POPULATION BIOLOGY OF PACIFIC OCEAN PERCH, SEBASTES
ALUTUS, STOCKS IN THE WASHINGTON-QUEEN CHARLOTTE
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ABSTRACT

Production and catch per unit effort of Pacific ocean perch, Sebastes alutus, stocks in the Washington-
Queen Charlotte Sound region have declined drastically in recent years, largely as a result of Soviet
and Japanese exploitation during 1966-69. In the region off Washington and southern Vancouver
Island, production declined from 39,000 metric tons in 1967 to 6,000 metric tons in 1969, and catch per
hour declined 45% during the same period. Pacific ocean perch are ovoviviparous, and so their
populations lack the resilience of highly fecund, oviparous groups such as the gadoids. Their ability to
maintain even current levels of abundance is uncertain.

Age composition, growthrates, and mortality rates were estimated for two separate stocks occupying
this region: one in Queen Charlotte Sound, B.C., and one oceupying the area off northern Washington
and southern Vancouver Island. Instantaneous rate of natural mortality was estimated to lie between
0.1 and 0.2, Recruitment to the fishing grounds is not complete until age 16 and the proportion of each
age group vulnerable to fishing was estimated by stock for age groups 10 (0.31-0.35) through 15
(0.87-0.94),

Age at sexual maturity (¢y 50) differed between stocks, ranging from 9 to 11 yr for females and 6 to 7
yr for males. Fecundity was determined for several females, and the fecundity-length and fecundity-
age relationships discussed. For a variety of reasons, all fecundity estimates were regarded as tenta-
tive, bearing a rather uncertain relationship to the number of larvae released.

The effects of fishing on stocks of Pacific ocean perch were examined through an approach similar to
the yield per recruit analysis that is commonly used in stock assessment, although the computer
program developed for this study enabled estimation of exploitable biomass and population fecundity
as well as yield per recruit.

Compensatory mechanisms that would tend to restore population fecundity and recruitment to
preexploitation levels were discussed, and the limits of some of these mechanisms (density dependent
growth and earlier sexual maturation) were explored with the computer program mentioned previ-
ously. The results of this analysis suggested that past levels of exploitation went far beyond those levels
that could be sustained by Pacific ocean perch stocks on a long-term basis. It was coucluded that future
rates of exploitation should be regulated so that the annual catch never exceeds 10% of the mean stock

biomass on hand during the year.

Pacific ocean perch, Sebastes alutus (Gilbert), are
found throughout the northern Pacific, from
California to the Bering Sea, and as far southwest
as the Kurile Islands. Murphy (1968) has shown
that species with several reproductive age-groups
are well adapted to unpredictable levels of larval
mortality, and Pacific ocean perch seem to be a
prime example of this line of evolution. Twenty-
year-olds are common in this species, and there
are 10 or more reproductive age-groups of sig-
nificance. In the unexploited state, large standing
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stocks of S. alutus accumulated, furnishing a sub-
stantial hedge against uncertain larval survival.
Quast (1972) estimated the original catchable
biomass of S. alutus off western North America to
be roughly 1,750,000 metric tons.

Commercial fishing for S. alutus was initiated
in 1946 by U.S. trawlers operating off central Ore-
gon (Alverson and Westrheim 1961). Develop-
ment proceeded slowly, but by 1955, United States
and Canadian vessels were harvesting S. alutus
from as far north as Queen Charlotte Sound, B.C.
Westrheim et al. (1972) have characterized the
North American trawl fishery for Pacific ocean
perch as undergoing a short development period
(1946-51) with low production, a longer period
(1953-60) of moderate production, and a short
period (1961-66) of increasing production. Since
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1966, Pacific ocean perch production has fallen
drastically in several areas fished by these North
American trawlers, largely because of excessive
catches by Japanese and Soviet fleets.

Japanese and Soviet trawl fisheries for Pacific
ocean perch began in the Bering Sea about 1960
and expanded southward into the eastern Gulf of
Alaska in 1963. The Soviet fleet operated
throughout the Queen Charlotte Sound-Oregon
region by 1965, and they were joined by Japanese
trawlers in 1966. Catches from the Oregon-Queen
Charlotte Sound region were quite high initially
(Figures 1 through 3), but the stocks were far too
limited to sustain these harvests. By 1969, S.
alutus stocks were severely depleted throughout
the Oregon-Vancouver Island region (Figures 1,
2). Production in the International North Pacific
Fisheries Commission (INPFC) Vancouver and
Columbia areas plummeted from 39,000 metric
tons in 1967 to 6,000 metric tons in 1969 (an 85%
decline), and catch per hour by North American
trawlers declined 45% during the same period
(Westrheim et al. 1972). Data on catch per unit
effort (CPUE) suggest that the exploitable
biomass of Pacific ocean perch in the Vancouver-
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FIGURE 1.—Catch and CPUE data for Pacific ocean perch in the
INPFC Columbia area (from Westrheim et al. 1972).
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Columbia region has changed little since 1969,
despite the fact that a series of relatively strong
year classes have recruited to the fishery.
Pacific ocean perch stocks in Queen Charlotte
Sound were affected less drastically by fishing
than those in the Oregon-Vancouver Island re-
gion. Biomass estimates and CPUE data (Wes-
trheim et al. 1972) indicated that S. alutus were
initially more abundant in the former area and
that they did not undergo such intensive exploita-
tion. During 1966-68, production declined 50%
while CPUE of Washington trawlers declined
36%. Fishing effort was reduced substantially
after March 1971, when most of Queen Charlotte
Sound was declared to be an exclusive Canadian
fishing zone. Bilateral agreements between
Canada and the United States allowed the tradi-
tional United States fishery for S. alutus to con-
tinue, but Japanese and Soviet fishing was prohib-
ited. Recent information, however, indicates that
in 1974, large catches of Queen Charlotte Sound
Pacific ocean perch were made by Japanese vessels
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FIGURE 2.—Catch and CPUE data for Pacific ocean perch in the
INPFC Vancouver Area (from Westrheim et al. 1972).
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FIGURE 3.-—Catch and CPUE data for Pacific ocean perch in
Queen Charlotte Sound (from Westrheim et al. 1972).

operating outside the Canadian fishing zone
(Gunderson et al. 1977).

