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ABSTRACT· 

The Pacific ocean perch (Sebastes alutus) is an important commercial 

fish of the North Pacific Ocean and Bering Sea. Commercially exploitable 

populations extend from Kamchatka through the Bering Sea and along the 

Aleutian Islands to California. Heavy exploitation of the stocks off 

North America began around 1963, principally by stern-ramp trawlers of 

the Soviet Union and Japan. The original catchable biomass of the species 

off North America appears to have been about 3.5 billion pounds, an~ th 

stocks as of 1969 seem to be about 40% or less of the original biomass .. 

Fishermen of all the nations that have participated in the fishery complain 

of stock depletion. Because the fishery has significantly reduced the 

proportion of large fish in the populations and fecundity increases 

at a much faster rate than length or weight in the species, a severe . 
drop in fecundity of the populations is hypothesized. If the prerecruit 

populations do not compensate for the lower fecundity through increased 

survival and growth, a further deterioration in stock may begin in 1975. 

Catch levels have substantially exceeded the only published values for 

maximum sustained yield almost every year since 1964. There seems to 

be little hope for a moratorium on the fishery for the extended period 

that would be required for this slow-growing species to recover. Ecological 

replacement by faster growing and perhaps less desirable species is 

possible. 
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REDUCTION IN STOCKS OF THE PACIFIC OCEAN PERCH, 
AN IMPORTANT DEMERSAL FISH OFF ALASKA 

Jay C. Quast 
Bureau of Commercial Fisheries 

Biological Laboratory, Auke Bay, Alaska 

INTRODUCTION 

The 1960's saw the appearance and rapid expansion of trawl fisheries 

off Alaska. By the middle of the decade large fishing vessels and. their 

associated supply craft were a familiar sight from Attu and the Pribi10f 

Islands to Dixon Entrance. Today, we have slight justification for the 

concept that these demersal fish resources are untouched and capable of 

vast expansion, for the continental shelf and slope of Alaska are fished 

and exploited as heavily as many of the traditional fishing regions of 

the world. Alaska once had a large trawl fishery resource near her shores 

and may yet have moderate stocks, but the outlook for the future is not 

encouraging. 

This paper investigates one demersal fish resource found in Alaska, 

the Pacific ocean perch (Sebastes alutus). and offers some speculation 

about its future. The purpose is to present general information on the 

fishery and to point out the need for conservation. Detailed analyses 

undoubtedly will modify much that is presented here, but such analyses 

lie a considerable distance in the future and there is need for presentation 

of general data now. 
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Several characteristics of the trawl fishery off Alaska should be 

emphasized. It exploits species that not only are largely dependent on 

the continental shelf and slope in their life history but also are limited 

to the shelf in their distribution--thus they are de facto if not de jure 

creatures of the continental shelf. Often the young of the species are 

dependent on shallow inshore waters. Also, the fishery has been pursued 

almost exclusively by foreign powers, principally the Soviet Union and 

Japan. Most important, the fishery is regulated for conservation by no 

one. Since the majority of demersal fish resources of Alaska lie beyo~d 

the l2-mile limit, they are in legal limbo--they are, in effect, a commons 

where one nation that may restrict its fisheries for purposes of conservation 

may see another remove everything it can capture. 
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CHARACTERISTICS OF THE SPECIES 

The Pacific ocean perch is a cold-water representative of the 

scorpionfish family, Scorpaenidae, a family of several hundred species 

which has representatives in nearly all tropical to boreal marine shelf 

regions of the world. Species of the family are important as food 

throughout the fami1y's distribution, but two similar species (one may 

be a species group)--one in the Atlantic and one in the Pacific--ec1ipse 

all other scorpaenids in commercial importance. The Atlantic species 

(or species group) is known as the redfish or Atlantic ocean perch, from 

which the name of the Pacific counterpart was derived. 

Commercial operations for the species extend from the Pacific and 

Bering Sea coast of Kamchatka (Paraketsov, 1963), along the Aleutian arc, . 
in the eastern Bering Sea, throughout the Gulf of Alaska, and into California. 

The standing stock off the shores of Alaska and British Columbia before 

the start of the stern-trawl fishery in 1963 evidently was very large. 

In Alaska the species occurs over the breadth of the continental shelf 

and in the upper regions of the continental slope. Juveniles are abundant 

in fiords, and evidently migrate to offshore regions when they mature. 

The ecology of the adults is poorly defined. They occur in abundance 

over a variety of substrates, including clay and jagged rock, and the 

regions of abundance may be determined more by food and hydrographic factors 

than substrate, as Pereyra suggests.!! 

lIpersonal communication, Walter T. Pereyra, Deputy Base Director, U.S. 

