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Abstract

Since the early 1960‘s, the International Pacific Halibut
Commission has annually conducted trawl surveys to assess the abundance
of juvenile halibut in selected regions of the Northeast Pacific Ocean
and Bering Sea. Indices of year-class abundance based on systematic
and stratified sampling were ¢stimated for each region and age group in
the catches. In general, correlations between any two of these indices
were poor. The ability of survey data to predict recruitment to the
adult population also was poor, as shown by comparisons of juvenile
indices to three measures of adult abundance. Estimates of mortality
during the period between juvenile and adult abundance assessments
could not fully explain the differences.

Introduction

The International Pacific Halibut Commiccion (IPHC) began a
bottom trawl survey program in the early 1940’s. Initially, the
surveys were exploratory and provided general information on the size,
age, . and distribution of Pacific halibut <(Hippoglossus stenolepis)
below commercial size. Subsequently, the emphasis shifted toward
assessment of year-class abundance, and these abundance estimates were
regarded as an index of potential recruitment to the commercial setline
fishery five to seven years later.

1IPHC’s survey program has not been previously reviewed, primarily
because of inadequate data for comparison from other sources. Until
recently, very <few year classes had been assessed by the survey and
subsequently exploited by the commercial fishery, thereby precluding
evaluation of the survey’s main objective of providing an index of pre-
recruit abundance. Even now, only data for approximately ten vear
classes are available for comparison.

In this review, two indices of relative year-class abundance of
Juveniles are estimated. One index is based on systematic sampling
theory in accordance with the survey design. For another, data are
analyzed as if they were collected in a stratified manner., To test the
predictive capability - of these indices, they are compared with two
independent measures of year-class abundance of adults: catch per unit
of effort (CPUE) from the commercial fishery and ectimated absolute
abundance . (numbers) from a cohort analysis of catch-at-age data.
Finally, indices of year-class abundance of juvenilec are compared to

their estimated abundance at birth.

Hurvey Methods

When IPHC began its trawl survey program in the early 1940°cs, the
objective was to provide data on halibut below commercial size, 65 cm.
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Those smaller than 45 cm were termed "juveniles”, regardless of age or
maturity. For comparative purposes, this definition ic wsed throughout
this study even though the minimum size limit was raised to 81.3 cm in
1973,

Juvenile halibut inhabit most areas of the continental shelf of
the Northeast Pacific Ocean and Bering Sea, to depths in excess of 100
m. In addition to covering this broad geographic area, the annual trawl
surveys were designed to monitor juvenile halibut over much of their
size and depth ranges (Figure 1). To systematically survey large
Juveniles, 4ive grids of "offshore" stations were fished with a
standard 400-mesh eastern otter trawl with a 90 mm mesh codend. 1In the
Northeast Pacific Ocean, a total of 110 "offshore" stations are located
in four regions. The Bering Sea sampling grid consists of thirty-four
offshore stations. To monitor smaller juveniles, six groups of
“inshore" stations were established in selected areas close to shore.
Twenty-seven inshore stations in the Northeast Pacific and five in the
Bering Sea are sampled twice during each annual survey, These stations
are not arranged in a grid pattern and are surveved with a smaller
version of the trawl net used at offshore stations. This net s

approximately two-thirds the size of the large net and has a 32 mm mesh
codend.

The - surveys began in the eastern Bering Sea about the first of
June each year, progressed into the Pacific Ocean, and proceeded in an
easterly direction across the Gulf of Alaska. The survey of -each
region was scheduled for the same time each year but the actual fishing
dates wvaried slightly from year to year. During the 1960’s, <some
regions were not sampled every year.

Commercial otter trawl vessels were chartered for the surveys.
The speed of trawling was regulated to approximately three knots. A
standard haul was sixty minutes at offshore stations and 15 minutes at

inshore stations. Beginning in 1979, towing time at offshore stations
was shortened to thirty minutes.