Both biomass and longevity have been drastic-
ally reduced for Pacific ocean perch throughout
the Washington-Queen Charlotte Sound region,
and it seems unlikely that the current situation
will be stable over the long term. The purpose of
this study is to outline the population biology of S.
alutus stocks in the Washington-Queen Charlotte
Sound area and to examine their immediate and
long-term response to different harvesting
strategies.

METHODS AND MATERIALS
Delineation of Stocks

Two stocks of S. alutus will be examined and
contrasted: one in Queen Charlotte Sound (QCS)
and one inhabiting the waters off northern

Washington and southern Vancouver Island
(WVI),

The QCS stock is contained wholly within
Queen Charlotte Sound. North of lat. 52°N, the
continental shelf off western Graham Island is
quite narrow and there is little available habitat
for S. alutus. Recent work by Westrheim® has
shown that previously unexploited stocks exist in
Moresby Gully, an undersea canyon extending
into Hecate Strait, north of lat. 52°N. The Triangle
Islands form a definite southern limit for this

stock, since Pacific ocean perch catches im-

mediately south of these islands are almost neg-
ligible. Pacific Marine Fisheries Commission
(PMFC) statistical areas 5A and 5B offer a con-
venient unit for studying this stock.

The northern limit of the WVTI stock lies some-
where near the middle of Vancouver Island and,
for practical reasons, this was represented by the
northern boundary of PMFC area 3C (lat. 49°N).
Pacific ocean perch catches in PMFC area 3D have
been quite limited historically (Figure 4), and dur-
ing 1966-72, only 13% of the Washington landings
in the INPFC Vancouver area came from there
(Table 1).

The southern limit of the WVI stock is more
difficult to establish. Since Pacific ocean perch
catches by Washington trawlers fall off sharply
south of PMFC area 3B-3C (lat. 47°20'N), this was
the boundary used throughout this study. This
boundary, as well as the others used in this report,
is in basic agreement with Snytko (1971), whose

3Westrheim, S. J. 1974 Echo-sounder and trawl survey of
Queen Charlotte Sound and southern Hecate Strait, 1971-73.
Fish. Res. Board Can. Manuscr. Rep. 1307, 43 p.
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FIGURE 4.—Chart of the northeastern Pacific Ocean showing
INPFC and PMFC statistical areas used in this study. Mean
annual Pacific ocean perch catch (metric tons) during 1960-65
(heavy lettering) is shown for each PMFC Area.
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TABLE 1.—Catches (in metric tons) of Pacific ocean perch by
different components of the international trawl fleet, 1966-72.

United States
Washington and Canada All nations
Year 3B-3C 3B-3D 5A-5B 3B-3D 5A-5B 3B-3D G5A-5B
1966 2,104 2,283 5616 2,358 8,252 16,358 27,054
1967 701 783 5,341 805 5,745 17,746 26,741
1968 459 526 4,787 5§52 6,051 9,905 13,492
1969 462 573 4,992 583 6,628 4,513 12,951
1970 980 1,208 4,308 1,955 6,077 4955 9,854
1971 638 718 2925 1,156 4,165 4,138 4,867
1972 419 504 3,364 624 5561 3,082 7,842
Total 5,763 6595 31,333 8,032 42,479 60,697 102,801

research cruise data suggested that the two most
significant aggregations of S. alutus in the Van-
couver-Oregon region were found at lat. 48°-50°N
and lat. 46°-47°N. For all practical purposes then,
PMFC Statistical areas 3B and 3C offer a conve-
nient unit for studying the WVI stock.

Data Employed

Production records used in this study came from
the Washington State Department of Fisheries,
PMFC, INPFC, and from data furnished during
U.S.-U.S.S.R. scientific meetings.

Landings by Washington trawlers made up a
relatively small proportion of the total interna-
tional landings during the 1966-72 study period,
but the quality of their production records is such
that the CPUE data from this fleet offer the best
available index of stock abundance. During
1966-72, the Washington landings made up 30% of
the total international catch from Queen Char-
lotte Sound, and 11% of the catch from the INPFC
Vancouver area (Table 1). Washington trawlers
accounted for the bulk of the North American
landings in these areas, however, landing 74% of
the Pacific ocean perch caught in Queen Charlotte
Sound and 82% of those from the INPFC Van-
couver area during 1966-72.

Most of the data on age composition (as deter-
mined from otoliths), length composition, and
maturity were obtained by sampling the catches
landed by Washington trawlers and were collected
during 1967-72. Data from research vessel cruises
off Washington and Oregon were used to estimate
growth rates and fecundity-length relationships
for the WVI stock.

MIGRATIONS AND AVAILABILITY

General Features of the Life History

Extensive investigations into the life history of
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S. alutus have been carried out in the Bering Sea
(Paraketsov 1963; Pautov 1972; Chikuni 1975),
Gulf of Alaska (Lyubimova 1963, 1964, 1965;
Fadeev 1968; Chikuni 1975), and in the Queen
Charlotte Sound-Oregon region (Alverson and
Westrheim 1961; Westrheim 1970, 1973, 1975;
Gunderson 1971, 1974; Snytko 1971). These
studies have shown that there are several basic
similarities in the life history and biology of
Pacific ocean perch throughout its range.

Age and growth analyses have shown that S.
alutus attain sexual maturity relatively late in
life (6-10 yr), grow slowly, and are long-lived. In
lightly fished stocks, S. alutus may reach an age of
30 yr (Alverson and Westrheim 1961; Paraketsov
1963).

Sebastes alutus is an ovoviviparous species,
with three distinct phases in its reproductive cy-
cle. These are: mating (when spermatozoa are
transferred from males to females), fertilization
(when the ova are actually fertilized), and spawn-
ing (when the larvae are released).