Bureau of Commercial Fisheries Exploratory ~ishing and Gear Research 

Base, Seattle, WashinQton. 
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The species apparently feeds on the same or similar organisms 

(plankton and micronekton) as whales (Lyubimova, 1965). It is ovoviviparous, 

i.e. the eggs are fertilized internally and hatch internally (the young 

are released in the spring as la-rvae). It occupies a wide range of depths 

on the continental shelf and slope (cOiTTIlercial quantities generally occur 

between 60 and 250 fathoms), and dense schools of the species may rise 

700 feet or more off the bottom. The maximum size is about 17.S inches 

and 4.5 pounds (Alverson and Westrheim, 1961). 

Perhaps the most important characteristic of the species from 

the standpoint of this paper is that it grows slowly. Our data indicate, 

for example, that fish from the western Gulf of Alaska grow about 1.S 

inches per year for the first 6 years and about 1/3 inch per year during 

adult life; that maturation is delayed until the Sth-6th,year.; that full 

recruitment is delayed until about the 10th year; that natural mortality 

is low and age may reach -or exceed 30 years; and that fecundity increases 

much faster than weight as the fish grows. 
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DEVELOPMENT OF THE FISHERY 

Pacific ocean perch did not attract serious commercial attention 

off Alaska until about 1963. Around then, the Gulf of Alaska was being 

explored by vanguards of the long-distance trawl fleets soon to be dispatched 

by the Soviet Union and Japan. The principal fishing vessel in the 

fleets was the stern trawler,~ and the catch usually was filleted and 

frozen in blocks. This foreign fishery has continued up to the present. 

The North American counterpart in the fishery has been minor--a few 

small Canadian and American vessels that are incapable of processing 

the catch at sea. However, recently an American stern-ramp trawler, 

the Seafreeze Pacific, began trial fishing off Washington and British 

Columbia and in the Gulf of Alaska. Chitwood (1969) gives a summary 

of recent Japanese, Soviet Union, and South Korean fisheries off Alaska. , 

~The stern trawler, or more descriptively "stern-ramp trawler," 

is similar to the stern-ramp factory ship used for whaling. The net and 

catch is hauled aboard over a ramp or chute in the stern. This arrangement, 

coupled with the relatively large size of the vessel, enables fishing and 

processing of the catch in nearly any state of seas or weather. The 

stern-ramp trawler was introduced and became popular in 1950; its abilities 

for long-distance operations helped open the fishery resources of Alaska1s 

continental slope and shelf to foreign exploitations. Hitz (1968) presents 

a summary of statistics on Russian vessels, complete with drawings. 
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The fishery first developed in the Gulf of Alaska around the 

Shumagin Islands and Kodiak Island, but by 1967 it embraced the full 

extent of the Gulf of Alaska and Ber'j ng Sea as Vie 11 as the waters off 

Washington and Oregon. Fishing by North Americans, in contrast, has been 

limited to regions off British Columbia and southward through Washington 

and Oregon. 

In 1967 persistent reports of declining catches and of increased 

difficulty in locating fish in the Gulf of Alaska began to be heard. The 

gulf fishery had generally developed in a clockwise fashion along the 

perimeter from the Shumagin Islands region to British Columbia and farther 

south to the Pacific Northwest. With elimination of virgin territory, 

some vessels doubled back to rework the northern Gulf of Alaska and, 

expectedly, had poorer su~cess. In 1968 the scientists of one nation • 

unofficially claimed that the stocks were overfished. 
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THEORETICAL CHANGES IN STOCK COMPOSITION 
AND DENSITY DURING EARLY STAGES OF THE FISHERY 

The discussion that follows is princ·ipa.lly in terms of catch curves 

(size or age frequencies of specimens landed by commercial fleets), which 

are assumed to be reasonable indicators of age composition and relative 

abundance by age in the fished population. Where virgin stocks are 

represented, conditions outlined by Ricker (1958) are assumed to apply, 

i.e. a uniform survival rate over the age' group, which has not changed 

with time, and equal recruitment of the age groups. Where exploited stocks 

are considered, the rate of natural mortality is assumed to remain the 

same; for purposes of discussion, equal recruitment is assumed in the 

early stages but not necessarily in the later, as is discussed below. 

