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ABSTRACT 

Leaman, B. M. and R. o. Stanley. 1990. Preliminary report on 
experimental harvest programs for two stocks of Pacific ocean 
perch (Sebastes alutus) off British Columbia. 

Two experimental harvest programs for Pacific ocean perch stocks 
off British Columbia were initiated in the late 1970s. One 
program involved a 5-y pulse overfishing of a stock off southwest 
Vancouver Island (Vancouver Ar~a), and the other an open-fishing 
program in the Langara Spit region of Dixon Entrance (Charlotte 
Area). Both of these experiments were designed and conducted with 
commercial industry participation. They were designed for the 
purposes of testing assumptions about stock dynamics, biomass ana 
productivity estimates, ageing methods, and the values of 
population parameters. The Vancouver Island experiment was 
conducted from 1980-1984 and was intended to harvest at 167% of 
the estimated sustainable yield. Field surveys, commercial 
fishery statistics, and biological characteristics of the stock 
indicated major effects of the overfishing. 

The Langara Spit experiment began in the fall 1983 and has 
continued to date. Commercial fishery statistics and biological 
characteristics indicate negative effects of the unrestricted 
fishery in this area, as well. The fishery is now based almost 
entirely on annual recruitment, and the relatively strong 1976 
cohort has been reduced to subordinate status. 

These experiments have so far tended to support current 
assumptions of stock dynamics, but have also indicated a general 
unreliability of the absolute magnitude of biomass estimates 
generated from swept-area surveys. They have also indicated that 
cooperative experiments with industry, using the fishery as a 
research tool, are possible, but correct interpretation of results 
is vulnerable to contamination of data by uncooperative 
individuals. Rigorous monitoring of fishing activities may be 
required. 



INTRODUCTION 

Fisheries for rockfishes (genus Sebastes) throughout the world 
have been characterized by initial years of very high production, 
followed by rapid declines, and prolonged periods where catches 
are less than 10-15% of peak values (Leaman 1987). Management of 
these species is made difficult by their slow growth, low 
mortality, late recruitment, and large variation in cohort 
strengths (Archibald et al. 1983). Rockfishes are aggregating 
forms and respond to specific bathymetric and hydrographic 
features, so that given locations will have predictable presence 
of rockfishes. These species are also acoustically dense and 
their visibility to modern echo sounders makes populations 
extremely vulnerable to fishing. However, their low rates of 
productivity (long-term average ~5-10% per year) require that 
large adult stocks be maintained to support even modest fisheries. 

The large variation in cohort strengths is the most striking 
feature of rockfish populations (Fig. 1). The infrequent (10-15 
y) appearance of these cohorts suggests that, over a broad range 
of spawning biomass, environmental influences may be more 
important than spawning biomass in determining year class success. 
The uncertainty about whether stock size or environment is the 
major influence on cohort success influences the choice for an 
appropriate management strategy. If a stock-recruitment 
relationship exists, we need to know its form and whether there is 
a critical spawning biomass, below which recruitment is imperiled. 
We should also know whether these dominant cohorts are strong in 
absolute abundance, or only in relation to surrounding cohorts. 

The answers to these questions are difficult to determine from 
simple observation or existing fishery statistics. Most stocks 
are at low levels and we therefore have few observations of stocks 
undisturbed by fishing. This lack of contrast implies that even 
long periods of observation may be insufficient to resolve true 
causative factors from the potential alternatives (Walters 1986). 
To address this and other aspects of the stock dynamics problem, 
the Offshore Rockfish Program (ORP) at the Pacific Biological 
Station initiated two experimental harvesting programs on Pacific 
ocean perch (Sebastes alutus, POP). One program (southwest 
Vancouver Island) was a pulsed overharvest and the other (Langara 
Spit) was to be a defined period of unrestricted harvest (Fig. 2). 