All halibut were measured and otoliths were taken from a sample
for age determination.

Indices of Juvenile Abundance

Two indices of juvenile abundance based on systematic and
stratified systematic sampling methods are developed for each offshore
region and year class. For inshore regions, only one index based on
systematic sampling is estimated. Major points in the development of
these indices include (1) the use of catch per unit of effort (CPUE) as
a measure of relative abundance, (2) the use of median CPUE as a good
estimate of relative abundance based on the frequency distributions of
sample wvalues, and «3) the assumptions and estimation methods for
systematic and stratified sampling.

Catch Per Unit of Effort

Assumptione and potential errorc inherent in the use of CPUE as a
measure of relative abundance have been extensively studied. Errors’
affecting CPUE from bottom trawl surveys arise from changes 'in the
coefficient of catchability for fish in trawls, fish distribution, and
fish behavior. These errors. can seriously bias the ectimates of

relative abundance (e.g., Byrne, et al. 1981; Carrothers 1981; and
Foster, et al. 1981).

IPHC standardized many of its trawling procedures to minimize
sampling error, but it ic not Known how successful these procedures
were toward achieving a reproducible, <ctandard haul, IPHC also
standardized sampling locations and survey timing in hopes of
minimizing errors from changes in fish distribution, but these errors
may still be substantial in survey data. Errors arising from changes
in the behavior of juvenile halibut have not been studied.

For juvenile surwey data, catch refers to number of halibut lese
than &5 cm. The number of halibut at each age in the catch is estimated
from the length frequency of the catch and an age-length key. Keys are
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compiled <{or each region and year and usually contain more than 200
observations. Effort is lexpressed in terms of towing time on the
bottom. = Most hauls are of standard duration: 40 minutes with the
large net and 15 minutes with the small net. For hauls not of standard
duration, estimates of CPUE for total catches and by age are adjusted
to the standard.

Median CPUE

Most sampling theory is based on the mean of sample wvalues, and
in many studies of trawljsuruey data, the mean of CPUE wvalues s
considered an abundance index {e.g., Clark and Brown 1977; Forest and
Minet 19813 Halliday and Koeller 1981), 1 have taken a different
approach, one which relies on the median rather than the mean of sample
values. A disadvantage | in using the median is that standard
statistical tests cannot be jused to compare indices of abundance, and
therefore, less powerful rank tests are used in this study.

|

The CPUE frequency distribution of fish in most trawl surveys s
positively skewed <{Leaman | 1981; Smith 1981; Taylor 1953). - The
frequency distributions of CPUE for juvenile halibut are also
positively skewed. In a|study of confidence limits about means and
medians of a series of net catches, Moyle and Lound (1940) report that
“in skewed series the median is generally more descriptive of average
conditions than ‘the mean." For any positively-skewed distribution,
data are distributed equally on both sides of the median, not the mean
(McCaughran 1981). Also, the median is much less sensitive to extreme
observations than the mean.  Furthermore, the reliability of survey
indices of juvenile abundance is tested by comparisons to other indices
and Moyle and Lound state that the median "appears to be most useful
tor evaluating and comparing catches of nets where: (1) the number of
net sets (sample size) is small; and (2) fish of a particular species
are taken in most of the sets." Juvenile trawl survey data meet these
conditions. In addition, | I assume that finite sampling theory, +or
which the mean may be an appropriate measure of abundance, is not valid
because only a very small fraction of the population is sampled by the
surveys. For example, each /index region in the juvenile surveys covers
more than 1800 square miles, but less than ! square mile of it is
actually trawled each year. ‘

For 'most regions, the CPUE frequency distribution {or total
catches (all juveniles 1less than 645 cm) resembles a lognormal
distribution. The hypotheslis that In[(C+1)/E) is normally dictributed
is not rejected in modified Kolmogorov-Smirnov testc of fit (Schmitt
1985)., In these tests, data for all years were combined and hauls with
no catch were included.