In the unexploited state, the Pacific ocean perch probably had 

saturated its habitat and was at the highest attainable density per unit 

area. The forces for population expansion were balanced by limiting forces 

of equal effectiveness. The population contained its maximum number of 

age classes and undoubtedly was in the most stable state, both in numbers 

and in ability to compensate for adversity. Catch curves from the earliest 

part of the fishery generally reflected the large number of age classes in 

the population; the right limbs of the curves generally were shallow and 

extended to near the maximum recorded age (or size) of individuals. With 

fishing, however, the right limb of the catch curve steepened and the 

distribution under the curve moved closer to the size (or age) of recruitment. 
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Two catch curves obtained by U.S. observers, one relatively early 

in the fishery and one much later, are shown to illustrate the population 

trends that would be expected and seem to have occurred (Figure 1). In 

both, the frequencies of all age classes have been standardized in terms 

of 100 recruits at age 10,~/ which appears to be the age of full recruitment 

tu the fishery. The average slope of the first curve (from data of 1964), 

which was computed for the entire right limb by the method of Robson 

and Chapman (1961), resembles equilibrium conditions under an annual 

mortality rate of 0.16. Because the first curve probably represents 

near virgin stocks, 0.2 (0.16 rounded to one decimal) is taken as the 

approximate rate of natural mortality for further calculations. The second 

curve (from data of 1967 and 1969)EJ is much steeper and is what might 

be expected under equilibrium conditions in a population undergoing an 

annual mortality rate of about 0.4.§J The two curves reflect in part 

the general change in stocks that has been observed in the field--a lower 

density of fish on the grounds, smaller average size, and rapid disappearance 

of the older, larger fish. The vagaries of the two curves, including 

the mode near the toes, are unexplained. For purposes of further discussion, 

I have generalized the two cur'ves and computed one that represents the 

results of constant recruitment and natural mortality only, here taken 

as 0.2, and one that might be expected to develop under the total mortality 

of a sizable fishery, here taken as 0.4 (Figure 2). 

~Age 10.5 is used as the age of recruitment in Figure 1 because 

the data were gathered principally in the summer. 
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~Age at full recruitment was estimated by conversion of length-frequency 

modes of catch curves with an age-length key. The key was constructed from 

growth factors estimated by back-calculation from scales of 257 specimens 

from the Kodiak Island vicinity (details to be published by the Auke Bay 

Biological Laboratory). Modal length for western Gulf of Alaska samples 

as graphed by Lyubimova (1965) seems to be near 28 cm; nearly all of 

those for the western and central Gulf of Alaska graphed by Westrheim 

(Fish. Res. Bd. Can., Nanaimo Sta., Tech. Rep. 812,1965, unpublished) 

approximate 30 em; and a generalized graph for landings at Vancouver, 

British Columbia, (also by'Westrheim) shows a mode greater than 35 cm. 

Our data for the western and central Gulf of Alaska agree with Westrheim1s. 

The reasons for discrepancies with Lyubimova are unknoWn. For purposes 
• 

of this paper, 30 om is taken as a representative length at full recruitment, 

and our data for the Kodia~ .Island populations indicate that this size 

is attained at about 10' years. 

~Frequencies for 1967 and 1969 were combined because of relatively 

small samples (542 and 193) each year. No data were available for 1968. 

§lyet , since the second curve represents populations sampled only 

3-5 years after the first, too soon for establishment of an equilibrium, 

it does not represent equilibrium conditions but rather a mortality greater 

than 0.4. 
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As a further consideration in · the evolution of the fishery from 

the virgfn to the exploited state, diagrams representing two possible 

successive phases in age composition of the fished populations are introduced 

- (Figure 3). Both phases- represent- a period of time equivalent to the time 

to recruitment--about 10 years in Pacific ocean perch. Phase I occupies 

that period from the start of the fishery to the time when the recruits 

are no longer from unexploited spawners, from time 0 to time 10 in our 

example. The catch curve steepens during this period because the recruitment 

rate remains roughly constant while the postrecruits become progressively 

less abundant due to the- cont>ined effects of natural and fishing mortality. 

Phase II begins at time 11. when recruits are progeny of exploited spawners, 

and starts w1th the steep terminal curve of Phase 1.7/ 

lilt must be rement>ered. however. that the two phases are an art1fact 

caused by limitations of the available data on Pacific ocean perch. Because 

the infonmat10n on age class abundance was gained completely from the 

fishery. our system for evaluation is blind to the abundance of prerecruits 

and we must wait a m1nimum of the time to recruitment, in this instance 

about 10 years, to evaluate the effect of a fishery on production of an 

age class. Such a long delay in feedback of information points up the 

importance of an adequate program for sampling prerecruits. especially 

when managi.ng slowly matur1.ng spec1es. 
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Although the catch curve would have a steep right limb at the 

termination of Phase I, it would become flatter during Phase II if 

recruitment declined. One cause·of a decline in recruitment could be a 

loss in the fecundity of parental populations during Phase I that was 

not fully compensated by increased growth and survival of prerecruits. 