The general objective of these programs is to critically test 
the validity of biomass, productivity, and mortality estimates 
derived from field surveys and analytic models. Evidence from 
several sources (Archibald et al. 1983; Leaman 1981, 1985; Leaman 
and Nagtegaal 1982, 1986) has suggested that estimates from swept
area trawl surveys, in particular, may be seriously biased for 
aggregating species such as rockfishes. Additional objectives 
were to use management as a research tool, and to involve 
fishermen in the design and execution of major research programs. 
This report presents the background to these programs and some 
preliminary results, based on data available to the end of 1989. 
Complete analyses will be presented in subsequent papers. 
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SOUTHWEST VANCOUVER ISLAND 

BACKGROUND 

Foreign distant water fleets conducted extensive fisheries on 
the Vancouver Island stock of POP in the mid-1960s (Fig. 3). 
Several analyses, by different investigators and using a variety 
of techniques (Gunderson 1981, Kimura 1981, Kimura and Tagart 
1982), indicated that these fisheries had reduced the stock by 69-
82% over the 1969-1977 period. These analyses also concluded that 
the POP stock probably extended from Pacific Marine Fisheries 
Commission (PMFC) Area 3B through Area JC. Rockfish ageing 
methodology was also changing during this period, and the new 
techniques implied yields less than 50% of previous estimates 
(Archibald et al. 1981). The Department of Fisheries and Oceans 
(DFO) responded to these results by prohibiting all directed 
fishing on this POP stpck, beginning in 1977. This regulation was 
in effect until 1980. 

Rockfishes form dense aggregations, when undisturbed by fishing. 
Fishing activity apparently disrupts these aggregations and re
distributes the fish, resulting in a lower catch rate than that on 
the initial aggregations. The lack of fishing activity in the 
Vancouver Island area during 1977-1980 resulted in such dense 
aggregations. In 1979, the B.C. groundfish industry began to 
lobby for a re-opening of this area, based on their observations 
of these aggregations. After consultation with industry, we 
advocated an experimental overharvest program, which would examine 
both the validity of the biomass estimates and the ageing method. 
We also stipulated that comprehensive surveys should precede and 
follow the period of overharvesting. The surveys were intended to 
produce comparable relative, rather than absolute, estimates of 
biomass. If yield estimates were correct, the overharvest would 
decrease biomass and inject a strong negative anomaly into the age 
composition. This would occur because cohorts recruiting during 
the experimental period would experience relatively higher fishing 
mortality than either previous or successive cohorts. A regular 
progression of this anomaly over time would serve to confirm the 
ageing methodology. 

The initial period of overharvesting was proposed as three 
years, after which the quota would be returned to the sustainabl~ 
level. The estimated sustainable yield for , the Vancouver Island 
stock in 1980 was 300 t (Leaman 1981). The proposed level of 
overharvest was 500 t, i.e. a harvest 67% greater than the 
estimated sustainable level. Industry accepted this proposal and 
participated in the design and conduct of the survey program. At 
the same time, the DFO gained the agreement of U.S. agencies to 
conduct similar surveys on the portion of the Vancouver Island 
stock residing in the U.S. zone of extended jurisdiction 
(International North Pacific Fisheries Commission Vancouver Area). 
The management approach being taken by the U.S. over the same 
period was perceived to be a 20-y rehabilitative strategy. This 
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strategy specified a yield of 600 t from the U.S. zone. This 
estimate was based on an assumed instantaneous natural mortality 
rate (M) of 0.12 (Ito et al. 1987), although DFO staff had 
previously demonstrated that M was closer to 0.05 (Archibald et 
al. 1981). Therefore, the U.S. harvest rate was an unintentional 
overharvest and the management programs of the two countries were 
inadvertently in concert. The combined quota for the stock during 
the course of the experiment was therefore 1100 t, compared with 
an estimated yield of ~600 t for a rehabilitative strategy. 