Well-defined bathymetric migrations occur in
all areas. Pacific ocean perch occupy relatively
shallow water during the summer feeding period,
then move to deep water during winter. The
depths inhabited seem to vary little throughout
the geographic range, despite significant differ-
ences in thermal conditions (Table 2). Mating oc-
curs shortly before or during migration from shal-
low water, but fertilization and embryo release do
not occur until the fish are in deep water.

The larvae of S. alutus are pelagic and do not
settle into a demersal existence until 2-3 yr old.
Juveniles and young adults are confined to the
shallowest portions of the adult bathymetric
range, so that size and age composition vary
widely at different depths.

Despite these common characteristics, there are
substantial geographic differences in life history
and migration patterns, even within the relatively
restricted region dealt with in this study. For this
reason, migration patterns, seasonal availability,
age composition, growth, age at maturity, and

TABLE 2.—Depth and temperature characteristics of Pacific
ocean perch habitat.

Depths of maximum

abundance (m) Temperature (°C)

Area Summer Winter Range Optimum
Vancouver-Oregon

(Snytko 1971) 200-300 350-450 4.0-95 6-8
Gulf of Alaska

(Lyubimova 1965) 180-250 250-420 2.5-6.5 3-5
Bering Sea

(Pautov 1972) 150-350 350-450 1.0-6.0 3-4
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fecundity must be discussed separately for the
QCS and WVI stocks.

Migrations and Availability Within
the Study Area

Availability of S. alutus fluctuates widely over
short periods of time. Short-term fluctuations in
availability were quite evident during a series of
2- to 3-wk research cruises off the Washington
coast (Gunderson 1974), and masked any long-
term changes in biomass that occurred during
1968-72,

For this reason, catch and CPUE data can be
used to study migration patterns and seasonal
availability only if they are based on a large quan-
tity of trawling effort, carried out more or less
continuously. The data from the Washington
trawl fleet seem well suited to this purpose, since
these trawlers spend a great deal of time searching
out and catching Pacific ocean perch. Sebastes
alutus is frequently the target species for this fleet,
and made up 29% of its total coastal landings dur-
ing 1967-71.

In this section, catch and effort data from the
Washington trawl fleet will be used to describe
migration patterns and seasonal trends in the
availability of 8. alutus. Data on sex and length
composition of the catch will also be brought into
the analysis, since it is difficult to interpret trends
in availability without them.

QUEEN CHARLOTTE SOUND

Queen Charlotte Sound
Seasonal Patterns for the Region

The continental shelf is steep and untrawlable
seaward of 150 fm (274 m) in Queen Charlotte
Sound, so the fish in this area are inaccessible to
trawlers when they move into deep water
(January-April). Examination of gonads indicates
that spawning occurs in March (Gunderson 1971),
but there is no certainty as to where this occurs.
Few fish are caught during January-April, and
virtually all of these are males (Figure 5) that do
not participate in the spawning migration.

Males precede females in their return from win-
tering areas, and when the fishery first begins in
earnest (May), males constitute 68% of the catch.
The availability of females increases sharply after
May, and by July they dominate the catches.

During June-August, Pacific ocean perch are at
the shallowest point in their bathymetric cycle.
Catches are low during this period, and large
quantities of fish 35 cm or smaller are landed (Fig-
ure 6).

Both catch and CPUE rise in September, and
although the mean depth of catch is about the
same as in July and August, there is a sharp in-
crease in the proportion of fish larger than 35 cmin
the catch. Aggregations of large adults must sud-
denly become available during September, prob-
ably because mating activities are beginning.
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FIGURE 6.—Size composition of 1967-71 Pacific ocean perch
catches from Queen Charlotte Sound, by month. Mean numbers
caught per hour during 1967-71 are shown in parentheses.

Previous work (Gunderson 1972) has shown that
these aggregations are faster growing, but only
slightly older, than the rest of the stock.

Pacific ocean perch move into progressively
deeper water during October-December, as they
return to deepwater spawning areas. Catch per
hour remains high during this period, but de-
teriorating weather conditions force a decline in
trawling effort and landings.

Because catch, CPUE, sex ratio, length compo-
sition, and age composition all varied with season,
the data from different time periods were treated
independently in much of the later analysis. The
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time periods utilized were January-April, May,
June-August, and September-December.

Seasonal Patterns for Speciﬁé Grounds

The geographic distribution of the catch varied
from month to month (Figure 7) and there is a
possibility that between-ground variations in size
composition could contribute to the results shown
in Figure 6. Length and age composition data were
analyzed by fishing ground (Figure 8) to examine
this point further. To insure that the data used
were as typical as possible of the grounds in ques-
tion, only samples from characteristic fishing
depths were chosen for this analysis. The 1967-71
mean depth of catch was computed for each month
and ground in question, and only those samples
whose range was within 15 fm (27 m) of this mean
were analyzed.

The results (Figure 9) show that within a given
time period, length composition differed some-
what between grounds, but the differences showed
no consistent, predictable pattern. There was no
ground that could always be characterized as hav-
ing larger or smaller fish than the other grounds.
Size composition data for SE Corner, SW Corner,
and Triangle grounds, the three major fishing
grounds, showed only slight between-ground
heterogeneity within any given time period.

Washington-Vancouver Island

Unlike Queen Charlotte Sound where the con-
tinental shelf drops off abruptly past 150 fm (274
m), a wide range of depths can be fished off
Washington and Vancouver Island (Figure 5).
Trawlers can follow fish in this area into deep-
water spawning areas, and exploit them year
around. The year can be divided into a

FIGURE 7.—Distribution of 1967-71
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Pacific ocean perch catch from Queen
Charlotte Sound by month and fishing
ground. Data on distribution by ground
were derived from the portion of the
catch for which fishermen interviews
were available. The Virgin Rocks-
Mexicana ground includes Virgin Rocks

and all grounds east of the Cape Scott
ground.
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FIGURE 8.—Major Pacific ocean perch fishing grounds in Queen Charlotte Sound, B.C.