Because the CPUE frequency distributions are positively skewed,
relative annual abundance of juveniles is estimated by median CPUE of
total catches. To include hauls with no catch, et CPUEm = (Cut1/E,

_where Cp is the catch in a standard haul at station m and E is the
standard haul duration. Given that CPUE; is lognormally distributed,
then by the method of maximLm likelihood (Aitchison and Brown 196%),
median CPUE for the lth group of n stations, such as a region-year, is

n
L I InCPUE,

~ n m=1
MED(CPUE;) = ¢ .

Its variance is estimated by

A [ m=1
Uar(NED(CPUEi)) = |
| nin-1)

n A
|z [lncpuem - In(MED(CPUEi))}z

"The CPUE frequency distribution for every age group in the catch
cannot be lognormal given @hat CPUE of the total catch is lognormally
distributed because the sum jof lognormal distributions is not lognormal
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(Aitchison and Brown, op. cit.). Also, when CPUE;, is modified in the
usual way to include data from hauls with no catch of the given age
group K Ci.e., CPUE,, = (Cy +1)/E), the CPUE,, frequency distributions
are not lognormal. For offshore regionc, estimated catches of many age
groups frequently are small numbers and their increase by one halibut
significantly affects the CPUE frequency distributions.  The hypothesis
that Inl{C+1)/E] is normally distributed was accepted in only 4 of 25
Kolmogorov-Smirnov tests for ages two through six, the dominant age
groups in the catches (Schmitt, op. <cit.). Therefore, the maximum
Vikelihood estimate of the median is not used as an index of year-class
abundance.

Median CPUE used to estimate relative year-class abundance is the
" middle value in the CPUE sample for each age, region, and year class.
For this nonparametric estimate of median CPUE, no assumption ic made
regarding the distribution of CPUE values and no modification is
necessary to include hauls with no catch, Moyle and Lound {op. cit.)
report that this statistic may be used for a series of net catches when
the number of sets ic small and fish of a particular species are taken
in most hauls, These conditions are met for those age groups used as
indices of year-clasc abundance of juvenile halibut, For each age Kk
and region-year stratum i, median CPUEik is estimated by

MED(CPUE;0 = CPUEpy yy =\ --=-=-====-===-=- (CPUEpy ya1 = CPUERy,)

where x designates the CPUEp, value such that half the CPUE,, estimates
are smaller than CPUE,,, and half are larger, and ‘q is the frequency
of CPUE values in interval g.

Systematic Sampling

Of¢shore regions are sampled in a grid pattern resembling an
aligned systematic design. In systematic sampling, the location of the
first sample is randomly selected and all other samples are spaced at
regular intervals from it. In contrast, sample positions in IPHC’s
trawl surveys are identical every year (stations) and are often fished
in the same sequence. The effect of these departures +from true
systematic. sampling on juvenile abundance estimates is not Known, but
is assumed to be minor.

For offshore regions, indices of abundance based on systematic
sampling are the maximum likelihood estimates of median CPUE for total
catches and nonparametric estimates of median CPUE for each age in the
catch, Maximum 1likelihood estimates of median CPUE for total catches
are computed rather than nonparametric medians because variances of the
maximum likelihood estimates can be estimated.

Sampling at inshore regions is similar to that at offshore
regions in that station locations are fixed, although not in a grid
pattern. Each inshore region contains five or six closely-spaced
stations, and each station is fished twice. Median CPUE’s were
estimated for these ten to twelve hauls in the same way as for offshore
regions.

