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ABSTRACT

This report describes the patterns of catch variability of Pacific

whiting (Merluccius productus) in the U.S. management zone for the years

1978-88. This information is presented in two forms. Tables in an appendix

give the catch at age and the length at age of Pacific whiting for geographic

and temporal strata for each year. Variance estimates based on the two-stage

sampling design used by the Alaska Fisheries Science Center (AFSC) observer

program are also given in the appendix. The main body of the report contains

a graphical analysis of the catch-at-age data reported in the appendix.

Shifts in the timing and the alongshore distribution of fishing activity are

identified. Evidence is given to support previous conjectures about the

migratory behavior of Pacific whiting. Additional features of the annual

migration are identified, including 1) a delayed northward migration of

juvenile whiting and 2) the stability of the migratory behavior of Pacific

whiting above age 6. Evidence for sex-specific migration between U.S. and

Canadian waters during the fishing season is evaluated. A comparison of the

catch by region with the geographic distribution of the population shows that

Pacific whiting off the Oregon coast experience much higher exploitation rates

than do the Pacific whiting located elsewhere in the U.S. management zone
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INTRODUCTION

The idea of "unit stock" has proven to be an extremely powerful concept

in fisheries biology. The unit stock is an idealized population that is

homogeneous, is reproductively isolated, and is lacking in spatial structure.

This concept has made possible the development of sophisticated techniques for

estimating population abundance and for modeling the effect of fisheries on

exploited populations. Yet the unit-stock concept is not without limitations.

It completely disregards the spatial characteristics of both the exploited

population and the fishery that impinges on that population. Furthermore,

gradual changes in the population or the fishery over time are not easy to

study using models based on the unit-stock concept. While simple theoretical

models provide a necessary foundation, it can be dangerous to leave unexamined

the discrepancy between these models and the observed spatial and temporal

variability of the population and the fishery. A management recommendation

based on an inappropriate model may not achieve its intended objective.

This report describes an investigation. into the patterns of catch

variability of Pacific whiting (Merluccius productus) over the period 1978-88.

During this period the fishery for Pacific whiting evolved from a fishery

dominated by foreign vessels to a joint venture fishery employing U.S. fishing

boats and processing vessels from the Soviet Union and Poland. The domestic

catch of Pacific whiting increased over this same period, but it has remained

small relative to the catch of the offshore fleet (less than 5% by weight) and

was processed at land-based facilities. The domestic catch has not been

intensively sampled and is not investigated in this report.

The fishery for Pacific whiting is managed by setting an annual quota.

Because of the low demand for Pacific whiting the actual catch is often below

the quota. The rules for allocating the quota between the different fleets

give priority to the domestic fleet, then to the joint venture fleet, and

lastly to the foreign fleet. There are several geographic and temporal

restrictions on the foreign and joint venture fisheries. Foreign fishing

vessels are required to fish between lat. 39°00'N, and lat. 47°30'N. and

outside a 12 mile limit along the U.S. west coast. The foreign fishery is.
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limited to the period from 1 June to 31 October. Gear is restricted to

pelagic trawls with a 100 mm minimum mesh size. There is a ban on foreign

processing south of lat. 39°OO'N, a restriction which has the effect of

limiting the development of a joint venture fishery farther south.

This study utilizes the data base obtained by comprehensive observer

coverage --as high as 95% (observer days relative to vessel days)--for this

fishery in recent years (Berger and Weikart 1989). This sampling program has

made available a wealth of information on catch composition on a finer scale

than had been possible earlier. This research had several objectives: 1) to

examine the spatial and temporal variability of the catch for evidence of

annual changes in exploitation rates and geographic shifts in the fishery;

2) to use the catch statistics by region to study the annual migratory pattern

of Pacific whiting; 3) to provide estimates of catch at age and length at age

for strata defined by geographic region and time period for eventual use in

modeling studies; and 4) to estimate the sampling error of catch at age and

length at age.

METHODS

The spatial distribution of the Pacific whiting catch in the U.S.