November-May period when most of the fish are in
deepwater spawning areas, and a June-October
period when they are in shallow water. Mean
depth of catch is 140-180 fm (256-329 m) during
the November-May period, and 120-130 fm (219-
238 m) during June-October.

Seasonal variability in the biological composi-
tion of the catch is less significant than in Queen
Charlotte Sound, since the sex ratio is close to 50%
males all year. Data on the size composition of the
catch was quite limited during certain months,
but size composition generally seemed to depend

on the depths at which the fishery was operating.
The proportion of small fish (35 cm or smaller) in
the landings was highest during the shallow-
water fishery, and decreased during November-
May (Figure 10).

Considering the wide differences in the mag-
nitude of the landings between Washington-
Vancouver Island and Queen Charlotte Sound,
CPUE levels are surprisingly similar (Figure 5).
Results of research cruises have shown that the
availability of Pacific ocean perch varies widely in
the Washington-Vancouver Island region (Gun-
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derson 1974), and fishermen probably restrict
their efforts to periods of high availability. If this
is the case, the relative levels of monthly catch
give the best index of stock availability. Peak
availability occurs during March-April (near the
time of embryo release) and in August-December
(near the mating period). This pattern of seasonal
availability agrees well with results from previous
studies of the WVI stock (Gunderson 1971; Snytko
1971),

AGE-LENGTH RELATIONSHIPS
Queen Charlotte Sound

The age-length relationship in any sample of
Pacific ocean perch from Queen Charlotte Sound is
influenced by the availability of large, fast-
growing fish, the depth at which the fish were
captured, and the proportion of the annual growth
completed. In order to examine the relative impor-
tance of these factors, analysis similar to that out-
lined by Gunderson (1974) was employed.

This involved fitting observed mean length at
age data to the von Bertalanffy growth model,

I, =LAl — exp—K(t - ¢,))

where /, = length of fish in centimeters at ¢ years
L. = theoretical asymptotic length
K = constant expressing the rate of ap-
proach to L,
t, = theoretical age at which /, = 0.

The least squares technique of Tomlinson and Ab-
ramson (1961) was employed to do this, and a
separate age-length relationship was computed
for each combination of fishing ground and season
(April-May, June-August, and September-
December) where adequate data were available.
All comparisons of the age-length relationship at
different grounds and seasons could then be made
by comparing fitted length at some common age
(age 15 in this case).

Theresults (Figure 11) show that the age-length
relation is more dependent on the availability of
fast-growing fish to bottom trawls than on any
other factor examined. The main line of evidence
supporting this is the close correspondence be-
tween changes in fitted length at age 15 (Figure
11) and seasonal changes in size composition (Fig-
ure 9), a situation that would be expected if both
depend on the availability of large, fast-growing
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fish. Both age-length and size composition data
indicate that aggregations of these fish are least
available during April and May, and that it is only
during September-December that they are fully
available on all fishing grounds. This general pat-
tern seemed to hold throughout Queen Charlotte
Sound, at least on the major fishing grounds. In
some instances, however, availability of large,
fast-growing fish was unusually high on a rela-
tively minor fishing ground. This seemed to be the
case at NE Corner during May and Cape Scott
during June-August (Figures 9, 11).

Sampling problems caused by disporportionate
fishing intensity in extremes of the bathymetric
range are usually insignificant compared with the
problems caused by differential availability. Re-
search cruises have shown that mean length at
age decreases as depth increases (S. J. Westrheim,
pers. commun.), so that fitted length at age 15
should either remain constant (if fishery shifts in
response to stock location) or decrease (if fishery
shift is independent of stock location) as the
fishery shifts to deeper water during September-
December (Figure 5). Instead, mean length at age
actually increases during September-December
(Figure 11) because this is the season when large,
fast-growing fish are most available.

Considering all sources of data on catch, CPUE,
and biological composition of the landings, it is
apparent that there is a significant increase in the
size of the exploitable population inhabiting
Queen Charlotte Sound during September-
December. Age-length data collected during

January-August consequently apply to only a

_fraction of the known population in Queen Char-

lotte Sound. If it is assumed that all Pacific ocean
perch are fully vulnerable to fishing by fall, how-
ever, the September-December market sampling
data can be taken as representative of the exploit-
able segment of the QCS stock.

Consequently, 1967-71 age-length data from
September-December market samples were used
to estimate growth parameters for the QCS stock.
Queen Charlotte Sound was treated as a unit,
mean length at each age was determined by sex,
and the resulting data were fitted to the von Ber-
talanffy growth model. Both the original data and
fitted mean length at age are shown in Table 3.

Washington-Vancouver Island

Availability of Pacific ocean perch in this region
influences the age-length relationship, but in a
different manner than in Queen Charlotte Sound.
Results from research surveys off northern
Washington (Gunderson 1974) suggest that mean
length at age actually decreases with increasing
availability, rather than increasing. The highest
rates of catch in this region were obtained when
aggregations of large, old, slow-growing fish were
most available.

The WVI and QCS stocks also differ substan-
tially in the degree to which mean length at age
varies with depth. In contrast to Queen Charlotte
Sound, mean length at age has been shown to
decrease sharply as depth increases off Wash-
ington and Vancouver Island (Westrheim 1973;
Gunderson 1974). The decline is so sharp, in fact,
that Westrheim (1973) has suggested that there
are separate shallow and deepwater stocks in this
region.

It is clear, then, that both depth of fishing and
availability must be taken into consideration in
order to arrive at an age-length relationship that
characterizes the WVI stock. Research cruise data
obtained off the coast of northern Washington
(Gunderson 1974) are particularly well suited to
do this, since age-length relationships and avail-
ability were systematically observed throughout
the bathymetric range. Availability varied widely
during these cruises, and, as previously men-
tioned, this phenomenon masked any long-term
changes that occurred during 1968-72. Availabil-
ity was maximal during the July 1972 cruise,
however, and the results from that cruise were
used to represent growth in the WVTI stock.

