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Average Density Index for Walleye Pollock,

Theragra chalcogramma, in the Bering Sea

LOH-LEE LOW' and IKUO IKEDA'

ABSTRACT

The data base and an average density index (ADD procedure for assessing walleye pollock.

Theragra chalcogramma. abundance in the eastern Bering Sea were evaluated. The data base con-

sisted of daily catch-effort records of individual fishing vessels in the Japanese groundfish fishery from

1%4 to 1976. Variances about the annual mean catch, effort, and catch per unit effort (CPUE) data

were low. Coefficient of variation of annual CPUE data was in the \-2% range for the data base after

1%9 but higher in earlier years when the number of fishing records was lower. An ADI procedure is de-

scribed which takes into consideration different types of vessels used in the fishery, species mix in the

catch, distribution uf pulhuk. and fishing pattern of the fieel. Data from five vessel class-gear types

that fished mainly for pollock were selected to compute ADIs in four area-time cells. An overall ADI
within these cells was determined, summarizing the results by vessel class-gear types and area-time

cells. From l%4 to the early IHTDs, overall ADI and CPUE trends increased as a result of increased pol-

lock abundance and fishing power of vessels. For 2-.'J years during the early 1970s, abundances of pol-

lock were at peak levels. Beginning in 1972, abundance declined but stabilized during 1975-78 at an

intermediate level when 1.1 million metric tons of walleye pollock were harvested annually.

INTRODUCTION

Catch-eflort data from commercial fisheries can be

very useful for monitoring abundance of fish stocks. The
concept for its use is simple: if conditions of fishing and

vulnerability of the stock to fishing remain fairly con-

stant, the amount of catch for a standard unit of fishing

effort, catch per unit effort (CPUE), should reflect abun-

dance of the stock under exploitation (FAO f976).

However, conditions of the fishery and dynamics of the

stock (and therefore its vulnerability to fishing) fre-

quently change, complicating the use of CPUE. These

chan'ges and the quality of data are variables that may
invalidate the use ot CPUE for measuring stock abun-

dance. It is, therefore, of great importance to collect and

analyze catch-effort data carefully so that these and

other factors do not bias indices of abundance.

In the eastern Bering Sea, catch-effort data from the

Japanese trawl fishery have been the most consistent and

important source of information for assessing

walleye pollock, Theragra chalcogramma, abundance.

Since 1964, these data have been collected in a detailed

and systematic manner. From this data base, CPUE
computations to assess abundance of the pollock

resource have been made over several years and results

reported in documents submitted to the International

North Pacific Fisheries Commission (INPFC).

At the 1974 annual meeting of the INPFC, Japanese

scientists presented an extension of the CPUE index

used by U.S. scientists as a measure of pollock abun-

dance termed an average density index (ADI). This ADI
procedure involved some selection of pair trawl catch-

effort data from the data base for its computations.

Because the Japanese trawl fishery used various vessel-

gear combinations and took a variety of species, there

was some difficulty in data selection for deriving un-

biased measures of pollock abundance. In addition, there

was a need to evaluate whether the fundamental data is

representative of all data collected since not all daily

catch-effort records were incorporated into the data base

used to derive ADI values. To resolve these questions, the

Committee on Biology and Research of INPFC es-

tablished a working group to evaluate the data and the

ADI procedure for assessing pollock abundance. This

paper reports on results of the working group's study on

the bias and variability of catch-effort data and the stan-

dardization of ADIs as a measure of pollock abundance.

THE WALLEYE.POLLOCK FISHERY

Walleye pollock is of the family Gadidae and is dis-

tributed throughout the North Pacific. Its life span is

about 15 yr, but 2-6 yr olds are the major ages exploited

by the fishery. This age range corresponds to fish weigh-

ing 91 g (24 cm fork length) and 817 g (49 cm fork length).

Pollock is by far the most abundant demersal fish in the

eastern Bering Sea (Pereyra et al. 1976)^ and has been

'Northwest and Alaska Fisheries Center, National Marine Fisheries

Service. NOAA. 2725 Montlake Boulevard East, Seattle, WA 98112.