Stratified Systematic Sampling

Juvenile halibut are contagiously distributed and, therefore,
ectimates of year-class abundance may be improved by stratifying CPUE
data. Systematic surveys may adequately assess the spatial
distribution of an aggregated population, but they do not give precise
estimates of parameters, such as median density, over the entire area
(Leaman 1981). The lack of replicate samples in systematic sampling
leads to the imprecision of parameter estimates. Stratified random
sampling generally provides more precise estimates if the variance is
greater among strata than within strata. Variances in median  length
and 1n{CPUE)> of juvenile halibut are larger among depth strata than
within them (Schmitt, op. cit.). Although IPHC’s survey data are not
collected in a stratified random manner, a compromise, in which the



s

systematically-collected data are post-stratified for analysis, may
improve upon systematic estimates of year-clase abundance. Leaman {(op.
cit.) reported that estimates of relative abundance may be improved by
systematically surueyingl an area that has already been stratified by
some criterion. Therefore, to increase the precision and, potentially,
the accuracy of indices o# juvenile abundance, CPUE data from offshore
regions are post—stratifiLd by depth of haul. Because age is closely
related to length of juveniles, CPUE estimates by age are also post-
stratified by depth. Depth strata were 0-35, 36-50, and greater than
50 fathoms. Data from inghore regions are not post-stratified by depth
because only a few statipns were fished in each region and they were
all located in relatively shallow water.

Median CPUE is a mpasure of density and an unbiased estimate .of
overall density in a region is the area-weighted sum of densities in
each stratum (Quinn, et al. 1983). Thus, stratified indices of
Juvenile abundance in | region-year i are the area-weighted sums of
median CPUE for total catches in the depth strata:

A

MED(¢CPUE ;)

Wy MEDC(CPUE; )
1

1}
4w

h

%
where: Wt the proportion of the bottom area in the

j region that lies within depth stratum h.

|
Variances of these post-stratified estimates of relative juvenile
abundance are estimated from the variances for each stratum:

A

Var(MED(CPUE ;) =

i Mw

W? + Var(MED(CPUE;;)) .
h

h=1

Stratified median CPUE flor each age k also is an area-weighted sum of
median CPUE estimates for age k in each stratum:

~

MED(CPUE ;¢

~
]
4w

Uh : MED(CPUEikh) .

h=1

Comparisons Among Juvenile Indices

Numerous indices af juvenile abundance are estimated from IPHC’s
trawl survey data. Indices of annual abundance are estimatea for each
region and indices of year-class abundance are available for each
region and age in the catch. In addition, abundance indices for
offshore regions are estimated by two different methods. ’

Indices of juvenile abundance in each survey region are analyzed
separately because the rq\ationship between juveniles in one region and
those in another is uncertain. Available information indicates that
Juveniles from different [index regions probably do not intermingle, at
least during the summer survey period. Several thousand juveniles have
been tagged and released in the index regione during the trawl surveys
and more than one hundred have been recaptured during subsequent trawl
surveys. O0f these recoveries, all were recaptured in the release
region;j none were recaptdred in another index region, either inshore or
offshore. |

|

Al though median CP@E ic ectimated for every age group in survey
catches, indices of year%class abundance include only two- to six-year-
olde for offshore regﬂons and one- to three-vear-olds for inshore
regions because these age groups constitute the bulk of the catches in
every region, |

|

f¢shore Reqions

Systematic and stratified indices of juvenile abundance closely
agree for every region and nearly every age in the catch. Therefore,
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only stratified estimates are considered hereafter to simplify
discussion of so many indices. All pertinent comparisons were made
with systematic estimates and the results were nearly identical to
those for stratified estimates.

With few exceptions, no two indices of juvenile abundance show

the same trend over time. Trends in relative annual abundance differ

_-among regions, and trends in relative year-class abundance differ among
capture ages and regions.

Although trends in annual abundance at most offshore regions show
some ‘similarities over the years, the index of abundance in one region
usually is not significantly rank-correlated with indices in other
regions. For all regions except Cape St. Elias, stratified median CPUE
for total catches is highest during the 1960‘s, declines to its lowest
level during the mid-1970“s, and then rises to approximately its long-
term average by the 1980‘s, Median CPUE at Cape St. Elias is fairly
stable until the late 1970°s, but more than doubles thereafter (Table
. Despite these similarities, Spearman rank correlation
coefficients are significant for only two of ten possible regional
pairings (Schmitt, op. cit.).