3717



FISHERY BULLETIN: VOL. 75, NO. 2

TABLE 3.—Number of age-length observations, mean length (centimeters), and fitted length at each age for QCS and WVI stocks
of Pacific Ocean perch.

QCS stock WVI stock
Males F Males ) Females
Number of Mean Fitted Number of  Mean Fitted Number of  Mean Fitted Number of  Mean Fitted
Age observations * length fength  observations length length  observations length length  observations length fength
2 3 18.0 18.1 2 18.5 19.1
3 1 220 21.2 1 220 216
4 10 237 23.9 11 24.5 24.0
5 8 27.0 26.6 4 26.2 26.0 18 258 263 6 26.5 261
6 19 29.1 28.6 26 29.4 284 9 28.3 28.4 10 28.1 28.0
7 70 30.0 30.5 73 30.6 306 8 29.6 30.2 5 28.5 29.8
8 164 316 322 124 32.1 326 34 323 318 21 314 314
9 186 331 33.6 173 33.5 34.3 58 33.2 33.2 22 33.2 32.9
10 219 344 35.0 213 34.8 35.9 123 34.2 344 7 346 343
11 233 36.1 36.1 179 36.3 37.2 172 35.5 35.5 123 35.7 35.5
12 a1 374 371 253 383 385 78 36.3 36.5 89 36.5 36.6
13 463 38.5 38.0 374 40.0 39.6 42 37.0 37.3 72 37.6 376
14 497 9.4 389 459 412 406 59 38.0 38.0 57 38.0 38.6
15 308 40.1 39.6 468 42.2 414 56 38.9 38.6 58 39.0 39.4
16 203 405 40.2 377 432 422 50 39.7 39.2 681 40.8 40.2
17 116 41.1 40.8 308 43.6 42.9 37 40.2 39.7 75 413 41.0
18 80 4.1 a3 186 440 436 24 408 401 52 a“7 aMe
19 30 416 41.7 115 44.4 44.1 29 411 40.5 36 422 42.2
20 14 419 421 92 442 446 16 413 40.8 30 42.4 427
21 13 41.9 425 36 45.1 45.0 7 414 411 14 43.7 43.2
22 10 45.0 45.4 2 38.0 41.4 16 43.6 43.7
23 3 45.3 45.8 7 439 44.1
24 7 45.6 46.1 4 44.5 445
von Bertalanffy growth function parameters
Lo 45.25 48.75 43.16 48.47
K 0.1182 0.1135 0.1320 0.0808
ty —2.4157 -1.7159 -2.1186 —3.5041
SE of
estimate 0.44 0.64 0.68 0.45

Data from the 120-, 160-, and 200-fm (219-, 293-,
and 366-m) sampling stations were combined by
weighting the mean length at each age by the
catch rate of Pacific ocean perch in that depth
stratum and arriving at an overall weighted mean
length for each age group (Table 3). The calcula-
tions were carried out separately for males and
females, and the resulting age-length data were
then fitted to the von Bertalanffy growth model
using the technique described previously.

The results (Table 3) suggest that fish off
Washington grow somewhat slower than those in
Queen Charlotte Sound. In order for the results

“from the two stocks to be strictly comparable,
however, several research cruises should have
been made in Queen Charlotte Sound during
September-December. The age-length data from
those cruises where availability was maximal
could then have been weighted in proportion to the
catch rate for each depth stratum, as was done for
the WVI stock. If fishermen effectively “sample” in
proportion to abundance, however, the results
from commercial fisheries data should agree well
with those from research cruises.

FIGURE 12.—Changes in the size composition (sexes combined) .,
of Pacific ocean perch in commercial catches, 1956-73. N =

number of fish sampled.
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ANNUAL CHANGES IN SIZE AND
AGE COMPOSITION

Size Composition
Queen Charlotte Sound
The Washington State Department of Fisheries
has obtained size composition data on landings

from Queen Charlotte Sound since 1956. Collec-
tion of such data was limited and sporadic prior to
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1967, but a good series of data, taken over the
entire year, is available for each year during
1967-73.

Because a limited number of samples was avail-
able during 1956-66, it was frequently necessary
to pool data from adjacent years when examining
temporal trends in size composition. The results
(Figure 12) furnish the only available estimates of
the size composition of Pacific ocean perch in
1956-66 Washington trawl landings.

Collection of biological data was quite intensive
during 1967-73, and it was possible to make al-
lowances for the extensive seasonal changes in
length and sex composition that occur in Queen
Charlotte Sound. The Sound was treated as a
single geographic unit, but size composition was
determined separately for each of the four time
strata previously discussed (January-April, May,
June-August, and September-December). If few
landings were made in one of these strata, it was
combined with an adjacent stratum, and biological
data from the latter were used to represent it.
Table 4 shows the time strata used for each year’s
catch data, the landings in each stratum, and the
amount of biological data collected.

Males and females differ in relative abundance
and size composition, so they were treated sepa-
rately. Mean weights of males and females in each
time stratum were obtained by employing the

TABLE 4.~-Time strata used for analysis of 1966-73 size and
age composition data from Queen Charlotte Sound. Pacific
ocean perch catch by Washington trawlers (metric tons) and
amount of biological data collected in each stratum are also
shown.