Fishing of prerecruits should affect both stages more or less equally, 

and a drop in prerecruits at the onset of Phase II should not be attributable 

to this cause unless fishing techniques or gear changed markedly. If a 

decline in recruitment occurs during the onset of Phase II, it indicates 

that compensator,y mechanisms in the stock are not operating fully and 

that a further and continuous decline is possible. A decline in the 

rate of recruitment would produce a flatter catch curve. with the 
• consequence that samples from the populations would show an increase in 

average size and average weight over samples taken at the end of Phase I 

when the proportion of recruits to adults is highest. During this 

transitional stage the increase in average size and weight combined 

with a catch curve flatter than that at the end of Phase I could mislead 

the uftWar,y into believing that conservation measures were successful 

and that . stock conditions had improved. Thus, although catch curves 

are of possible utility during Phase I, they are of questionable utility 

for Phase II unless tied to reliable data on density for both phases. 
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Recruitment level is an important si ngle index of the adequacy of 

species compensatory mechanisms to fishing Clnd the adequacy of conservation 

measures. Perhaps fishery managers are son'etimes too willing to accept 

a priori the concept that survival and ~ rowth will adequately compensate 

for loss in reproductive potential of a stock. Ho~ great a loss can the 

species tolerate? For example, general population changes of Pacific 

ocean perch as i ndi cated by the catch curves of Fi gUI'e 1 and by data on 

growth, wei ght, and fecundity from our research dnd from the 1 iteratur.e 

indicate a loss of approximately 50% in numbers of fish. The accompanying 

change in average length should amount to only about 5% and average weight 

to only about 16%. But in combination, the fewer fish Rnd the smaller 

average size result in a population on the grounds with only about 42% 

of the original biomass. The loss in fecundity is estima~ ed to be about 

64%.§V These estimates could be too conservative, for reasons discussed 

below, and the actual loss in fecundity could be considerably greater. 

~Based on length-fecundity data from the Bering Sea (Paraketsov, 

1963). If the length-fecundity relationships of Jl.lverson and Westrheim 

(1961) for stocks off Washington and Oregon are used, the loss would 

be greater; if the length-fecundity relationships for the western Gulf 

of Alaska (lisovenko, 1965) are used, the loss would be slightly less. 
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The relatiqnships between fecundity and length in fishes do not 
I 

seem to be extensively considered in the literature on population dynamics. 

The prevalent assumption appears to be that fecundity is somewhere between 

a linear and a cubic function of fish length, depending on the species 

(e.g. Beverton and Holt, 1957; Ricker, 1958; and Gulland, 1967). Quast 

(1968) noted that the relationship is definitely greater than cubic 

for most sizes of adult kelp bass (Paralabrax clathratus)~ and Alverson 

and Westrheim (1961) gave a length-fecundity exponent of 6.3 for Pacific 

ocean perch off Oregon and Washington. Recalculation of the data of 

Paraketsov (1963) leads to an exponent of 5.2 for Pacific ocean perch 

in the Bering Sea; Lisovenko (1965) gives an exponent of 5.3 for the 

western Gulf of Alaska. Thus, it appears that the length-fecundity 

relationships are well in excess of cubic in rockfishes and possibly 
, 

also in numerous other fish species. As an example of the errors that 

might be involved in equating fecundity with body weight (or the cube 

of body length), comparisons are presented of hypothetical fishes whose 

fecundities are the same at first maturity but are increased at the 

3.1 and 6.3 powers of body length (Table 1). According to these relationships, 

large Pacific ocean perch are much more important in the reproduction 

of the species than their size or weight would first indicate. Consequently, 

reduction in standing stock may have a depressant effect on reproduction 

of the species well beyond the proportionate change in biomass. 
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Summarizi,ng this view of the first phase of exploitation of Pacific 

ocean perch, it a~pears that annual natural mortality in the original 

unfished popul~tions was 0.2 or l~er; recent catch c~rves give the picture 

of an annual total mortality of about 0.4. ,If growth rate and age of 

recruitment from 9ur research are used, a simple population model may 
I 

be drawn to represent the resource at the beginning and end of its first 

phase of exploitation. The first phase is characterized by the original 

level of recrui~nt but decreasing numbers, weight, and fecundity of . 

the population. Without adequate compensation for the loss in fecundity, 

further decline in stock m~ ~ccur during the next phase of exploitation. 

Such a decline sefms possible because of what seems to be a severe loss 

in fecundity duri.hg Phase I. Calculations of theoretical average length 

and weight of fish in the populations demonstrate that the decrease 1n 

these me~sures mirht be mislea~ing1Y small during Phase I and that the 

measures may evenl increase somewhat during Phase II, while the stocks 

continue to deteriorate. 
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ESTIMATED DECREASE IN CATCHABLE BIOMASS 
AND COMPARISON WITH LOWERED CATCH PER UNIT EFFORT 