PRE-HARVEST SURVEYS AND EXPERIMENTAL HARVESTING 

Surveys 
The Canadian portion of the Vancouver Island stock was surveyed 

by a chartered commercial trawler in 1979 (Lapi and Richards 
1981). survey coverage was intense, by normal stratified-random 
standards, and both the vessel master and ORP staff were satisfied 
with the areal and depth coverage. Approximately 26% of the total 
survey area was trawled (Leaman et al. 1988). Total rockfish 
biomass was estimated at ~7100 t, of which§. alutus accounted for 
~4200 t (59.5%) (Table 1). We stress again that these estimates 
are likely to be biased and have value primarily as relative 
indices. The catch rate (CPUE) of the survey vessel was 1.191 t/h 
for all rockfishes and 1.146 t/h for s. alutus (Table 2). These 
CPUEs were approximately 70% greater than those of the commercial 
fleet, prior to the closure of this area. The survey catch rate 
further fuelled the industry contention that yield in the area was 
substantially greater than DFO estimates. 

The 1979 U.S. survey estimated the biomass of the POP stock in 
the U.S. portion of the INPFC Vancouver Area as approximately 5500 
t, with a 95% confidence interval of± 75% (Ito et al. 1987). 

Quotas and catches 
The quota for the Vancouver Island stock was raised to 500 tin 

1980 and remained at that level until 1984 (Fig. 4). While 
initially scheduled to last three years, the overharvesting 
experiment was extended an additional two years because the 1980 
catch was below the target level. During that period, the catch 
of POP by the Canadian fleet always reached the 500 t level and 
exceeded it by 250 tin 1983 (Fig. 5). The U.S. fleet also 
achieved, and sometimes exceeded, their quota of 600 t. Catch 
rates for the Canadian fleet over the experimental period did not 
approach those of the 1979 survey (Table 3). Qualified CPUE (25% 
POP in the catch) generally declined during the same period, 
although there was a brief increase in 1986-1987. This increase 
reflected a shift in effort from the southern to the northern 
segment of the experimental area, but was not maintained. 
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POST-HARVEST SURVEYS AND CHANGES IN BIOLOGICAL CHARACTERISTICS 

surveys 
The quota for the Vancouver Island stock was returned to the 

sustainable level of 300 tin 1985, and subsequently reduced to 
150 t, in an attempt to begin rehabilitation of this stock. Both 
Canada and the U.S. conducted trawl surveys of the stock in 1985. 
Total rockfish biomass estimated by the Canadian survey was ~3500 
t, with~- alutus accounting for ~1900 t (Table 1). These 
estimates are considered to be conservative relative to absolute 
biomass, because of the limitations of swept-area surveys, but 
they do represent a decline of 51% since 1979. Localities 
receiving the greatest fishing pressure over the 1980-1985 period 
(Estevan, Clayoquot, Cape Flattery) recorded the greatest declines 
in estimated biomass (Leaman et al. 1988). Survey CPUE also 
declined from the 1979 survey (Table 2). The CPUE for all 
rockfishes combined fell 68%, to 0.377 t/h, while that for~
alutus declined from 1.146 to 0.241 t/h (-79%). 

The 1985 U.S. survey estimated the~- alutus biomass to be ~2000 
t, a decline of 63% from the 1979 survey (Ito et al. 1987). 

Biological data 
Biological samples from the 1979 and 1985 Canadian and U.S. 

surveys (Ito et al. 1987, Leaman et al. 1988) showed no signs of 
substantial recruitment during the experimental period. Mean 
sizes of fish in samples from both surveys in 1985 show slight 
increases from 1979, which reflects growth of the existing 
cohorts, but no evidence of strong recruiting cohorts in the 30-36 
cm range, upon which the fishery will depend in future years 
(Figs. 6 and 7). Comparison of these length frequencies with 
those generated from known mortality and growth rates, using the 
method of Rasmussen and Stanley (1988), indicates that POP in this 
area has experienced a total mortality rate of ~0.50. This level 
is approximately 400% above the estimated equilibrium rate of 
0.10. This rate is based on an F=M policy and an estimated M of 
0.05 (Archibald et al. 1981). 