- Number of
ngg‘n Origin of fish sampled for
Time trawl biological Length-

Year stratum catch data sex Age
1966 Sept.-Dec. 2,723 Oct.-Dec. 3,517 1,419
1967 Mar.-May 868 May 1,104 433
June-Aug. 2,817 June-Aug. 1,049 848

Sept.-Dec. 1,656 Sept.-Dec. 2,648 1,183

1968 Jan.-Apr. 220 Jan.-Apr. 1,470 680
May 842 May 1,310 506

June-Aug. 1,870 June-Aug. 1,165 608

Sept.-Dec. 1,855 Sept.-Nov. 3,041 1,011

1969 Jan.-May 687 May 648 298
June-Aug. 2,205 June-Aug. 2,461 698

Sept.-Dec. 2,099 Sept.-Dec. 4,255 714

1870 Jan.-May 546 Apr.-May 2,435 498
June-Aug. 1,749 June-Aug. 4,214 649

Sept.-Dec. 2,014 Oct.-Dec. 3,996 497

1971 Apr.-Aug. 1,446 May-Aug. 6,974 1,004
Sept.-Dec. 1,480 Sept.-Dec. 3,733 1,232

1972 Apr.-May a79 May 3174 887
June-Aug. 1,568 June-Aug. 7,337 2,587

Sept.-Dec. 1,417 Sept.-Nov. 4,434 1,321

1973 Mar.-Apr. 530 Apr. 2,940 942
May 244 May 1,201 398

June-Aug. 1,019 June-Aug. 5,058 1,658

Sept.-Dec. 472 Sept.-Nov. 2,303 803

length-weight relation (sexes combined) reported
by Westrheim and Thomson (1971), together with
the appropriate length frequencies in that
stratum. The number of males and females landed
in each stratum could then be estimated by divid-
ing total pounds landed by the mean weight of fish
in that stratum. These values were combined with
size composition data to obtain the number of fish
landed by time period, sex, and size group. Pooling

-these data by year and expressing the results in

terms of percent frequency yielded the results
shown in Figure 12.

Substantial quantities of large Pacific ocean
perch were present in Queen Charlotte Sound dur-
ing 1956-58. Subsequent changes in size composi-
tion reflect changes caused by the commercial
fishery and by recruitment of two strong series of
year classes. The first series of year classes was
centered around the 1952 year class and included
the 1951-53 brood years (Westrheim et al. 1972).
The presence of this series first became apparent
in the 1960-63 landings, when the modal size was
35 cm—corresponding to an age of about 10 yr. The
1952 year class series caused the modal size to
move progressively toward the right during
1960-70 (as its members grew in length), but
seemed to have little influence on size composition
in subsequent years. This is probably the cumula-
tive result of large fishery removals during 1965-
69, when the 1952 year class would have been
13-17 yr old.

A second series of strong year classes, centered
around the 1961 and 1962 brood years (Westrheim
et al. 1972) first showed up in the 1970 landings,
when there was a secondary mode at 34 cm. This
series of year classes came to dominate the land-
ings during 1971-73, since the abundance of older
fish had been drastically reduced by commercial
fishing. \

Washington-Vancouver Island

Size composition data from this region were
more limited than data from Queen Charlotte
Sound and it was never possible to analyze differ-
ent time strata separately. All size composition
data were summarized by year to produce the data
in Figure 12. Data from 1956 to 1965 were espe-
cially limited and size composition data from adja-
cent years frequently had to be combined. This
was done in such a manner that direct compari-
sons with Queen Charlotte Sound could be made.

Research surveys during 1965 (Westrheim
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1970) suggested that the 1952 year class domi-
nated here, as well as in Queen Charlotte Sound,
and the results (Figure 12) tend to support this
conclusion. The modal size was 35 cm for the
1960-63 period, and this corresponds to an age of
about 10 yr. The 1966-67 size composition data
also reflect the presence of a strong 1952 year class
series, but is is not possible to follow the series past
1967. Extensive fisheries removals during 1966-
68 resulted in sharply attenuated right-hand
limbs for 1968-73 size composition curves, and the
1952 year class series was presumably swallowed
up in these removals.

As in Queen Charlotte Sound, the strong 1961-
62 year class series first showed up on the 1970
landings, when there was a mode at 35 cm. Be-
cause the biomass of older fish had been drastic-
ally reduced by the extensive fisheries removals of
1966-68, these year classes dominated the catches
in the first year they appeared and in each sub-
sequent year.

Age Composition
Queen Charlotte Sound

Age composition data for the Washington trawl
landings from Queen Charlotte Sound have been
collected since 1966. A series of data taken over
the entire year is available for each year during
1967-73.

The procedure used to estimate the age composi-
tion of the 1967-73 landings was identical to that
employed in the section on size composition. The
number of fish landed in each time stratum was
combined with the age-frequency data for that
stratum to estimate the number of fish landed by
age-group, sex, and time stratum. Pooling these
data by year and dividing by the total Washington
trawl effort expended in Queen Charlotte Sound
yielded annual estimates of the number caught
per hour, by age-group, and of percent age compo-
sition (Figure 13).

The 1952 year class series was centered around
age 13 in 1965 and was almost fully vulnerable to
fishing when the Queen Charlotte Sound fishery
began its dramatic expansion. The camulative ef-
fects of the extensive removals of 1966-67 were
such that the 1951-53 year classes no longer domi-
nated the catches after 1967-68. The 1952 year
class series was exploited far more intensively
than preceding year classes, and by the time the
1951-53 year classes were 17-19 yr old, they were
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FIGURE 13.—Changes in the age composition (sexes combined)
of Pacific ocean perch in commercial catches, 1967-73. The
number of fish caught per hour is shown for each year, and the
1952 and 1961 year classes have been indicated by shading.

less abundant than the relatively weak 1948-50
year classes had been at corresponding ages. This
can be seen by comparing the abundance of 17-19
yrolds in 1970 (45 fish caught per hour) with their
abundance in 1967 (118 fish caught per hour).

During 1970 and 1971, recruitment of the
strong 1961 and 1962 year classes to the fishery
restored the abundance of Pacific ocean perch to
1967 levels (Figure 13) and the number of fish
caught per hour continued to increase through
1973. The condition of the QCS stock in 1973 was
far from satisfactory, however, since it was made
up of much younger fish than those characterlzmg
even the 1967 stock. ‘

Washington-Vancouver Island

No age composition data were available for
Pacific ocean perch catches from the WVI stock
until 1966, and it was not until 1967 that an
adequate series of age composition samples was
collected (Table 5). Age composition data on the
WVI catches were quite limited, so no attempt was
made to treat different time strata separately.