The Originjl size of catchable biomass of Pacific ocean perch off 

western North America was estimated by Alverson, Pruter, and Ronholt 

(1964) as 1.16 billion pounds (580 X 103 tons), but they did not include 

estimates for stocks in the eastern Bering Sea or along the Aleutian 

Islands. Later, Alverson (1968) increased the estimate of total biomass 

to 2.76 bi 11 i on pounds (1,300 X 103 tons). Although the ea-s tern Beri ng 

Sea is included~ this estimate also seems to omit the region of the 

Aleutian Islands. For this reason, and others mentioned below, I have 

arbitrarily increased Alverson's estimate to 3.5 billion pounds (1,750 

X 103 tons). 
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The available estimates of original catchable biomass, growth rate, 

original age composition of stocks, natural mortality, and total removals 
I 

by the fishery enable construction o(an evolutionary mode.l for the changes 

in the catchable stocks during most of Phase I. The following assumptions 

are employed: 
I 

1. Original catchable biomass was about 1,750,000 tons (3.5 billion 

pounds) . 

2. Annual natural mortality rate is near 0.2, calculated from 

catch curves oblained in newly fished areas of the Gulf of Alaska in 

1964. 

3. ~ge COTPosition of the stocks in 1963 was in equilibrium at 

an annual natural mortality rate near 0.2. 

4. Growth rate approximates that obtained from back-calculated 

data from the Gulf of Alaska (unpublished). 

5. All daia on catch apply to the species Pacific ocean perch. 

6. Total catch as reported by Alverson (1968) is a reasonable 

estimate. I 
7. L~ngth~weight relationships for the average size of males 

and females off Alaska are essentially as reported by Alverson and 

Westrheim (1961? 

8. Recruitment will remain at almost the same level throughout 

Phase I. 

9. RemovalS due to natural and fishing mortality in the model 

are representat ve if they are extracted from the theoretical biomass 

at midyear. 

J 
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10. Fishing and natural mortality operate equally on all ages 

of recruited fish. 

11. Recruitment 1s complete at the beginning of the calendar year. 

12. Fishing for the species before 1963 was negligible. 

These data and assumptions were used to construct a second simple 

scaled-down model based on an original population in equilibrium with 

100 recruits annually and an annual natural mortality of 0.2 (Table 2). 

An estimate of the original weight of each age class was available from 

the expected frequency of each age class and an age-weight key--a sum 

of these age class weights gave the model's original biomass value. Biomass 

of the model was then taken as a proportion of the original estimated 

biomass of the stocks (1,750,000 tons), in this instance 1:0.272 X 10-3; 

and the annual catch, mostly. from Alverson (1968), was scaled down accordingly 

to compute fishing mortality. Evolution of the biomass was then computed 

year by year on the basis of midyear values of the age classes (computed 

by multiplying the theoretical age frequencies by the midyear weight 

at that age--and assuming that the original weight-length relationships 

held during this period). Fishing mortality was obtained by comparing 

the estimated annual weight loss of the model population due to natural 

mortality with the scaled-down value for the total catch for the year. 

The estimate of combined annual natural and fishing mortality was then 

used to calculate the age frequencies remaining at the year's end and, 

subsequently" next year's biomass before receiving recruits. Finally, 

when all values were computed in the model, it was rescaled to the original 

dimensions. 
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Of particular interest is the slow initial drop in biomass at midyear 

(and year's start), the rapid intermediate drop~ and the slow final drop 

(see also Figure 4). The biomass at year's start (before receipt of 

the year's recruits) shows a much steeper drop over 1963-69 (to 30%) 

than the biomass at miqyear (to 40%)--the difference within each year 

represents the addition of recruits plus growth to midyear of the population. 

Differences between columns in succeeding years demonstrate additional 

dependence on recruits in each succeeding year's fishery. Also noteworthy 

is the considerable lag in change of fishing mortality behind the level 

of removals--the large removals of early years are balanced by a high 

biomass and therefore the annual rate of fishing mortality is relatively 

low, but in later years, even relatively small removals give a substantial 

fishing mortality because of the substantially lower biomass of the 

fished stock. 
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Annual biomass as predicted by the model forms a sine-shaped curve 

and makes an interesting comparison with catch per unit effort of a 

segment of the Gulf of Alaska fishery for which we have data (Figure 4). 

Nearly all of the CPUE (catch per unit of effort) indices are substantially 

higher than the stock indices, and the mode of the CPUE indices is displaced 

to the right. Several factors seem responsible for this contrast: 

1. Our values for CPUE are derived from a segment of the entire 

fishery for Pacific ocean perch. The segment was exploratory and 

experimental during the early years; hence CPUE would be expected to 

start low and improve somewhat, i.e. follow a learning curve at the 

outset. 