CONCLUSION 

The conjunction of lower relative biomass estimates from both 
the Canadian and U.S. surveys, the lowered catch rates from the 
commercial fishery, and the lack of recruitment of smaller fish, 
provided compelling evidence for significant absolute declines in 
stock biomass. The question of the relative influence -of stock 
biomass or environment in determining cohort strength was not 
clearly resolved by these results. However, the lack of 
substantial recruitment of the 1976 cohort, which has recruited in 
strength to other POP stocks at higher biomass levels (Leaman 
1989), suggests that the absolute magnitude of the spawning stock 
may play an important role. 
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LANGARA SPIT 

BACKGROUND 

The Langara Spit stock of~- alutus was the object of major 
foreign fisheries during the mid 1960s (Leaman 1987). However, it 
was also one of the worst documented of these fisheries off the 
B.C. coast. Catches by the USSR are particularly poorly resolved 
and even those by Japan, while documented to 1/20 latitude blocks, 
are poorly resolved by species. Data compiled by Ketchen (1980) 
and Ketchen et al. (1978) indicate that approximately 85% of the 
foreign catches from the west coast of the Queen Charlotte Islands 
between 52000 1 - 54030' N originated in the Langara Spit area 
(Fig. 8). Evidence from DFO surveys in the early and mid-1960s 
(Westrheim 1970, 1972) indicated that the fishery for the initial 
1965-1970 period was concerned primarily with~- alutus. However, 
we believe a shift in species composition occurred about 1973, 
because of the increased records of "Other Rockfish" in Japanese 
catches (Ketchen et al. 1978). By 1977, species recorded as 
"ocean perch" were known to include up to 85% of other red 
rockfishes (Leaman et al. 1978). 

Unlike other POP stocks on the B.C. coast, this stock was not 
exploited by the domestic fleet during the major foreign fishery. 
Directed fishing by the domestic fleet began in 1979 (Table 4) and 
was restricted by quota until the fall of 1983. Catches of 
Pacific ocean perch during this period averaged <250 t/y. 

The genesis of the Langara experiment, like that for Vancouver 
Island, had roots in the longstanding conflict between DFO and the 
fishing industry, over DFO's estimates of biomass and available 
yield for rockfish stocks. These estimates were derived from a 
variety of sources (trawl surveys, catch statistics, analytic 
models, interpretation of biological parameters) and both parties 
had concerns about their validity. Leaman (1981) and Leaman and 
Nagtegaal (1982, 1986) have expressed strong reservations about 
the reliability of trawl survey estimates of absolute abundance 
for rockfishes, and aggregating species in general. These 
reservations were based on the observed behavioural patterns of 
these species, in response to tidal cycles, illumination level, 
and the trawl gear itself. These patterns produce orders of 
magnitude changes in the availability of the species to the survey 
gear. However, based on our preliminary experience with the 
Vancouver Island experiment we believed that, while there would 
always be uncertainty about the absolute magnitude of stock 
biomass, the exploitation history and biological characteristics 
of stocks provided sufficient insight about present stock status 
to develop appropriate management strategies. Industry remained 
unconvinced, and the issue of stock vs. environment as the major 
factor in recruitment strength had yet to be resolved. 
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We therefore approached industry in the fall of 1982 with a 
proposal to establish a second and more profound experimental 
harvest program, which would further address the concerns 
previously expressed by both industry and Program staff. Industry 
was again receptive and joint planning of the experiment began. 
Program staff continued to be concerned about the validity of both 
catch statistics and trawl surveys. Industry mistrusted some of 
the detailed analytic models employed by assessment biologists, 
and reasoned that their presence on the fishing grounds throughout 
the year gav.e them greater insight into stock conditions. We 
wished this time to have a relatively isolated stock, for which 
there was good historical data, as the target stock for the 
experiment. Our first choice was the Rennell Sound area, which 
both met these criteria and had little history of foreign 
exploitation. The stock was therefore in a relatively undisturbed 
state. However, it was also isolated and industry argued that it 
would not be profitable to travel to this area, even if it was the 
only area open to fishing. 