"Far Seas Fisheries Flesearch Laboratory, Fisheries Agency of .Japan,

1(100 Orido, Shimizu 424, Japan.

'Pereyra, W. T., J. E. Reeves, and R. G. Bakkala. 1976. Demersal

fish and shellfish resources of the eastern Bering Sea in the baseline year

1975. Processed Rep., 619 p. Northwest and Alaska Fish. Cent., Natl.

Mar. Fish. Serv., NOAA. 2725 Montlake Boulevard E., Seattle, WA
98112.



the major target species of foreign trawl fisheries there. It

supports the largest single species fishery in the North

Pacific.

The modem history of groundfish exploitation in the

Bering Sea began in 1954, but the fishery for pollock did

not begin in earnest until the early 1960s. At that time

yellowfin sole, Limanda aspera, declined substantially in

abundance (Forrester et al. 1978) and in 1964

mechanized techniques for processing pollock into suri-

mi (a minced fish product) were successfully imple-

mented on Japanese motherships and large factory stern

trawlers (Bakkala et al. In press). As a result pollock

catches increased more than tenfold between 1964 and
1972 (from 175,000 t to nearly 1.9 million t. Table 1).

Catches declined steadily thereafter to <1 million t in

1977-78 due to declining stock abundance and fishery re-

strictions on the catch. This trend in stock abundance
was generally monitored by CPUE data from the fish-

ery, but the ADI procedure appeared to be a good

measure of abundance as well. They both depended on

data compiled from the Japanese trawl fisheries in the

Bering Sea.

Table 1.—Annual catch of walleye pollock, in thousand metric tons,

in the eastern Bering Sea, 1964-78.
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VARIABILITY STUDIES ON
PAIR TRAWL DATA

Because the data records of Japanese groundfish

catch-effort statistics that were available through

INPFC were summaries of many daily trawls, variances

about these statistics cannot be estimated. Therefore, we

estimated variances of the fundamental daily catch,

effort, and CPUE data for statistical interpretation

of CPUE values. We selected the 120-219 GRT class of

pair trawlers attached to the Japanese surimi mother-

ship fishery for the analysis because these trawlers

were probably the most representative vessels used in

the fishery for monitoring pollock CPUE trends (Table

2).

The analysis by monthly and annual periods shows

that standard deviations of mean catch, effort, and

CPUE values decreased substantially after 1973 when

the number of daily catch-effort records (sample size)

were increased from earlier years (Table 3). Variances

about the monthly and annual CPUE values calculated

from daily catch-effort records were small after 1965. Co-

efficient of variation (CV) for the 1964 and 1965 data was

19''c and d'^'c. when the sample sizes were small (Table 4).

When the sample size approached 300 (1966-69), CV
generally was below 4'^i. As the sample size increased and

approached 5,000 (1970-76) the CV decreased to the 1-2%

range.

A comparison of annual mean CPUEs at the 95% con-

tidence level shows that pollock CPUE increased signifi-

cantly each year from 1963 to 1969, followed by a sig-

nificant decrease from 1969 to 1971 (Table 4). Another

Table 3.—Statistics on variability studies on catch-effort data for pair trawlers of the 120-219 gross

registered ton class in the Japanese surimi (a minced fish product) mothership fishery in the eastern

Bering Sea, 1964-76.



Table 3.—Continued.



Table 4.— Statistics on variability studies on mean annua) catch per

unit effort <CPUE) of walleye pollock by pair trawlers of the 120-219

gross registered tons class in the Japanese surimi (a minced fish

product) mothership fishery in the eastern Bering Sea, 1964-76.



MBL-months, the two sets of ADIs were similar and 2)

the frequency and magnitute of observed differences

were fewer and lower in the most recent years. We found

that differences occurred most frequently in the south-

eastern Bering Sea (MBLs 21 and 22) during March-

June for pair trawlers and in the central and northern

Bering Sea (MBLs 32, 33, 43, and 44) during December-

March for factory trawlers.