Exclusive Economic Zone was examined to identify geographic strata based on

the actual distribution of the stock. Figure 1 shows the alongshore

distribution of the Pacific whiting catch for 1981-88. Three persistent areas

of high abundance were detected. Three spatial strata were defined on that

basis: 1) the area south of lat. 43°00'N containing the Eureka and Monterey

International North Pacific Fishery Commission (INPFC) regions (EUE), 2) the

area from lat. 43°OO’N north to Cape Falcon (lat. 45°45'N) consisting of the

southern part of the Columbia INPFC region (SCOL), and 3) the area north of

Cape Falcon to the U.S.-Canada border including the northern part of the

Columbia INPFC region and the U.S. portion of the Vancouver INPFC region

(VNC)(Fig. 2). In addition, the fishing season was divided into three roughly
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equal time periods: early (April-June), middle (July-August), and late

(September-November).

The Alaska Fisheries Science Center's Observer Program uses a two-stage

sampling design to sample the catch of Pacific whiting (French et al. 1981).

The first stage consists of obtaining a large initial sample of fish and

recording the length and sex. For the second stage of sampling, a subsample

of fixed size is selected for each combination of length category and sex.

Otoliths are collected from each of these individuals, and the age is

determined for each fish. The numbers of aged and measured fish from 1978 to

1988 are given in Table 1.

Estimates of catch at age and variance estimates of catch at age by

strata from 1978 to 1988 were compiled using the procedure developed by Kimura

(1989). With this method, the yield for a given substratum is distributed by

age by applying the length frequency information from that substratum to

age-length and weight-length keys compiled for the stratum of which it is an

element. For this analysis the spatial and temporal strata defined above were

used, and the catch was assigned to substrata according to fishery type (i.e.,

foreign or joint venture). Thus, for each sex, nine area-time strata were

possible for a year, and within each stratum, two substrata were possible:

foreign or joint venture.

For. most years approximately 3,000 Pacific whiting otoliths were read.

Compiling as many as nine age-length keys for each sex with an age sample of

this size could result in keys with large gaps; that is, length categories

without any corresponding aged fish. To prevent this from occurring,

background age-length keys for each sex were calculated using all the aged

fish for a year. These keys would assign ages to fish that fell into the gaps

in the age-length keys used for each stratum.

Stratified length-at-age estimates were also compiled for each stratum.

Equations for these procedures and a delta-method variance estimator for the

sampling variance are described in Dorn (1990). Because the catch

characteristics (age composition and mean length at age) for the foreign and
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joint venture fleets were very similar within a stratum, the catch statistics

from the foreign fishery and the joint venture fishery were always combined to

obtain the catch statistics of a stratum, which formed the smallest unit in

the analysis.

RESULTS AND DISCUSSION

Tables in the appendix give the estimated catch at age and length at age

for the spatial and temporal strata described above. Annual summary tables

are also given. The sampling error of catch at age (coefficient of variation)

and length at age (standard deviation) are included in the tables. Data in

this form have a factorial structure, such that each catch-at-age datum is

described by a unique combination of the factors of age, sex, time period in

the season, geographic region, and year. In the remaining sections, the

catch-at-age data are summarized using the simple method of averaging across

some factor levels, and then graphing the catch totals or proportions by the

remaining factor levels.

Annual Changes in Catch Rates

The total annual catch from the U.S. fishery fluctuated around 150

million fish from 1978 to 1985 (Fig. 3). This pattern was broken in 1986 when

the catch in numbers jumped to about 300 million fish. The total catch has

continued at that level through 1988. The smallest catch occurred in 1980 and

was due primarily to a ban on directed fishing imposed by the United States on

the Soviet Union. The relative amount of the catch occurring in the early,

middle, and late seasons has remained relatively constant to 1988. The

largest fraction of the catch occurred in the middle part of the season (July-

August), followed by the early period (April-June). The smallest share of the

catch took place during the late period (September-November). Late fisheries

occurred in 1980 and in 1985, while in 1983 the fishery was early.

The mean catch at age roughly follows the classic shape of a catch curve

(Fig. 4). Age-4 fish are the most abundant in the catch. The ascending limb

of the curve consists of ages 1 to 3. These are age groups that are



incompletely recruited to the fishery. From age 5 onwards the abundance of

succeeding age groups generally declines. The irregularities in the curve can

be accounted for by noting that the abundant and heavily exploited 1984 year

class is represented at age 4 in 1988 catch, but not at age 5. The fraction

of the catch at age occurring during the early, middle, and late periods is

approximately the same from age 3 onwards (Fig. 4). Age 1 and age 2 Pacific

whiting are not found in the catch during the early period, suggesting that

the juvenile age groups migrate northward into the fishing area more slowly

than the adults. Another possible explanation for this pattern is that the

rapid spring and summer growth of the age 1 and 2 fish increases their

selectivity to the mid-water trawl gear used by the fishery.