Age composition data for 1967-73 are remark-
ably similar to corresponding data from Queen
Charlotte Sound (Figure 13). The harvests of
1966-68 sharply reduced the biomass of the 1952
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TABLE 5.—Number of Pacific ocean perch from the WVI stock
sampled for biclogical data.

Year Length-sex Age l Year t.ength-sex Age
1966 581 216 1970 3,089 1,124
1967 1,020 707 1971 3,944 1,460
1968 912 502 1972 3,044 1,036

1969 1,213 296 1973 3,684 1,335

year class series, which would have ranged from
about 13 to 15 yr of age in 1966 and would have
been almost fully vulnerable to trawling. Re-
cruitment of the 1961 and 1962 year classes to the
fishery began to restore abundance (as indicated
by the number caught per fishing hour) to former
levels and, as of 1970, the WVI stock was on the
road to recovery. After 1970, however, the condi-
tion of the WVI stock followed an entirely different
course than the QCS stock.

Exploitation rates for the QCS stock were low
enough to allow an increase in abundance
(number caught per hour) during 1970-73 (Figure
18), as the 1960-61 year classes became fully
available to the fishery. Off Washington and
Southwest Vancouver Island, however, exploita-
tion rates remained at high levels during 1970-73,
and the 1961-62 year classes were cropped off as
soon as they recruited to the fishing grounds.
Abundance consequently declined during 1970-
73, opposite to the trend in Queen Charlotte
Sound. The abundance of fish 15 yr and older was
reduced below even 1970 levels, and 10 to 13 yr-
old fish dominated the WVI stock as of 1973.

RECRUITMENT TO THE FISHERY

Consideration of the length-maximum girth .

data presented by Westrheim and Nash (1971)
indicates that gear selection should begin at a
relatively small size. The internal (between-knot)
measure of the cod end mesh size commonly used
by Washington trawlers is about 3.25 inches (8.26
cm) and the smallest fish retained should have a
girth of 2 X 3.25 = 6.5 inches. This assumes that
escape is not facilitated by compressability on the
one hand and that the rigidity of the trawl meshes
does not hinder escape on the other. If these as-
sumptions are valid, and the girth at 50% reten-
tion is 6.5 inches, Westrheim and Nash’s results
show that the 50% selection length should be 24.5
cm,

A 25.4-cm fish would be too small for market
acceptance, but previous comparisons of Pacific
ocean perch size composition in research catches
and commercial landings (Gunderson 1972) have

indicated that 50% of all 32- to 34-cm fish on the
grounds are retained by Washington trawlers.
Virtually all fish 36 cm and larger are retained by
the fishermen. Reference to the age-length infor-
mation in Table 3 shows that the length at 50%
retention corresponds to an age of about 8 or 9 yr,
and that all fish older than 11 yr would be re-
tained. Slight between-stock differences in reten-
tion would be expected, owing to differences in
growth rate.

Despite the fact that all fish older than age 10
are vulnerable to the fishing gear in use, and large
enough that almost all are retained for market
sales, age composition data from commercial
catches (Figure 13) and research surveys (Gun-
derson 1974) show that recruitment to the fishing
grounds is not complete until much later than age
10. On the assumption that the modal age of the
catch lies near the first year in which recruitment
is complete, these data would imply that full re-
cruitment could occur anywhere from age 11 to 14.

The high variability in modal size is caused by
year to year variation in availability, year class
strength, and fishing mortality, and one way to
reduce its significance is to deal with long-term
averages of relative abundance. In order to do this,
arelative abundance index (U;) was calculated for
each age group using the 1967-73 age composition
data for the QCS and WVI stocks. This index was
calculated as: ‘

13 (_c_>
T . Teer\f /"

where U, = the relative abundance of the ith age-

= the number of fish in the ith

U"=

group and Q

age-group caught per hour. Percentage age com-
position during 1967-73 has been calculated from
these U, data and is shown by stock in Figure 14.

The results show that although the modal age in
both stocks is 11 yr, recruitment to the fishing
grounds is quite gradual. In fact, it is not until age
15 that the full force of fishing mortality seems to
be exerted on any given year class. Estimates of
the exact proportion of the fish in each age-group
that have recruited to the fishing grounds, and are
vulnerable to fishing, can be derived from U; val-
ues, starting with the relation:

Cl‘ = uVL-Ni

where C; = catch of fish in the ith age-group
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FIGURE 14.—Relative abundance of age groups 5-19 during
1967-73, for the QCS and WVI stocks of Pacific ocean perch.

u = exploitation rate
V, = proportion of population vulnerable
at age it
N; = total number of fish in the ith age-
group.

Similarly, Ciy1 = uV; 1 Nis1 = uVi1Nexp —(V;
F + M) if we assume that V; remains constant
throughout the year, and:

A v,
Ui+1 Viﬂexp —(‘/l F+ M)

Cin

This equation can be solved iteratively for V; if we
have estimates of F (fishing mortality). M (nat-
ural mortality), V;.,, and the ratio Uj/U,,,.

The estimates of Z (total instantaneous mortal-
ity) and F were derived directly from the data in
Figure 14. Trends in the relative abundance of
15-19 yr olds were quite similar in the QCS and
WVI stocks, and Z was estimated by fitting a
common regression line to the data for both stocks.
The resulting regression equation for 15-19 yr olds
was:

log Y = 7.4157 — 0.3456X,

where Y =relative abundance during 1967-73,
382

FISHERY BULLETIN: VOL. 75, NO. 2

expressed as percent frequency
X = age in years.

The slope of this line (0.35) was used to repre-
sent Z for fully recruited age-groups. This was
then separated into /' and M by assuming a known
value for M.