A compromise on location and format was reached and the Langara 
Spit area was chosen for the experiment. From the DFO 
perspective, this area was less than ideal because of its 
extensive history of foreign fishing and the continuity of the 
isobaths, to which POP are common, north into U.S. waters. 
However, it had been surveyed extensively in 1979 and offered the 
promise of continuous industry participation. The duration was 
specified as 3-5 y, to be followed by an equivalent period of 
conservative harvest or closure. The objectives of the experiment 
were: 

- to test biomass survey estimates (ORP staff and industry 
believed the absolute values could be seriously biased); 

- to examine the stock-recruitment relationship relative to 
other stocks and to fishing mortality; 

- to validate ageing techniques through the injection of a large 
negative anomaly in the age spectrum of the stock; 
to examine movements as they might be interpreted from micro
scale distribution of fishing effort; 

- to develop estimates of fishing mortality based on removals; 
- to develop a detailed biological and fishery statistics 

database for use in analyses, e.g. fishing power estimation; 
- to involve industry in both our research and management 

programs; and 
- to provide concrete evidence of our desire to critically 

evaluate assessment results. 

A number of conditions, under which the experiment was to be 
conducted, were explicitly stated at the outset. These were: 

- a trawl survey would precede and succeed the experiment; 
- industry would supply detailed logbook data (LORAN bearings, 

depths, species composition, etc.) for their fishing in the 
area; 

- the results would be reported annually. 
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PRE-HARVEST SURVEYS AND EXPERIMENTAL HARVESTS 

Surveys 

The experiment began with a joint industry-DFO, two-boat trawl 
survey in July, 1983 (Leaman and Nagtegaal 1986). This survey 
repeated work conducted during a two-boat survey in 1979 (Lapi and 
Richards 1981). The report of the 1979 survey did not include 
biomass estimates but the authors did calculate such estimates, by 
subsection of the survey area. Leaman and Nagtegaal (1986) 
compared the survey design and techniques of the two surveys and 
presented comparisons of estimates, by area, corrected for 
differences in gear and assumptions about the catching coefficient 
of the trawls (Table 5). The prime difference between the two 
surveys was that the 1979 survey was based on a stratified 
systematic design, while the 1983 survey was based on an 
encounter-response design. The first method estimates biomass by 
area, while the second estimates biomass only for aggregations of 
fish encountered. Nonetheless, comparisons of estimates for key 
areas can be made because both surveys identified the same areas 
of rockfish abundance. 

Both surveys had similar estimates for the western Langara Spit 
area (~. alutus biomass of 1074 vs. 1208 t for 1983 and 1979, 
respectively). The 1983 survey did not achieve acceptable 
coverage of the eastern Langara Spit area, although it was 
identified as a centre of rockfish abundance. The two vessels 
involved in the 1979 survey also did not achieve similar coverage 
of this very rough-bottom area (Table 5). The 1979 survey 
estimated approximately equal proportions of~- alutus, · ~- reedi, 
and~- zacentrus in this area, with~- alutus being in equal 
abundance to the estimate for the western portion of Langara Spit. 
The biomass of~- zacentrus in this area is of limited importance 
because most fish are less than minimum commercial size (30 cm). 

In summary, the two surveys provided similar estimates of 
biomass for the species and areas of comparable coverage. While a 
similar body of~- alutus was also found by one vessel in the 
eastern Langara Spit area during 1979, it alone could not account 
for the discrepancy between the biomass estimates and the 
subsequent catches noted below. A much smaller aggregation of 
rockfishes was also located slightly north of the Canada-u.s. 
boundary area (Fig. 9). This aggregation was estimated to contain 
only 10% of the biomass of the major aggregation on the western 
portion of Lartgara Spit. No major schools of rockfishes were 
encountered going north into U.S. waters until approximately 
50005' N, near Cape Bartolome. 

Harvests 

Annual landings increased steadily following inception of the 
experiment to a peak of almost 5000 t (Figs. 10-12), before 
declining substantially in 1987. Since 1987, the catch has 
averaged approximately 2300 t/y. While~. alutus comprised over 
70% of the catch in 1984, it now accounts for <60% of the total 
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landings. The fleet has moved to alternative species such as~
proriger, ~- reedi, ~- brevispinis, and~- aleutianus to 
supplement fishing on the major target (Fig. 13). 

