pollock was distributed among three analytical areas, each

with pollock of different length characteristics inhabiting different bottom depth regimes, as

discussed previously (Figs. 3 and 7). Pollock biomass in the “east” area was 96 thousand t and

the population numbered 127 million fish. In the “basin” area, the estimated pollock biomass

was 163 thousand t and numbered 142 million fish, Most of the pollock echo sign was

distributed in the “slope” area, with an estimated biomass of 845 thousand t, numbering

811 million fish.

Population and biomass at age results from survey year 1995 (Tables 12 and 13, Figs. 15

and 16) indicated that the 1989 year class was the most abundant of the Bogoslof area spawning

population. The 1978 year class also contributed significantly. Pollock from the relatively

strong 1982 and 1984 year classes were still evident, and the 1990 year class continued to recruit

to the population.

DISCUSSION

From 1988 to 1994, the biomass of walleye pollock spawning in late February-early

March over deep waters of the southeastern Aleutian Basin near Bogoslof Island declined (Fig.

17). Average length increased steadily from 47 to 51 cm through 1993 as the population,

dominated by the 1978 year class, aged. In 1994, with an influx of smaller 1989 year class fish

and continued growth and mortality of older age groups, the average length stayed about 51 cm,

but the population length frequency was bimodal for the first time since the Bogoslof area EIT

surveys had begun (Figs. 18 and 19).

In winter 1995, many more pollock were present in the Bogoslof spawning grounds and

the biomass estimate was double that estimated in 1994 (Fig. 17). Average length of the



population remained the same as 1993-94, around 5 1 cm, and the length range was similar.

Recruitment of 1989 year class fish, noticeable as a length mode at around 46 cm, continued in

1995 and the population length frequency remained bimodal (Figs. 18 and 19). Although a few

10-14 cm fish wereencountered, none in the 15-33 cm length range were captured. Bogoslof

area population and biomass at length since 1988 indicate that very few fish less than 34 cm have

been observed over these survey years (Tables 14 and 15). This is consistent with observations

that few young pollock are found in the Aleutian Basin. In contrast, most age groups can be

observed on the Bering Sea shelf throughout the year.

Ageing older pollock is difficult, and problems in assigning correct ages throughout the

survey years could bias the historical age composition of the Bogoslof population. Trends in the

major pollock year classes-- 1978, 1982, 1984--can be traced fairly reliably from 1988 to 1991

and in 1993 (Tables 12 and 13, Figs. 15 and 16). However, in survey years 1992 and 1994, some

blurring of strong year classes occurred. The age distribution of Bogoslof pollock in 1995

indicates that the 1989 year class contributed the most fish in numbers to the population,

followed by nearly equal contributions from the 1978 and 1988 year classes. The 1988 year

class was not thought to be strong, and age readers reported some difficulty with the ageing of

age 6 (1989) and 7 (1988) fish.

Maturity composition of female pollock observed in 1995 indicated that most were in a

pre-spawning stage (Fig. 8). The relative proportion of pre-spawning stage female pollock and

average GSI were very similar to those observed in winter 1994 (Honkalehto and Williamson

1995), suggesting that survey timing relative to peak spawning was about the same in the two

survey years. Evidence from previous EIT surveys in the Bogoslof region has shown female

maturity stages to be a good indicator of timing of major spawning activity (Teshima et al.

1991). In 1994, although many 1989 year class fish had recruited to the population, some "non-

spawners”, defined as pollock in developing maturity stages, were present east of the main

spawning population. Based on historical recruitment patterns, it was speculated that the “non-

spawners” would continue to recruit to the Bogoslof area as-spawners in 1995. This appeared to
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have occurred, as the numbers of mature 1989 year class pollock increased in 1995, and

aggregations of “non-spawners” were no longer evident. Only 49 developing stage pollock were

caught, 38 of which were from a single haul in the eastern-most portion of the survey area.

Bogoslof EIT surveys conducted each year since 1988 (except 1990) have provided direct

information on a portion of the Aleutian Basin pollock stock. There is no direct estimate of the

total Aleutian Basin stock, and the proportion that spawns in the Bogoslof area is not known.

The doubling of Bogoslof pollock biomass between 1994 and 1995 intensified discussion in the

NPFMC about the potential of reopening pollock fisheries within U.S. waters near Bogoslof

Island. It also fueled discussion among delegates to the 1995 CBS Convention about the

relationship, if any, between an increase in biomass of Bogoslof pollock and an increase of

pollock biomass in the donut hole. These results were obtained with methods identical to those

 in all previous Bogoslof EIT surveys, but because of the estimated stock increases, they attracted

more attention and scrutiny than in the past. In order to elucidate and discuss any potential

sources of error, attention was focussed on several factors influencing both the point estimate of

biomass and the shapes of the population length and age distributions. These are discussed in

ensuing paragraphs.