When the catch at age for each year is examined, the dominance of large

1977, 1980, and 1984 year classes in the catch is remarkable (Fig. 5). Prior

to the entry into the fishery of the 1977 year class in 1981, the age

structure in the catch was much more balanced, with three or more year classes

making large contributions to the total catch. After 1982, the catch was

completely dominated by one or two large year classes.

Geographic Shifts in the Fishery

A significant geographic change in the fishery occurred in 1982 when the

fishery shifted north (Fig. 6). Before 1982, the fishery took place mostly in

the EUR and SCOL regions. From 1982 onwards, the largest fraction of the

catch still came from the SCOL region, but most of the remaining catch came

from the VNC region. Part of the explanation for this change may be the

strengthening of the joint venture fishery, which, unlike the foreign directed

fishery, was permitted to fish in the Vancouver INPFC region.

The mean annual catch by geographic region and time in the season is

given in Figure 7. The largest fraction of the catch occurs in the SCOL

region during all three time periods. In the early part of the season, the

catch is divided evenly, for the most part, between the three regions. As the

season progresses, there is a tendency for the catch to concentrate in the

central SCOL region and to drop off both to the north and south. During the
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late period, September-October, very few Pacific whiting are taken in the EUR

region.

Sex Ratio Changes

The sex ratio in the catch of a geographic or temporal stratum can be

estimated without being biased by the amount of fishing activity that took

place in that stratum--provided some fishing activity took place. Patterns of

variability in the sex ratio can provide evidence of sex-specific differences

in migratory behavior or natural mortality. However, when interpreting

changes in the sex ratio it is necessary to keep in mind that the fishery not

only samples the population, but can be the major source of mortality on the

population. For example, if initially there were equal numbers of males and

females in the population, a fishery that selectively removed more females

than males would tend to decrease the fraction of females remaining in the

population, and could eventually result in fishery samples containing less

than 50% females.

Figure 8 shows the age-specific sex ratio, expressed as the fraction of

females, by geographic region. For the youngest Pacific whiting the sex ratio

is slightly above a 1:l ratio.' Between the ages 4 and 9, the fraction of

females dips below 50%, reaching a minimum at age 7. Lastly, there is a

steady increase in the fraction of females to approximately 70% by age 15. An

additional pattern that emerges is that the fraction of females in the catch

increases from south to north. For most age groups, the fraction of females

is lowest in the EUR region and highest in the VNC region.

One explanation for this pattern involves size-selective recruitment,

different migratory behavior between the sexes, and sex-specific mortality

rates for the older age groups. The females of an age group are found further

north and are of a larger average size than the males. Consequently, for the

age-2 and age-3 fish that are-not yet fully recruited by the fishery, a larger

fraction of females than males will be caught. However, as the females begin

migrating into the Canadian management 'zone, their abundance relative to the

males of the same. age declines in the U.S. zone. After age 9, as the fraction
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of females begins to increase again, some new process must begin to affect the

sex ratio in the catch. One interpretation of this pattern is that the

natural mortality rate of the males is higher than the females. Other

interpretations are possible. For example, the males may adopt benthic

habits, making them less vulnerable to the mid;-water fishery.

For most years, the fraction of females in the catch declined as the

season progressed (Fig. 9). There are no obvious trends by year in-the sex

ratio. The fraction of females was highest in 1982 and 1983, and it was

lowest in 1985. The information on the geographic and temporal variation in

the sex ratio is summarized in Figure 10. During the early period, the

fraction of females was approximately 50% for both the SCOL and the VNC

regions. During the middle period, it dropped to 47% in the SCOL region, but

stayed near 50% in the VNC region. By the late period, the fraction of

females in the SCOL region dropped to 45%, the same level that occurred

throughout the season in the EUR region. In the VNC region the fraction of

females remained constant at 50%. A gradual reduction in the availability of

the females or a migration out of the SCOL region could account for this

pattern. An alternative explanation is that there is an influx of males.

Beamish and MacFarlane (1985) observe that the Canadian catch of Pacific

whiting ranges between 60 and 82% females and increases June onwards. This is

consistent with the changes in the sex ratio in the U.S. zone, but does not

resolve the question of whether the males are migrating south or the females

north during the fishing season.