Stratified indices of year-clas abundance not only differ among
regions but  also among different ages of capture in the same region
(Figures 2-6), Two striking features of these figures suggest that
CPUE of juvenile halibut in the trawl surveys ic greatly affected by
changes in availability of juveniles. First, a few yvears of extremely
high CPUE’s stand out in every region, but the vears of such extremes
differ by region. Perhape these outstanding values represent only
localized concentrations and are not indicative of relative year-class
abundance. However, in every region relative abundance of every age
group is low for a series of years during the mid-1970’s. This
consistency among regions may indicate that CPUE is a reliable measure
of year-class abundance during this period or perhaps juveniles were
concentrated outside the survey regions during the mid-1970's. The
second feature evident in these figures is that all age groups within a
region show nearly identical trends in relative abundance by year and
not by year class. For example, relative abundance of three-, {four-
and five-year-olds at Unimak is greatest in 1968, but relative
abundance of four- and five-year-olds in 1969 is very low (Figure 3).
In general, an outstanding year class in one survey is not outstanding
in successive surveys of the same region.

Inshore Regions

Trends in annual  abundance since the 1940‘s are similar in
several inshore regions. For example, abundance at Trinity, Alitak,
and Kayak is relatively low during 1971, 1976, and 1979-1981. Peak
abundances in these regions occur prior to 1970, although in different
years (Table 2). However, indices of relative year-clase abundance at
inshore regions are apparently affected by changes in availability of
Juveniles. The synchronicity in CPUE for most age groups in the catch
that was observed at offshore regions is also apparent at inshore
regions (Figures 7-12).

'Inshore and Offshore Reqions

Estimates of relative year-class abundance at inshore regions
correlate poorly with year-class abundance at nearby offshore regions.
Systematic indices of abundance at each age, one, two, and three, in
inshore regions were compared to systematic indices for each age, two
through six, at nearby offshore regions. The Spearman rank correlation
between these indices is significant for only 12 of 75 comparisons
(Schmitt, op. cit.).

Indices .of Adult Abundance

Three measures of adult abundance are available to compare with
each index of juvenile year-class abundance. Two of these measures
indicate year-class abundance of adults. First, setline CPUE from the
commercial fishery is available by age and year class. Second, absolute
abundance of adults by age and year class is available ¢rom cohort
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year-class abundance at offshore regions usually are poorly correlated
with parent biomass. Only 4 of 25 GSpearman rank tests showed
significant, positive correlations. For inshore regions, the
relationship between -systematic CPUE by age and parent biomass is
significant for one-year-olds in the Bering Sea, Unimak, and Shelikof
regions, but. is not significant at older ages in any region, It is

. noteworthy that the relationship is not significant for other inshore

regions, where median CPUE’s for juveniles are much higher.

Discussion

Indices of  juvenile abundance 4rom survey data are poor
predictors of recruitment to the fishable population, measured by
number and setline CPUE of nine-year-olds. Indices of year-class
abundance of juveniles also do not correlate with estimates of year-
class abundance at the egg stage.

The general lack of agreement between juvenile and adult indices
may arise from: 1) poor assessments during the juvenile stage; 2) poor
assessments during the adult stage; 3) changes in relative year-class
abundance between juvenile and adult assessments; or 4) some
combination of these factors. Each index in this study is based on
certain assumptions and has errors of unknown magnitude associated with
it. Variance estimates are not always available, and the comparative
reliability of these indices is not Known. Point estimates of year-

~class abundance are imprecise, so greater reliance is placed on
comparisons of long-term trends. The results must be viewed with these
qualitfications in mind.