COMMERCIAL CATCH RATES FOR PACIFIC OCEAN PERCH 

Estimation of Catch Rates 

Commercial CPUE for 1984-1989 was estimated from vessel fishing 
records maintained by DFO (Leaman and Hamer 1985). There were too 
few observations of CPUE to estimate confidence limits, prior to 
1984. Each observation corresponded to one 'visit' to a fishing 
locality. one visit may represent more than one tow and fishing 
effort was therefore the total hours of towing for that visit, 
where POP contributed at least 25% of the catch (25% 
qualification). The final data set represented 86% of the total 
POP landings. 

CPUE estimates were generated for two vessel groups. Grouping 
was required because we treated the observations for one vessel 
("X") separately. There is strong indirect evidence that some of 
the this vessel's landings, reported to have come from the 
experimental area, actually originated from other grounds. This 
vessel contributed 40% of the fishing observations (Table 6). 
Thus, we present unweighted and weighted estimates of annual CPUE, 
for two vessel groups. 

For vessel X, the unweighted procedure uses a general log linear 
model which predicts catch as a function of effort and the 
category variable •year' (Gavaris 1980, Kimura 1981) where 

1 og ( C .. ) = µ + /3 * log ( E . . ) + Y. + f 
IJ 1J 1 

(1) 

cij is the catch for vessel X for trip j in year i. The /3 
parameter is a term which permits a non-linear relationship of 
catch with effort. Yi is the additive effect of year. On the 
transformed scale, it is a scalar which indexes the year effect, 
hence the relative CPUE index. f is a log normal (O, a2) error 
term. This unweighted procedure treats each observation equally 
and approximates an average catch rate. There is a significant 
'diminishing returns' effect, such that CPUE declines with 
increasing fishing effort per visit, i.e. /3 r o. For vessel X, /3 
was estimated as 0.73. 

The weighted estimate of CPUE for vessel Xis simply the sum of 
catch over the sum of effort, with each estimate of effort 
corrected by the value of P from (1): 

(2) 

We used the bias-corrected, percentile method of bootstrapping to 
produce estimates of the 80% confidence limits for the weighted 
indices (Buckland 1985, Efron 1982). 
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For the remaining vessels, the unweighted CPUE estimates were 
also calculated using a log linear model, where: 

(3) 

For these vessels, catch was a linear function of effort (P=l.0), 
so no scalar was needed. The data set represented vessels of 
varying horsepower (282-975 hp). To standardize for fishing power 
among the remaining vessels, we first grouped the vessels into 
three horsepower classes: A (<500 hp), B (500-700 hp), and C (>700 
hp). Category A vessels only accounted for 15 observations (15%) 
and were removed from the analysis. The division at 700 hp 
separated the remaining observations into approximately equal 
groups. These two categories were included i~ the linear model, 
which indicated that the catch rate of class B vessels was 49% of 
that for the class c vessels. By including vessel class in the 
model, the effect of variable fleet fishing power from year to 
year was implicitly removed. 

The weighted CPUE for th~ remaining vessels was calculated as in 
(3), after adjusting each effort observation for horsepower class. 
More complex treatments of fishing power for catch rate 
standardization are possible but have not proved useful. For 
example, horsepower variation appears to account for the same 
variance in catch rate as its correlate, vessel size. We also 
have treated catch rate as a curvilinear function of horsepower, 
without significant impact on our estimates. Finer resolution of 
horsepower categories (e.g. 100 hp classes) results in classes 
with too few ohservations for adequate parameter estimation. The 
final time series of indices for both vessel groups was normalized 
so that 1989 index equalled the nominal qualified catch rate in 
1989. 

Catch Rate Trends 

Unweighted and weighted estimates for the majority of the 
vessels showed the identical trend of steadily declining CPUE, and 
variance in CPUE, from the start of the experiment (Fig. 14). 
CPUE declined from 2.61 t/h in 1984 to 0.84 t/h in 1989. It 
accompanied a rise and fall in average fishing time spent each 
trip (Fig. 15). By 1989, vessels were only spending 20 hours, 
about 2 fishing days, before leaving the area. This is also 
reflected in the fact that, for these vessels, there was no 
indication of diminishing catch rates with increasing hours towed. 
Not enough towing time was spent on the grounds to produce a 
fishing effect during a single visit. 