Age-Specific Migration Patterns

Study of the regional characteristics of the catch tended to support

earlier conjectures about the annual migratory pattern of Pacific whiting

(Alverson and Larkins 1969; Bailey et al. 1982). The hypothesis that Pacific

whiting migrate farther north as they become older is confirmed by the data

presented in Figure 11, which shows the proportion of the catch by geographic

region for each age group. Virtually none of age-l Pacific whiting are caught

north of the Columbia River in the VNC region. BY age 4, approximately 25% of
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the total catch comes from the VNC region. The fraction of the total catch in

the VNC region increases gradually with age to approximately 35% at age 15.

Because the catch at age in a region depends on the amount of fishing

that took place there, it is incorrect to interpret these catch proportions as

estimates of the geographic distribution of the population. They can,

however, tell us which age groups have similar migratory behavior. For the

older age groups (age 6 and above) the fraction of the catch that occurs in

each region is relatively constant. This indicates that the migration pattern

tends to stabilize with increasing age.

A more direct way to examine how the annual migratory pattern changes

with age is to look at the mean distribution of population as measured by the

triennial groundfish surveys conducted in 1977, 1980, 1983 and 1986 (Dark et

al. 1980; Weinberg et al. 1984; Nelson and Dark 1985; Coleman 1986 and 1988;

and Neal Williamson, Alaska Fisheries Science Center, National Marine

Fisheries Service, NOAA, BIN C15700, 7600 Sand Point Way NE., Seattle, WA

98115. Pers. commun., May 1989) (Fig. 12). A similar pattern is discernible.

Age-2 fish are most abundant in the Monterey INPFC region, and the center of

abundance of fish from age 3 to age 5 progressively shifts further north. The

older age groups remain moderately abundant in the south, suggesting that they

have a wider geographic range than the younger age groups. As is seen in the

data from the fishery, the annual migratory pattern of fish age 6 and above

tends to be very similar, although the percent of the population in Canadian

waters continues to increase up to age 12. Because age-6 fish are nearing

their asymptotic size, these results support the hypothesis that the migratory

pattern of Pacific whiting is primarily related to the size of the individual

and only secondarily related to age. Additional support for this hypothesis

is the observation by Francis (1983) that, even within an age group, the

larger individuals are found further north.

It is possible to refine our ideas about the migratory behavior of

Pacific whiting by introducing the concept of an annual migratory distance,

This would be defined as the distance between the spawning grounds and the
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northward limit of the annual migration of a particular fish. Table 2

contains rough approximations of the age-specific mean migration distance

during the triennial survey years. These approximations were obtained by

assuming that spawning takes place at lat. 33°00'N, and that the distance

migrated by members of an age group in a geographic region can be measured by

the degrees of latitude between the spawning grounds and the latitudinal

midpoint of that geographic region. The following characteristics- of the

annual migration pattern can be abstracted from the information in Table 2 and

the preceding analyses:

1.

2.

3.

The mean migration distance of an age group increases with age.

The difference in mean migration distance between the consecutive age

groups declines with age. For example, the mean distance migrated by

the age 15-fish is about the same as for age-14 fish.

The older age groups have a wider distribution than the younger- age

groups. In other words, the variance of the migratory distance

increases with age.

Comparison of Fishery Catch with Survey Results

The fishing mortality on the Pacific whiting population within a region

or on an annual basis can be calculated by assuming that the triennial

groundfish surveys (trawl and acoustic surveys combined) estimate mean

population abundance. The fishing mortality rate can then be estimated using

the relation F, = C, / N,, where F, is the age-specific fishing mortality

-rate, C, is the catch at age, and N, is the mean population abundance at age.

The mean age-specific fishing mortality for each region is given in Figure 13.

The Pacific whiting population in the SCOL region experiences much higher

exploitation rates than do the Pacific whiting located elsewhere in the U.S.

management zone. This conclusion is dependent on assuming that there is

little migration taking place during the fishing season. The fishing
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mortality rate on the age-2 and age-3 fish is low in all regions. In the SCOL

and the VNC regions the fishing mortality rate from age 4 to age 15 shows

fluctuations from one age group to the next, but it exhibits no trends. In

the EUR region, the fishing mortality rate increases gradually from age 3 to

age 6, then remains relatively stable to age 14. The extremely high fishing

mortality on the age-15 fish in the EUR region is probably due to sampling

error.