These differences occurred in times and areas where

species other than pollock were caught in large quan-

tities. As the proportion of species other than pollock in-

creased in the catch, differences became greater. The
differences, however, were not significant although ex-

clusion of data from poor pollock catches by one criterion

resulted in ADIs that were on the high side and inclusion

of all data by the other resulted in lower ADIs. Since

we cannot distinguish which ADI was truly indicative

of pollock abundance and not biased by changed in

species composition, it was necessary to define index

area-time cells which more accurately reflect trends in

abundance.

INDEX AREA-TIME CELLS

Based on distributional pattern of pollock and its life

history features (Pereyra et al. 1976 see footnote 3) we
identified four area-time cells (Fig. 2) which consistently

accounted for high proportions (75% or more) of pollock

in the catch for ADI computations.

Area-time cell I — MBLs 21 and 22, March-May,
which represents the main
spawning area during the spawn-

ing period.

Area-time cell II — MBLs 21 and 22, July-Septem-

ber, which represents the main
spawning area during a feeding

period.

AREA-TIME CELLS
BL 21 and 22, March-May

MBL 21 and 22, July-September
BL 32 and 33, April-July

MBL 43 and 44, June—September

major statistical block)

60° N

55° N

180° ' 175° W 170° W 165° W 160° W

Figure 2.—Four area-time cells used for calculating average density indices for walleye pollock in the

eastern Bering Sea.



Area-time cell III

Area-time cell IV

MBLs 32 and 33, April-July,

which represent the transitional

area (between spawning and
feeding grounds) during a transi-

tional period (between spawning

and feeding periods).

MBLs 43 and 44, June-Septem-

ber, which represents the north-

em feeding area during a feeding

period.

Each area-time cell was selected to delineate a unique

phase of the distribution of the pollock population during

the year. From catch distribution patterns, we also deter-

mined that these phases of distribution were usually

repeated during the same area-time cell each year, there-

by providing comparability of ADIs from year to year.

After the selection of these four area-time cells, ADIs

were computed for all vessel-gear categories except Type

2, which was already considered in Type 1. The computa-

tions were made using all-data as opposed to pollock-

majority-data within each cell because their results were

not expected to be significantly different. The equation

used to determine these ADIs was:

ADI^ = (""2 (A,^ X 0^))/(""2A^)

where a = 1,2,3,4 index area-time cells

g = 1,2,3,4 vessel-gear types

i = 1,2, . . . n statistical block number

riu = number of statistical blocks selected for

computation in index area-time cell a

O^g = catch per unit effort (metric tons per hour

trawled) by gear-vessel type g in statistical

block i within index area-time cell a

A„j = area (km-) covered by vessel-gear type g

which is made up of statistical blocks i

within area-time cell a.

(Table 9). Most of the decline occurred between 1973 and
1974, and from 1974 to 1976 relative abundance remained

fairly stable.

TRENDS IN WALLEYE POLLOCK
ABUNDANCE

Since we analyzed the 1964-76 data base at the

working group meeting in 1977, we have updated the

analyses on annual CPUE and ADI trends through 1978

as shown in Figure 3. They are trends of pair trawl data

from the surimi mothership fishery. From 1964 to the

early 1970s, there was a general increase in the CPUE
and ADI trends which resulted from increased pollock

abundance and fishing power of vessels. Catch composi-

tion and trends (Forrester et al. 1978) showed that pol-

lock became increasingly abundant as the fishery pro-

gressed in the 1960s. At the same time, there must have

been considerable learning experiences by fishermen

which contributed to higher CPUEs as noted by Lx)w

(1974). Technological changes in the fishing fleet also

took place, which no doubt increased the size and overall

efficiency of fishing vessels. Effects of these physical

changes on CPUE and ADI trends were probably held

rather constant by selecting data from our five standard

vessel class categories for computations. However,

we cannot separate the effect of increased fishing pow-

er of vessels from the effect of increased pollock abun-

dance in CPUE and ADI trends from 1964 to the early

1970s.