2. Apparently, concentrations of Pacific ocean perch were still 

available in nearly their original densities as late as 1966. , 

3. Available data on CPUE give only the effort expended in trawling, 

not search time. Usually schools of Pacific ocean perch are visible on 

standard electronic fish-finding gear and the trawl is not lowered until 

a catch seems likely. Since search time has increased in recent years 

(verbal communication with vessel personnel) but is not included in the 

data, the lower values for CPUE actually represent a decline in size or 

density of the most desirable concentrations of fish that are available. 

Thus, the terminal indices of the curve for CPUE probably are overly 

optimistic, and the stocks are in a considerably poorer condition than 

is indicated by this index. 
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DEFICIENCIES IN THE POPULATION MODEL 

Possible important deficiencies in the simple population model 

include errors in estimating original biomass or catch an~ in estimating 

rates of recruitment, growth, and mortality. Undoubtedly, some of these 

deficiencies -have been included, but the results appear to be in general 

agreement with catch curves and trends in CPUE from the fishery. 

1. Errors involving original biomass or catch. 

a. Estimates too high: Possibly the 26% increase in estimated 

original catchable biomass over the estimate of Alverson and Pereyra 

(1969) is unjustified. If so, the model's mortality rates due to fishing 

should be increased and the midyear Phase I asymptote of 1969 should 

be lower than 40% of the original biomass. The effect may be compounded 

because both a decrease in original biomass and an increasi in mortality 

would be involved. An additional possible error in this direction involves 

the characteristic that commercial catch data listed as Pacific ocean 

perch often include varying proportions of other rockfish species. The 

content of Pacific ocean perch in actual cat~hes, although normally , 
high, is known to change geographically, and probably also has changed 

with evolution of the fishery. Satisfactory correction of the data 

in this regard appears to be impossible. 
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b. Estimates too low: Schools of Pacific ocean perch often extend 

for considerable distances vertically in the water column and far beyond 

the vertical opening of a bottom trawl. Also, the proportion of available 

species biomass that is actually in the path of the net but not taken 

is not known. In addition, densities of stocks were not known for grounds 

that were difficult or impossible to trawl and estimates were extrapolated 

from densities on trawl able grounds. Quite possibly the populations 

were more dense in the regions that could not be sampled. Each of these 

factors would produce a serious underestimate of original biomass on 

the grounds unless suitably corrected. Alverson and Pereyra (1969) 

discuss the problem but use a catchabi1ity coefficient of 1.0, i.e. do 

not correct for the above in their estimates. Possibly the catchability 

quotient should be reduced by at least 1/2 in actual practic~, but the 

estimates of original biomass would still require correction for different 

densities on "untrawlable" grounds. 
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2. Improper recruitment rate. 

Very probably the recruitment rate used during Phase I in the model 

is too high. A sizable proportion of catch curves taken during the 

fishery indicate that fish younger than l~ years of age are also taken 

in considerable quantity by the fishery. Thus, the proportion of 

recruit-to-adult biomass is too high in nearly all of the hypothetical 

annual populations and fewer recruits are entering the population than 

shown. The population model gives a too optimistic view in this respect; 

allowance will lower the yearly estimates of biomass at miqyear, increase 

the value for rate of fishl.ng mortality, and lower the level of the Phase 

I asymptote at mlqyear below 40%. 

3. Erroneous estimates of growth. 

Although the length-weight relationships used are for stocks near 

Washington (i.e. are from Alverson and Westrheim, 1961), growth rates 

are calculated from populations near Kodiak Island (unpublished). The 

Kodiak fish appear to be representative of populations from the Aleutian 

Islands Chain to Yakutat in respect to growth, and the data seem reliable. 

The consequences of possible errors in computing growth rate, while 

important, seem minor compared with those for other errors in the model 

and adequate for present purposes. Increased rate of growth possibly 

may be a response of the stocks to thinning, but this effect, if it 

occurs, should manifest itself to the greatest degree during later stages 

of Phase I and during all of Phase II. 
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ESTIMATES OF MAXIMUM SUSTAINED YIELD 

The sole published estimate for maximum sustained yield of Pacific 

ocean perch appears to be that of Alverson and Pereyra (1969). They 

gave 138,000-276,000 tons per year for the region off western North 

America but stress that this estimate is tentative and is based on empirical 

relationships from other heavily exploited commercial species; they caution 

against too literal application of the estimate. Although the authors 

do not list the species to which the data apply, probably these species 

differ considerably in ecology and life history from Pacific ocean perch-

especially in regard to the time required for a life cycle. Basically 

the model given by Alverson and Pereyra states that the population probably 

is at a level of maximum sustained yield when yearly extractions by the 
• 

fishery are at a rate of about 1/2 what the stock lost by natural mortality 

in the natural state.~ Although it is difficult to conceive how this 

hypothesis can be tested in a reasonable length of time for Pacific ocean 

perch, on a priori grounds at least, it seems that a harvest at this 

level would certainly be within the abilities for compensation of the 

species, and hence would conserve the species. The catch level would 

be around the lower limit of the range, 138,000 tons per year, if an 

instantaneous natural mortality rate of 0.2!Q! is used--and this value 

seems reasonable, as discussed above--or approximately 193,000 tons per 

year if the higher biomass value of the present paper is employed. In 

either instance, removals by the fishery have substantially exceeded 

these limits and the resulting effective annual mortality rate due to 
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fishing has approximated or substantially exceeded the natural mortality 