The size of the catch relative to the population at each age should

provide information about whether the fishery actively targets on strong year

classes. A comparison of age-structured population size during the survey

years and fishing mortality on each age group showed no evidence that the

fishery targets on dominant year classes (Fig. 14). In fact, exactly the

opposite seems to be the case. In 1983 and in 1986, when there were strong

year classes-at age 3 and age 2, respectively, the apparent fishing mortality

rate was lower on these strong year classes than it was on the older year

classes that were much weaker. This indicates that the relative abundance of

fish at different ages does not strongly influence fishing strategy, and could

suggest that the catch of a vessel is constrained by its processing capacity,

and not by its ability to find and capture fish. This situation could change

if the exploitation rate increased significantly over the levels observed

during 1978-88.
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Table l.- -Number of Pacific whiting from fishery samples aged and measured by
NMFS personnel during the years 1978-88.

Early period Middle period Late Period Annual total

Year Aged Measured Aged Measured Aged Measured Aged Measured

1978 2,060 31,819 2,801 66,153 978 26,799 5,839 124,771
1979 1,072 37,678 1,552 83,584 500 52,094 3,124 173,356
1980 844 15,674 2,927 43,038 1,565 43,536 5,336 102,248
1981 1,287 26,961 1,928 55,174 1,053 53,605 4,268 135,740
1982 1,913 77,529 1,463 66,683 882 27,604 4,258 171,816
1983 1,480 82,186 1,277 70,499 475 14,173 3,232 166,858
1984 1,344 70,888 1,304 108,272 662 64,524 3,310 243,684
1985 200 23,329 1,690 142,592 550 101,089 2,440 267,010
1986 1,203 125,542 1,393 238,779 474 109,786 3,070 474,107
1987 1,021 102,191 1,414 188,361 740 140,902 3,175 431,454
1988 1,192 125,714 1,349 194,246 502 100,184 3,043 420,144

Total 13,616 719,511 19,098 1,257,381 8,381 734,296 41,095 2,711,188
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Table 2.- -Mean migration distance (MD) (km) and the standard deviation of
migration distance (SD(MD)), as estimated from information on the
geographic distribution of Pacific whiting collected during the
triennial surveys in 1977, 1980, 1983, and 1986. Sources: Dark et
al. 1980; Weinberg et al. 1984; Nelson and Dark 1985; Coleman 1986
and 1988; and Neal Williamson, Alaska Fisheries Science Center,
National Marine Fisheries Service, NOAA, BIN C15700, 7600 Sand Point
Way NE., Seattle, WA 98115. Pers. commun., May 1989.

1977 1980 1983 1986

Age MD SD(MD) MD SD(m) MD SD(m) MD SD(m)

2 857 215 593 148 991 261 712 299
3 881 257 633 174 1213 295 789 347
4 1006 281 762 240 1399 317 1058 448
5 1070 304 1017 454 1544 264 946 426
6 1198 351 998 453 1572 288 1276 418
7 1257 339 1308 406 1499 360 1352 397
8 1375 335 1164 440 1528 341 1132 448
9 1436 316 1387 389 1475 385 1262 437

10 1410 345 1448 349 1504 368 1163 448
11 1401 363 1494 339 1486 381 1173 452
12 1444 355 1465 368 1523 326 943 482
13 1492 348 1499 303 1510 331 1261 449
14 1559 223 1292 459 1563 279 1363 278
15 1446 286 1424 405 1226 430 770 388



Figure 1. --The alongshore distribution of the Pacific whiting catch in the
U.S. management zone, 1981-88. The persistence of three areas of
high fishing productivity is evident in the plots. Source: Jerald
Berger, U.S. Foreign Fishery Observer Program, Alaska Fisheries
Science Center, National Marine Fisheries Service, NOAA, BIN
C15700, 7600 Sand Point Way NE., Seattle, WA 98115, Pers. commun.,
February 1989.