Setline CPUE and number of adults estimated by cohort analysis
probably are the most reliable measures of year-class abundance
examined in this study. The commercial fishery data used for these
indices are collected as part of an intensive and well-designed
sampling program. Also, many vessels participate in the fishery and
fishing grounds are located throughout the entire summer range of adult
halibut. Consequently, fishery data probably are representative of the
adult population. I+ it is assumed that these indices are good
measures of adult year-class abundance, then the reliability of
‘assessments during the juvenile stage depends on substantial changes in
year-class abundance during the interim.

Mortality ic the only force that can alter year-class abundance.
Very little is known about natural mortality of sublegal halibut and it
ts commonly assumed to be constant in time and area for stock
assessment analyses. Most fishing mortality of juveniles results from
incidental capture by fisheries targeting on other species. Incidental
mortality upon year classes can only be roughly approximated because
estimates of the age composition of the incidental catch and resultant
mortality are not available. To approximate year-class mortality from
‘all sources, I assume that all mortality occurs at five years of age.
Thus, an annual incidental mortality of 20 million pounds in 1966
represents a 20 million pounds reduction in the 1941 year class. Under
this assumption, incidental mortality was relatively constant for year
classes spawned during the 1940‘s and declined for year classes of the
1970°s.

Although incidental mortality of juveniles certainly altered the
abundance of year classes during the interval between survey and
fishery assessments, it cannot account entirely for the differences in
these assessments. To coincide with the observed trends in incidental
mortality and adult abundance (Figure 14), vyear-class abundance of
Juveniles should be relatively constant through the late 1940‘s and
increase slightly thereafter. However; none of the survey indices of
juvenile year-class abundance show this trend. In general, stratified
estimates of year-class abundance decline during the 1960‘s, remain at
low levels until the late 1970’s, and increase thereafter.

Poor - correspondence among trends in incidental mortality and
juvenile and adult indices of year-class abundance does not necessarily
mean that juvenile indices are poor. Adverse environmental conditions
may have affected the survival of juveniles after survey assessments,
and estimated trends in incidental mortality are only - rough
approximations to the actual reductions in year-class abundance.
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Table 1. Stratified indices of year-class abundance (number of
halibut <45 cmiper hour) and their variances by offshore
region and vear.