Estimation of V; schedules began by assuming
that the vulnerability coefficient for 16 yr olds
(V,¢) was 1.0. Using the QCS data, and M = 0.12
for example:

Uss _ 131 - Vis
U 1.0 exp —(0.23 V,, + 0.12)

By iteration, it was determined that V5 = 0.94
and this value was used to determine V,, from:

U _ 114 = Vi
U, 0.94 exp —(0.23 V,, + 0.12)

Again this was solved iteratively, giving V,, =
0.79. Proceeding backwards, the vulnerability
coefficients for Queen Charlotte Sound were esti-
mated for all age-groups 10 and older. The calcula-
tions could not be carried past age 10, since
younger age-groups may be subject to substantial
rates of discard by fishermen.

Estimates of the Vischedules for both the QCS
and WV1stocks are shown in Table 6, Calculations

TABLE 6.—Proportion of Pacific ocean perch population vulner-
able to fishing, by age-group and stock.

Stock M 10 11 12 13 14 15 16
acs 012 032 045 053 062 079 084 1.00
015 030 043 052 061 078 094 1.00

Mean 031 044 053 062 079 094 1.00

wyi 012 036 053 064 069 075 087 1.00
015 034 051 063 068 075 087 1.00

Mean 035 052 064 069 075 087 100

were carried out for M = 0.15, F = 0.20 as well

as for M = 0.12, but this had little effect on the
estimates of vulnerability. The geometric means
of the vulnerability coefficients obtained by as-
suming different values of M have been plotted
graphically in Figure 15 and suggests that the
proportion recruited to the fishery is a linear func-
tion of age. There is no obvious reason why this
should be so, however, and no attempt was made
to fit a straight line (or lines) to these data, or to
extend the relationship to fish less than 10 yr old.
The geometric means of the V, estimates were

used directly in all later work. ’
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FIGURE 15.—Estimated proportion of each age group recruited
to the fishing grounds, for the QCS and WVI stocks of Pacific
ocean perch.

MORTALITY

All estimates of Pacific ocean perch mortality
rates depend on a knowledge of the age structure
of the population. Virtually all fish caught die
from the effects of decompression, so that no suc-
cessful tagging studies have ever been carried out.

In this section, data on number caught per hour
by age-group were used to estimate the survival of
14- to 18-yr-old Pacific ocean perch in year n to
ages 15-19 in year n + 1, or to ages 16-20 in year
n + 2. These age-groups were chosen so as to strike
a balance between problems with incomplete
recruitment on the one hand and age determina-
tion problems on the other. Previous analysis has
suggested that recruitment is not complete until
age 16, about the same time that age determina-
tion becomes difficult (Table 7) and the ages
of some individuals are presumably underesti-
mated. No age-groups older than 20 should be
included in survival estimates, and restricting
mortality estimates to fully recruited age-groups
(16-19 yr olds) could result in underestimation of
survival rates. Inclusion of the incompletely re-

cruited 14 and 15 yr olds offset this to some degree
and had the additional benefit of basing the sur-
vival estimates on five age-groups rather than
three.

All survival estimates were expressed on an an-
hual basis (S), and then used to estimate Z. On the
assumption that M is density independent and
that F is a linear function of total hours trawled,
the model Z = gf + M, where ¢ = proportion of
population caught by trawling 1 h and f = mean
annual number of hours trawled, was employed.
Linear regression of Z on f yields estimates of g
and M where the model is appropriate. ‘

Total international fishing effort (f) was esti-
mated by dividing the total international catch in
a given year by the corresponding CPUE for the
Washington trawl fleet (after Gulland 1969). The
value of f was obtained by averaging f over the
years that each estimate of Z pertained to.

Queen Charlotte Sound

Calculation of total international fishing effort
is outlined in Table 8. The 1967-72 Soviet catch
data for the INPFC Charlotte area was taken from
unpublished analyses by T. A. Dark and N. B.
Parks. These data were derived from analysis of
fleet location and catch by quarter and give the
most detailed breakdown of the Soviet catch that
is currently available. Soviet catch estimates for
1965, 1966, 1972, and 1973, as well as all Japanese
and North American data for the years 1963-73,
were derived from Westrheim et al. (1972) and a
recént update of that report.

Estimates of Z are plotted against mean inter-
national fishing effort (Table 8) in Figure 16 and
the results indicate that the information collected
so far can provide only tentative estimates of M.
Pacific ocean perch vary widely in their availabil-
ity to on-bottom trawls and the CPUE indices used
in mortality estimation are consequently suscep-

TABLE 7.—Daviations of Canada’s final otolith readings from those of United States, by age-group, for a collection of
Pacific ocean perch from Queen Charlotte Sound, June 1972.!

Deviations

from 10 11 12 14 15 16 17 18 19 20 22 25 Total Per}
Washington 1 2. 3 4 8 6 7 8 9 otal cen
—_—— - = = = = - - - — — 2 1 — 3 36

; __ _—__—
+i e e e = = = = — — — 1 — — 2 1 4 48
+3 e et e e - = = — = — 1 = = — 1 = 2 24
i __ - T - -1 -1 === 2 — 1 — — — 5 80
+1 —— m e e e e = = — 3 1 1 2 — 1 — — —~ — — 8 95
[} 611 10 4 4 3 1+ 3 2 9 4 — — — 2 — — — — -— — 5 702
-1 e - = —= 1 1 — = = — — — — — —~ — — 3 138
Total 6 11 404 5 8 1 3 3 11 7 2 1 2 2 4 1 1 2 4 1 84 1004

18, J. Westrheim and W. R. Harling. 1973. Report on the 1972 comparison of Pacific ocean perch otolith and scale interpretations.

Unpubl, manuscr., 24 p.
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TABLE 8.—Calculation of total international fishing effort for Pacific ocean 097
perch in Queen Charlotte Sound and the INPFC Vancouver area. %8-69
] ~ Total 081
Catch (metric tons) cv,!ﬂsé"{:f,’giﬁc mteg;fag:? nal
Year 