Figure 2.-- Geographic regions along the northwest coast of the United States
defined as strata to estimate catch at age and length at age.
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Figure 3. --Annual Pacific whiting catch in millions of fish by time period
during the fishing season by foreign and joint venture vessels in
the U.S. management zone. Early (April-June), middle (July-
August), late (September-October),



Figure 4. --Mean 1978-88 catch at age of Pacific whiting by time period in
millions of fish. Early (April-June), middle (July-August), late
(September-October).
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Figure 5. --Catch at age, 1978-88, by time period.
(July-August),

Early (April-June), middle
late (September-October).
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Figure 5. --Continued,
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Figure 6. --Annual catch proportion in numbers occurring in each of three
geographic regions. See Figure 2 for a chart showing where the
regions EUR, SCOL, and VNC are located.
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Figure 7. --Mean annual catch (1978-88) by geographic region and time in the
season. See Figure 2 for a chart showing where the regions EUR.
SCOL, and VNC are located. Early (April-June), middle (July-
August), late (September-October).
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Figure 8. --Age-specific fraction of females in the catch of Pacific whiting
(1978-88) by geographic region. The scatter in the sex ratio
above age 12 is probably caused by the very small sample sizes for
those age groups. See Figure 2 for a chart showing where the
regions EUR, SCOL, and VNC are located.
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Figure 9.-- Fraction of females in the catch of Pacific whiting by time in the
season for the years 1978-88. Early (April-June), middle (July-
August), late (September-Octdber).
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Figure 10. --Fraction of females in the catch by geographic region and time in
the season averaged over 1978-88. See Figure 2 for a chart
showing where the regions EUR, SCOL, and VNC are located. Early
(April-June), middle (July-August), late (September-October).
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Figure 11. --Mean fraction of the catch at age of Pacific whiting (1978-88) in
each geographic region for fish age 1 to age 15. See Figure 2 for
a chart showing where the regions EUR, SCOL, and VNC are located.
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Figure 12. --Mean fraction of the population in each geographic zone for
Pacific whiting from age 2 to age 15. Estimates were obtained by
averaging triennial AFSC survey results in 1977, 1980, 1983, and
1986. The top panel gives ages 2-8 and the bottom panel gives
ages 9-15. Following the usual procedure, results from the trawl
and acoustic surveys were added together to estimate the total
number by region. Sources: Dark et al. 1980; Weinberg et al.
1984; Nelson and Dark 1985; Coleman 1986 and 1988; and Neal
Williamson, Alaska Fisheries Science Center, National Marine
Fisheries Service,
Seattle, WA 98115.

NOAA, BIN C15700, 7600 Sand Point Way NE.,
Pers. commun., May 1989. INPFC regions are

used, except that the northern part of Columbia region (north of
Cape Falcon at lat. 46°45'N) was split off and combined with the
U.S. part of the Vancouver INPFC region (VNC). Abundance in the
Canadian zone (up to about lat. 50°OO'N) is also included.
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Figure 13. --Age-specific fishing mortality rate of Pacific whiting by
geographic region (average of the triennial survey years 1980,
1983, and 1986). See Figure 2 for a chart showing where the
regions EUR, SCOL, and VNC are located.
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Figure 14. --The relationship between population abundance and fishing
mortality for Pacific whiting from age 2 to age 15. Separate
panels show the comparison for the triennial survey years 1980,
1983, and 1986.



31

APPENDIX

This section consists of tables of Pacific whiting catch-at-age

and length-at-age data for geographic and temporal strata for the years

1978-88. Appendix Tables lA-11C contain the strata estimates of catch at age

in millions of fish by sex, the coefficient of variation of catch at age (CV),

length at age by sex in centimeters, and the standard deviation of length at

age (SD). Annual summary statistics are presented in Appendix Table 12. In

some cases, a length or a catch for a particular age is reported, but no

variance estimate is given. This occurs when the estimate is based on a

single fish. Cells with an estimated catch of zero contain dashes, but

entries with 0.000 have an estimated catch of fewer than a thousand fish.
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Appendix Table 1A. --Catch statistics in the Eureka region (EUR) in 1978.
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Appendix Table 1B. --Catch statistics for the South Columbia region (SCOL) in 1978.
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Appendix Table 1C. --Catch statistics for the North Columbia/Vancouver region (WC) in 1978. :
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Appendix Table 2A. --Catch statistics in the Eureka region (EUR) in 1979.

No. of No. of Length Length
Age males cv females CV of males SD of females SD



3 6

Appendix Table 2B. --Catch statistics in the South Columbia region (SCOL) in 1979.
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Appendix Table 2C. --Catch statistics in the North Columbia/Vancouver region (VNC) in 1979.

No. of No. of Length Length
Age males cv females CV of males SD of females SD
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Appendix Table 3A. --Catch statistics in the Eureka region (EUR) in 1980.
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Appendix Table 3B. --Catch statistics in the South Columbia region (SCOL) in 1980.
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Appendix Table 3C. --Catch statistics in the North Columbia/Vancouver region (VNC) in 1980.
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Appendix Table 4A. --Catch statistics in the Eureka region (EUR) in 1981.