Cape
Bering Sea Unimak Chirikof Chiniak St. Elias
Year  CPUE ' Var CPUE  \Var CPUE Var CPUE Var  CPUE Var
; 1961 22.8 8.81  50.3 428.68 21.0 28,83
! 19462 6.2 12.93
-~ 1943 34.8 905.49
1944 52.3 483.06 111.3 1327.08 9.5 0.07
1945 54.9 320,73 55.5 359.75 22.6 45.04
1946 2.6 78.14 3.0 120.34 17.1 15.55
1967 15.2 420 345 240.72 147.0 17747.07  27.9 1590.75 15.8 1.72
1968 10.2  2.50 78,0 0.00 41.8 355.58 27.3 © 29.89 19.3 5.58
1969 10.9 2.40 26,6 35.79 62.3 189.55 21.64  12.40 14.4 8.08
1920 2.5 | 15.1 1.6 139.7 1342,03  35.3  46.09 11.6 14.97
1971 9.4 A9 355 5.90  43.4 4.7 447 105.09 8.8 4.73
1972 2.8 49 23,3 3241 S5 79.30 3.6 5.42 11.9 29.71
1973 4.6 0.8 26, 38.46  45.4 95,93  28.5 276.12 11.2 7.08
1974 4.8 0.87 18.2 |11.55 35.7 251,28 13.7  61.26 12.6 9.38
1975 7.3 570 18 5.5 22,5 0 37,72 247 33134 9.4 4,53
1974 3.0 0.9 153 5.92 150 30.76 263 55.93 11.8 3.68
1977 9.5 4.95 154 647 2.1 3349 2.8 29.62 14.8 22.85
1978 8.7 2.9 174 4.29 325 118,97 22,3 2532 21.3 11.84
1979 5.6 91.23 9.8 10.30 45.8 34,59 40.8  29.32 21.5 17.99
1980 12,9 11.86  33.0  46.14  49.2 4B6.56  39.9  58.16 24.6 29.18
1981 143 7.81 449 439.23 314 92.85  48.2 204.39 32.2 31.BZ
Table 2. Systematic indices of juvenile abundance (number of
halibut <65 cm per 15 minutes) and their variances
by inshore region|and year.
Bering Sea Unimak Trinjty Alitak Kayak Shelikot
Year CPUE  Var  CPUE  Var  CPUE Var  CPUE Var  CPUE  Var CPUE  Var
1941 102.4 1375.78 155.7 1310.82 58.4 4881.74 76.8 5852.15
1942
1963 76,2 1336.38 86,5 1178.96 20.4 50.30 17.0  7.04
1964 133.4 1454.36 138.9 4231.92 44,6 421.62 40.3 94.70
1945 73,1 554.46 52,5 440.72 32.8 185.39
1946 73.9 158,95 117.3 2523.43 17,3 2.40
1967 208.9 7453.19
1968 18.5 204,34 85.1 1728.50 67.6 449.91 22.9 45.48 14.2 16.29
1969 32.4 447.57 73.2 51.10 222.7 3875.23 70,5 471.86 5.8  4.02
1970 8.3 33.48 76.3 36.90 104.5 1825.54 38.2 82.47 4.4 1.54
1971 51.8 3721.09 44.9 92.21 23.0 | 17.34 26.8 5.7 30.0 90.60 16.4  4.42
1972 32.0 477,71 12.0 - 5.10 32.4 |136.85 55.3 471,09 87,7 786.33 5.2 1.72
1973 24,3 276.64 19.0 20.73 19.1 | 38.59 45.2 297.92 47.0 147.91 5.9  1.10
1974 34.8 243.72 28.6 71.90 55.5 |259.46- 44.5 111,90 29.2 57.44 9.4  6.09
1975 31.0 69.92 21.2 k16.?3 14.0 | 12,52 48.64  44.41 24,7 146.33 5.4 2.89
1976 14.4 - 42,51 8.5 3.62 1.5 6.99 19.5 36,726 22,8 11,32 6.8 4,55
1977 28.5 56,74 15.1 20.96 57.5 |283.61 5.5 382.75 76.8 2946.38 4.7 57,20
1978 28.6 178,56 21.6 - 41.13 18,8 | 23.73 86.5 434.69 88.8 1808.05 26.1 28.4
1979 9.9 1913 14.4 25,09 23.3 | 24.23 31.2 94.88 29.9 67.71 3.5 1.3
1980 14.4 58.58 11.9 22.4¢ 4 2.89 23.6  78.70 31.8 128,07 2.1 0.2
1981 25.6 139.19 32.1 40.85 4 ) 2064 0 22,2 16,47 310 90,37 4.9 8.44
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Figure 2. Stratified median CPUE at ages 3, 4, and 5 by year
in the Bering Sea offshore regiom:..



9

MUMBER per HOUR

NURMBER per HOUR

- 13 -

40 |-
' Unimak Offshore
T T T T T T T T T T T .
1961 1965 1969 1973 1977 1981
| YEAR
Figure 3. Stratified médian CPUE at ages 3, 4, and 5 by year
’ in the Unimak offshore region.
60 |-
- Chirikof Offshore
50 |- :
[
"
"
I
o0
40 + P
[}
\
i
1}
]
i
Y
T T T iI T T T T T T T
1961 1965 . 1969 1973 1977 1981
‘ : YEAR
Figure 4. Stratified;nedian CPUE at ages 2

2, 3, 4, and 5 by

year in the| Chirikof offshore region.




NUMBER per HOUR

NUMBER per HOUR

60

- 14 -

Chiniak Offshore

T T

i T

1 T T T T T T
1961 1965 1969 1973 1977 1981

YEAR
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