rate since 1964 (Table 2). Today, most of the recent indicators of stock 

condi t ion in Pacific ocean perch make detailed speGul~JQn on maximum 

sustained yield seem academic. The recommendations of Alverson and 

Pereyra seem a reasonable first step toward conserving the resource. 

2iA possible built-in safety factor to the Alverson and Pereyra 

estimate would be that the effective fishing mortality (last column of 

Table 2) not be allowed to exceed this fixed value in any year. 

!Q/Equ;valent to an annual rate of 0.2. 
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FUTURE OF THE FISHERY 

The evolutionary model used here suggests that the harvest of 

Pacific ocean perch off Alaska now is near an asymptotic level. 

Because of the reduced yield per unit effort, it seems unlikely that 

the stocks will be fished to a substantially lower level during Phase I. 

However, Phase II should start around 1975. If the evolutionary model 

is representative, the beginning of Phase II should be indicated by a 

drop in the rate of recruitment. If the drop in recruitment is serious 

and a modest fishery continues on the depleted stocks that remain after 

Phase I, the future of the resource is seriously in doubt. Of course, 

the drop in recruitment would not be proportional to the decrease in 

fecundity of the parental stocks. However, since the loss in fecundity 

appears to be considerable, at least 64%, there is a distipct possibility 

that such a loss will not find compensation. Complete compensation 

would , be required to sustain the asymptotic population level of Phase 

I during Phase II even if fishi.ng pressures were only moderate. If 

fishing ceased entirely, which seems unlikely, several decades would 

be requi red for moderate recovery. Number of recrui ts is a key factor 

and should be watched closely. 

.' . . " .... ':."' .. 
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A moratorium, or at least severe restrictions, on the fishe~ for 

Pacific ocean perch would involve international cooperation. Without 

restrictions, we may expect that the stocks will be taken to the lowest 

level of economic yield of .the nation that is able to fish most cheaply. 

Even if all catch of the species is restricted, however, enough of the 

depleted stocks may be taken incidentally by other fisheries to prevent 

recovery. Obviously, there is a serious need for multispecies management, 

or even management of the entire ecosystem of fishery production, at 

the international level. 

The threat to recovery may be even more permanent. The species 

proportions originally on the grounds were the result of a long geological 

period of interaction between the species and their environment. With 

the introduction of a massive fishery, it may be expecte'd'that the 

ecological balance between species will be altered drastically. There 

is the distinct possibility that recovery of the Pacific ocean perch 

is now permanently blocked in the time span of present human generations 

by rules of the new environmental system brought about by fishing, which 

should encourage replacement of the Pacific ocean perch by faster growing 

and faster cycling species. 
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SUMMARY 

1. The Pacific ocean perch occurs in comme rcial quantities in 

the eastern and western Bering Sea, along the Aleutian Islands Chain, 

in the Gulf of Alaska. and southward along the Pacific coast to California. 

2. Recent estimates place the standing stock of catchable fish 

prior to the start of the fishery in the early 1960's at around 2.76 

billion pounds (1,380 X 103 tons). Possibly the standing stock was 

considerably greater. 

3. The species is a plankton and micronekton feeder, is ovoviviparous, 

inhabits a variety of habit~ts (including rocky regions on the continental 

shelf and upper slope), and occurs in large schools. 

4. The species is slow growing, matures at around 5-6 years, and 

may 1 i ve more than 30 years. 

5. A substantial commercial fishery for Pacific ocean perch began 

off Alaska about 1963 a~d ~ye1oped rapidly. The fishery was conducted 

principally by stern trawlers of the Soviet Union and Japan. In 1970 

one American stern trawler fished experimentally in the Gulf of Alaska. 

6. Signs of marked depletion of the stocks first appeared 1n 1967 

and became more marked in each subsequent year. 

7. The discussion of the evolution of the resource under the 

stress of the fishery 1s made with the aid of two mode1s--a model of 

qua11tative cha.nge with two successive stages and a quantitative model. 
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8. Catch curves taken in 1964 and in 1967-69, and believed to be 

representative of the populations (catchable) on the grounds, lead to 

the conclusion that annual natu~al mortality was about 0.2 and that 

average annual total mortality during the fishery was over 0.4. 