N o .  of No. of Length Length
Age males cv females CV of males SD of females SD



42

Appendix Table 4B. --Catch statistics in the South Columbia region (SCOL) in 1981.

No. of No. of Length Length
Age males cv females CV of males SD of females SD
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Appendix Table 4C. --Catch statistics in the Vancouver/North Columbia region (VNC) in 1981.

No. of No. of Length Length
Age males cv females CV of males SD of females SD
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Appendix Table 5A. --Catch statistics in the Eureka region (ELJR) in 1982.

No. of No. of Length Length
Age males cv females CV of males SD of females SD
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Appendix Table 5B. --Catch statistics in the South Columbia region (SCOL) in 1982.

No. of No. of Length Length
Age males cv females CV of males SD of females SD
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Appendix Table 5C. --Catch statistics in the Vancouver/North Columbia region (VNC) in 1982. 1
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Appendix Table 6A. --Catch statistics in the Eureka region (EUR) in 1983.

No. of No. of Length Length 
Age males cv females CV of males SD of females SD
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Appendix Table 6B. --Catch statistics in the South Columbia region (SCOL) in 1983.

No. of No. of Length L e n g t h
Age males cv females CV of males SD of females SD
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Appendix Table 6C. --Catch statistics in the Vancouver/North Columbia region (VNC) in 1983.

No. of No. of Length Length
Age males cv females CV of males SD of females SD
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Appendix Table 7A. --Catch statistics in the Eureka region (EUR) in 1984.

No. of No. of Length Length
Age males cv females CV of males SD of females SD
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Appendix Table 7B. --Catch statistics in the South Columbia region (SCOL) in 1984.

No. of No. of Length Length
Age males cv females CV of males SD of females SD
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Appendix Table 7C. --Catch statistics in the Vancouver/North Columbia region (VNC) in 1984.

No. of No. of Length Length
Age males cv females CV of males SD of females SD
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Appendix Table 8A. --Catch statistics in the Eureka region (EUR) in 1985.

No. of No. of Length Length
Age males cv females CV of males SD of females SD
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Appendix Table 8B. --Catch statistics in the South Columbia reg on (SCOL) in 1985

No. of No. of Length Length
Age males cv females CV of males SD of females SD
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Appendix Table 8C. --Catch statistics in the Vancouver/North Columbia region (VNC) in 1985.

No. of No. of Length Length
Age males cv females CV of males SD of females SD
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Appendix Table 9A. --Catch statistics in the Eureka region (EUR) in 1986.

No. of No. of Length Length
Age males cv females CV of males SD of females SD
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Appendix Table 9B. --Catch statistics in the South Columbia region (SCOL) in 1986.

No. of No. of Length Length
Age males cv females CV of males SD of females SD
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Appendix Table 9C. --Catch statistics in the Vancouver/North Columbia region (VNC) in 1986. 

No. of No. of Length Length
Age males cv females CV of males SD of females SD
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Appendix Table 1OA. --Catch statistics in the Eureka region (EUR) in 1987.

No. of No. of Length Length
Age males cv females CV of males SD of females SD
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Appendix Table 1OC. --Catch statistics in the Vancouver/North Columbia region (VNC) in 1987.

N o . of No. of Length Length
Age males cv females CV of males SD of females SD
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Appendix Table 11A. --Catch statistics in the Eureka region (EUR) in 1988.
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Appendix Table 11B. --Catch statistics in the South Columbia region (SCOL) in 1988.

No. of No. of Length Length
Age males cv females CV of males SD of females SD
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Appendix Table 11C. --Catch statistics in the Vancouver/North Columbia region (VNC) in 1988.

No. of No. of Length Length
Age males cv females CV of males SD of females SD
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Appendix Table 12. --Annual catch statistics for Pacific whiting in the U.S. zone (1977-88).

No. of No. of Length Length
Year Age males cv females c v of males SD of females SD
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Appendix Table 12. Continued.

Year
No. of No. of Length Length

Age males cv females CV of males SD of females SD



Appendix Table 12. Continued.
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Year
No. of No. of Length Length

Age males cv females CV of males SD of females SD
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Appendix Table 12. Continued.

Year
No. of No. of Length Length

Age males CV females CV of males SD of females SD
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