The 1995 biomass increase can be partially explained by continued recruitment of the

1989 year class, and to a lesser extent by the 1988 and 1990 year classes. Trends in recruitment

to the spawning population for dominant year classes suggest that the 1989 year class was of

similar magnitude at age 6 to the 1982 year class at the same age (Fig. 20). Historically,

recruitment has increased each year up through about age 7 and then declined. However, much

of the increase in the Bogoslof biomass estimate in 1995 was due to increases in age 7 and older

“fully recruited” year classes (Fig. 21).

There was no reason for concern about trawl sampling errors in 1995, but because of

increased interest in the Bogoslof spawning population, their potential effects on biomass

estimation were investigated. More effort was allocated towards trawl sampling in 1995 than in
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recent survey years. As described previously, sampling to determine size composition in the

Bogoslof region can be difficult. The Bogoslof spawning population is composed of fish

aggregations characterized by extensive, dense, vertical structure and patchy horizontal

distribution throughout the survey area. When a dense aggregation is encountered, it is difficult

to trawl through the center without catching excessive quantities of fish. Large catches are

difficult to subsample properly on deck to obtain a representative sample. These sampling

conditions could lead to error in representing the length composition of the population. Since

length composition data are used to scale the acoustic data (through the TS-length equation), an

error in the length composition would introduce an error in the biomass estimate. Additionally,

the population age distribution would be in error because it is derived from an age-length key and

the length composition data. For example, if we assumed that the younger, recruiting year

classes were under-represented in the length composition data, the average length of pollock in

the population would approach the modal length (46 cm) of the 1989 year class rather than 51 cm

as reported in this document. The estimated age distribution would change. Numbers of

recruiting fish would increase and numbers of older fish from fully recruited year classes would

decrease, resulting in a younger age composition more comparable with that observed in 1994.

However, biomass estimation under these conditions is relatively robust; this hypothetical

reduction in mean length would result in only a 12% reduction of total biomass; 1 .l0 million t

reduced to 0.97 million t.

Confidence intervals were estimated for 1995 and 1994 data using a one-dimensional

geostatistical technique (Petitgas 1993) to determine whether acoustic sampling variability could

have accounted for the apparent biomass increase. The applicability of this variance estimation

technique to echo integration surveys is currently being evaluated (Williamson and Traynor

1996). The 95% confidence intervals were 0.86 to 1.34 million t for 1995 and 0.38 to 0.60 for

1994. Since the confidence intervals do not overlap, the two point estimates of biomass are

significantly different. Thus acoustic sampling variability does not appear to account for the

entire difference between the two estimates.
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Migration of greater numbers of older fish into the survey area in 1995 could also explain

the observed population increase from 1994. Oceanographic evidence indicated that during

winter 1994-95, ice on the eastern Bering Sea shelf advanced more rapidly and farther south than

in the previous 20 years. Adult pollock tend to avoid inner-shelf waters during spring after

heavy ice years, concentrating in the outer domains of the shelf (Wyllie-Echeverria 1995).

Perhaps migration of older adults to the basin was prompted by suboptimal conditions in the

physical oceanographic environment on the shelf. It is also possible that proportionately more

Aleutian Basin fish migrated into the area to spawn in 1995 compared to previous years.

However, there is no direct evidence available to support or refute either of these hypotheses.

In summary, the Bogoslof spawning pollock population doubled in biomass in 1995

, compared with its level in 1994. Survey timing was identical to previous years and trawling

effort was higher. Several sources of population increase and potential sources of error were

investigated. The conclusions were that increased recruitment of younger fish from the 1989

year class contributed to the biomass increase, and that migration of older pollock from either the

Aleutian Basin or adjacent shelf may also have occurred. Acoustic sampling variability alone is

not responsible for the difference in biomass. Trawl sampling error could have influenced the

biomass estimate, but would not have changed it more than about 12% in the most extreme case.

However, trawl sampling error may explain some of the apparent increases among older age

g r o u p s .
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Table 1. Summary of sphere calibrations conducted before and after the 1995 echo integration-trawl survey of the

southeastern Aleutian Basin near Bogoslof Island.

* The transducer is located approximately 9 m below the water surface.

Note: Gain and beam pattern terms are defined in the “Operator Manual for Simrad EK500 Scientific Echo
Sounder (1993)” available from Simrad Subsea A/S , Standpromenaden 50, P.O. Box 111 N-3191 Horten, Norway.



Table 2. Summary of trawl stations and catch data from the 1995 pollock echo integration-trawl survey of the
southeastern Aleutian Basin near Bogoslof Island.

l R indicates rope trawl, M indicates Methot trawl, and B indicates bottom trawl.