9. Length-fecundity relationships are in excess of a cubic 

function of length in Pacific ocean perch and probably in numerous other 

fish species as well. Measures of fecundity in Pacific ocean perch have 

ranged from an exponential length function of 6.3 for Oregon and Washington 

to 5.2 in the Bering Sea. 

10. Because of a p~obable severe drop in fecundity in the populations 

of Pacific ocean perch during Phase I (the first 10 years) of the fishery, 

a further deterioration of stocks may occur during Phase II. 

11. Original catchable biomass of Pacific ocean perch off North 

America has been estimated at 2.76 billion pounds (1,380 X 103 tons) 

by Alverson (1968). , Because Alverson appears not to have allowed for 

stocks a1~ng the Aleutian Islands and may have underestimated other stocks 

as well. the estimate is arbitrarily raised to 3.50 billion pounds 

(1.750 X 103 'tons). 

12. A hypothetical evolution of the stocks in response to the fishery 

is examined by means of the quantitative model. The model starts with 

a presumed composition and biomass of the original unexploited population 

and subjects it to an annual natural mortality of 0.2 and a fishing mor.tality 

that 1s proportional to annual catches. 
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13. In the quantitative model, the decline of the stocks du~ing 

Phase I approximates a sine curve; the steep portions of the curve 

result from heavy removals during the middle years of the fishery. The 

stocks in 1969 are an estimated 40% of ~he original biomass by a midyear 

estimate, but about 30% by a beginning-of-the-year estimate. 

14. Most levels of stock as estimated by the quantitative model 

are considerably lower than levels as estimated by catch per unit effort 

for one s,egment of the fishery. Reasons are discussed for believing 

that the levels as indicated by catch per unit effort are artificially. 

high. The levels as estimated by the quantitative model may also be 

too high. 

15. Possible maj,or sources of error in the quantitative model are 

discussed. 

16. The most reasonable published limit for maximum sustained 

yield, 138,000 tons per year, has been exceeded substantially almost 

every year since 1964. 

17. If the Phase I and II models are realistic, particularly if 

recruitment reflects the lowered fecundity of the parental populations and 

the fishery for Pacific ocean perch continues at a moderate level, a 

further decline in stocks should begin around 1975. 

18. There seems to be little hope for a moratorium on the fishery 

for the extended period that would be required for recovery of the stocks • . 
19. Ecological replacement of Pacific ocean perch by faster growing 

and perhaps less desirable species is possible. 
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Table l.--Length-fecundity relationships of hypothetical Pacific ocean 

perch (Kodiak stocks) if fecundity increased in direct proportion 'to 

weight, constrasted to the increase if fecundity were proportional 

to length raised to the 6.3 power. Based on functional relationships 

in Alverson and Westrheim (1961) 

Approximate fecundity (thousands) 

Length Weight in pounds Proportional to Proporti ona1 

(em) Age (L3•1 proportional) body weight to l6.3. 
./ 

26 7 0;52 . !.flO !.flO 

33 13 1.10 21 45 

40 27 2.00 38 153 

Increase 

over base 

from 25 to 

40 an 3.8 15.3 

lIArbitrar,y starting figure. 



Table 2.--HYPothetica1 changes in total stock of Pacific ocean ~erch off North America z 1963-69 

(thousands of tons) 

Biomass at year's start Mi dyear bi omass (recrui tment 

(before recruitment) plus growth, before mortality) Estimated annual 

Percent of Percent of mortality due to 

Year Weight 1963 Weight 1963 Catcn!! fishing 

1963 1,750 100.0 2,143 100.0 160 0.08 

1964 1,575 90.0 1,944 90.0 333 . 17 

1965 1,262 72.1 1,616 75.4 467 .29 

1966 852 48.7 1,193 55.7 313 .26 

1967 660 37.7 995 46.4 263 .27 

1968 555 31. 7 887 41.4 208 .23 

1969 524 29.9 858 40.0 

lIFrom graphs of Alverson (1968) except 1968, which is based on a separate estimate (unpublished) 

by the U.S. Bureau of Commercial Fisheries. 
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Figure l.--Catch curves for two periods of the Gulf of Alaska fishery 

(sexes combined). Age frequencies converted from length frequencies obtained 

by United States observers and an age-length key for the Kodiak vicinity. 
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Figure 2.--Hypothetical standard populations that represent constant 

recruitment and mortalities of 0.2 (natural) and 0.4 (exploited). 
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Figure 3.--Two hypothetical phases in the reduction of a newly fished 

stock as based on data from the fishery. Both phases are equal in 

duration to the time to recruitment. (Not drawn to the proportions of 

Figures 1 and 2.) 
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Figure 4.--Indices of stocks size from the "quantitative model, and 

catch per unit effort (metric tons per hour of trawling) of a segment 

of the fishery. (Curves fitted by eye.) 
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