For 2-3 yr during the early 1970s, abundance of pollock

appeared to be at peak levels. By this time most of the

technological changes and human learning factors that

contributed to increased fishing power have probably

stablized. Beginning in 1972, both CPUE and ADI trends

decreased but stabilized during 1975-78 at an intermedi-

ate level when 1.1 million t of pollock were harvested an-

nually.

The results shown in Table 7 are ADIs calculated by

the above equation from monthly data by vessel-gear

type within each cell. A summarization of these monthly

ADIs by cell and gear type is presented in Table 8. In this

table, ADIs were weighted by the magnitude of catches

and then expressed in percentages relative to 1976 pair

trawl ADIs.

In the interpretation of ADI trends within area-time

cells we also considered changes to the accustomed fish-

ing pattern due to factors such as fishing regulations.

Area-time cell I probably would not provide a good in-

dicator of pollock abundance for 1973-76 because that

cell was partially closed to trawling during some years

(INPFC 1979). Time-area closures have not been a factor

in the other three cells (U-IV) and fishing patterns did

not change significantly during 1973-76. Thus, ADIs were

better indicators of stock abundance in these latter three

cells than in cell I.

The trend in ADIs shows that relative pollock abun-

dance declined from 1973 or 1974 to 1976 in all cells

SUMMARY

The data base and an average density index (ADI)

procedure for assessing abundance of walleye pollock in

the eastern Bering Sea were evaluated. This data base

was made up of daily catch-effort records of individual

fishing vessels in the Japanese groundfish fishery. For

the period 1964 through October 1972, the data base

consisted of a third of the total daily catch-effort rec-

ords. Thereafter, all daily records were included. Based

on pair trawl data from the 120-219 gross registered ton

class of vessels in the surimi mothership fishery, it was

determined that one-third of the records provided a

statistically representative sample of the entire data

base. It was further determined that monthly sum-

maries of daily catch-effort records that have been sub-

mitted by Japan to INPFC and used by U.S. scientists

for assessing abundance of walleye pollock were not sig-

nificantly different from daily records used by the Fish-

eries Agency of Japan in their assessments.
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Table 8.—Annual average density indices (ADIs; in metric tons per hour trawled) and relative ADIs (as percentage of I97S ADD
for walleye pollock in the eastern Bering Sea by area-time cells (see Figure 2 and text) and vessel-gear categories, 1973-76.



Catch-effort records of two types have been used for

calculating ADIs: 1) records where walleye pollock were

the most abundant species in the catch which have been

defined as "pollock-majority-data" and 2) all-data rec-

ords. Based on records from five vessels class-gear types,

it was determined that ADIs resulting from the two

procedures were statistically the same in 80% of the

cases studied because of high proportion of pollock in

catches. However, in certain area-time cells where other

species formed a relatively high proportion of the catch,

the two procedures resulted in lower ADIs. Therefore,

use of data only from pollock-majority-data may cause

abundance to be overestimated while use of all-data

may cause it to be underestimated because some of the

effort may have been directed to another species. Thus,

ADIs calculated by either method may be biased

towards the high or low side and may not be directly

comparable from year to year.

In an attempt to reduce such bias in ADIs, four area-

time cells were identified as potential index areas for

abundance computations. Three of these four cells

turned out to be good index areas for pollock. The ADI
procedure used thus resulted in an extension to the orig-

inal ADI procedure by Doi et al. (1972) to include: 1)

selection of vessel-gear categories that were most repre-

sentative of pollock fishing activities and 2) selection

of area-time cells that provided good indexing areas.

Since then, the study has been updated to include

data analyses from 1964 to 1978. Trends in CPUE and

ADI show that from 1964 to the early 1970s, there was a

general increase in the abundance of pollock. This trend

was the result of increased pollock abundance and

fishing power of vessels. However, we cannot determine

the separate effect of these two factors. For 2-3 yr during

the early 1970s, abundance of pollock appeared to be at

peak levels. Beginning in 1972, both CPUE and ADI

trends decreased but stabilized during 1975-78 at an

intermediate level when 1.1 million t of walleye pollock

were harvested annually.
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