Table 3. Bongo net tow station from the 1995 pollock echo integration-trawl survey of the
southeastern Aleutian Basin near Bogoslof Island.



Table 4. Summary of catch by species in 17 midwater rope trawls during the 1995 echo Integration-trawl survey of the
southeastern Aleutian Basin near Bogoslof island.



Table 5. Summary of catch by species in one bottom trawl during the 1995 echo integration-trawl survey of the
southeastern Aleutian Basin near Bogoslof island.

Table 6. Summary of catch by species in one Methot trawl during the 1995 echo integration-trawl survey of the
southeastern Aleutian Basin near Bogoslof Island.



Table 7. Summary of biological samples and measurements collected during the winter 1995 echo integration-

trawl survey of the southeastern Aleutian Basin near Bogoslof Island.



l Pacific Marine Environmental Laboratory (PMEL) casts taken in Amukta Pass , Alaska.

Table 9. Expendable bathythermograph (XBT) cast taken during the winter 1995 echo
integration-trawl survey of the southeastern Aleutian Basin near Bogoslof Island.



Table 10. Summary of micro-bathythermograph casts conducted during the winter 1995 echo integration-trawl survey

of the southeastern Aleutian Basin near Bogoslof Island.

Cast 8, 15, and 18 were unsuccessful.
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Table 11. Biomass and, numbers of pollock for five different estimates of the spawning aggregations
near Bogoslof Island from the 1995 echo integration-trawl survey.
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Table 12. Bogoslof spawning pollock population estimates (millions of fish) from February-
March echo integration-trawl surveys. No survey was conducted in 1990. Numbers for
1991-1995 were reanalyzed and may vary slightly from those in previous reports.
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 Table 13. Bogoslof spawning pollock biomass estimates (metric tons) from February-
March echo integration-trawl surveys. No survey was conducted in 1990. Numbers for
1991-1695 have been reanalyzed and may vary slightly from those in previous reports.

a



Table 14. Population at length estimates (millions of fish) from February-March echo integration-
trawl surveys of spawning pollock in the Bogoslof Island area. No survey was conducted in 1990.
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Table 15. Biomass at length estimates (metric tons) from February-March echo integration-trawl
surveys of spawning pollock in the Bogoslof Island area. No survey was conducted in 1990.



3 6

Table 15. continued.

a



Figure 1 Relative pollock density along trackline from pass 1 of the winter

1995 echo integration-trawl survey of the southeastern Aleutian Basin

near Bogoslof Island. Transect numbers are indicated.
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Figure 4. Schematic aerial view of 5 biomass estimates of Bogoslof area pollock. Estimate 1 =
pass 1, estimate 2=pass 2, estimate 3= pass1 bounded by the CBS area (“specific area” of the
Central Bering Sea convention), estimate 4= pass 2 expanded to the total area of pass 1 and
bounded by the CBS area, and estimate 5= pass 2 expanded to the total area of pass 1.

a



Longitude (W)

Figure 5. Rope trawl and Methot trawl locations during pass 1 of the winter
1995 echo integration-trawl survey of the southeastern Aleutian Basin
near Bogoslof Island. Cruise trackline is indicated.
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Figure 12. Weighted echo sign depth versus bottom depth for 0.5 nmi transect segments from the
“east” analytical area during pass 1 of the Bogoslof island echo integration-trawl survey. Points

   were plotted for relative pollock densities greater than 25 SA .



Figure 13. Weighted echo sign depth and relative pollock density along transects from passes 1 and 2 of the winter 1995
echo integration-trawl survey near Bogoslof Island.
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Age (years)

Figure 15. Population-at-age estimates obtained during echo integration-trawl surveys of
spawning walleye pollock near Bogoslof Island in winter 1988-89,1991-95. Major year classes
are indicated. No survey was conducted in 1990. Note y-axis scale differences.
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Thousand tons of fish

Age (years)

Figure 16. Biomass-at-age estimates obtained during echo integration-trawl surveys of spawning
walleye pollock near Bogoslof Island in winter 1988-89,1991-95. Major year classes are
indicated. No survey was conducted in 1990. Note y-axis scale differences.
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Millions of Fish

Length (cm)

Figure 18. Population-at-length estimates obtained during echo integration-trawl surveys of
spawning walleye pollock near Bogoslof Island in winter 1988-95. Note y-axis scale
differences. No survey was conducted in 1990.
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Thousand tons of Fish

Figure 19. Biomass-at-length estimates obtained during echo integration-trawl surveys of
spawning walleye pollock near Bogoslof Island in winter 1988-95. Note y-axis scale
differences. No survey was conducted in 1990.





Year class

Figure 21. Population numbers and biomass for pollock year classes
encountered during the 1994 and 1995 echo integration-trawl surveys of
the Bogoslof Island region.
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