For vessel X, the two CPUE trends are different (Fig. 16). The 
unweighted trend shows a general decline since 1984, although not 
as marked as the rest of the fleet. The weighted series shows no 
trend in CPUE. The difference between the two curves can be 
accounted for mathematically, by a growing deviation in catch 
rates between trips of high catch and effort and trips of low 
catch and effort. This discrepancy could be explained if, in the 
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later years, the longer and more productive trips originated from 
fishing grounds other than Langara Spit, but were reported as 
being from the experimental area. We have no direct means of 
confirming this supposition. 

CHANGES IN BIOLOGICAL CHARACTERISTICS 

Size composition 

The size frequency composition of both male and female POP has 
shifted dramatically during the course of this experiment (Figs. 
17 and 18). In 1983, prior to the initiation of the experiment, 
the modal sizes of males and females were 39 and 41 cm, 
respectively. The modal sizes have since declined to 35 and 37 
cm, respectively. The proportion of the stock >40 cm has declined 
from over 80% in 1983 to less than 40% in 1989 (Fig. 19). The 
mortality rate associated with the 1989 length frequency spectrum 
was analyzed with the simulation model of Rasmussen and Stanley 
(1987). This method, which assumes constant recruitment, 
generates length frequencies from known mortality rates and uses 
stochastic functions for both individual growth and overall growth 
curves. Results of this analysis (Leaman 1989, 1990) indicate 
that§. alutus in the Langara Spit region has experienced total 
mortality rates (Z) in the 0.5-0.6 range, since the start of the 
experiment. 

Age composition 

The age composition of the Langara Spit~- alutus stock, prior 
to the experiment, was dominated by age groups in the 13-20 y 
range (Fig. 20). While the 1969 cohort was the most abundant, 
there was still a measurable component of the 1952 cohort, one of 
the strongest of the century (Archibald et al. 1981). The 
relatively strong 1976 cohort was beginning to be evident in the 
Langara Spit stock, at age 7, although larger adult biomasses 
precluded its observation in other stocks at that time. The 
progressive truncation of the age composition towards younger 
fish, during a period of declining catch rates, indicates that the 
biomass has declined in spite of a period of reasonable 
recruitment. In particular, the 1976 year class appears to have 
been significantly larger than surrounding cohorts, as has been 
reported for other stocks (Leaman 1990). The strength of the 1976 
year class has subsequently diminished relative to succeeding 
cohorts. This is indicative of high fishing mortality, similar to 
size-based conclusions, although an increase in F alone cannot 
fully account for the rate at which the year class is decreasing, 
relative to the following cohorts. Recruitment of§. alutus to 
the fishery is primarily a behavioural rather than a physical 
process. Fish are physically vulnerable to the gear at 
approximately 6 y old but are not fully recruited as a cohort 
until approximately 15 y old (Fig. 21). The high rate of 
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truncation of the 1976 cohort therefore suggests that dominant 
cohorts experience much higher partial recruitment factors than 
weaker cohorts. This topic merits future investigation. 

PRESENT STATUS OF I.ANGARA EXPERIMENT 

The Langara Spit program was designed to provide an 
unconstrained fishing intervention bordered by periods of 
sustainable or conservative harvest, to provide maximum contrast 
with the period of high fishing mortality (Leaman 1988). 
Significant problems with data capture surfaced in 1984, when some 
vessel masters refused to provide the voluntary logbook 
information upon which interpretation of some aspects of the 
experiment relied. It was also apparent that catches from outside 
the experimental area were being ascribed to it. We recommended 
suspension of the experiment because this fundamental goal of data 
capture was not being met. Managers were also concerned and, 
rather than terminating the experiment, developed a permit system 
which required logbook data as a condition of the permit to fish 
in the area. The permit system worked well enough that the 
experiment was continued. Suspicious landings and poor data 
recording continued but not to the extent that there was 
sufficient justification to terminate what had become a high 
profile and very important economic issue in the eyes of industry. 
The fishery and licensing officers responsible for checking the 
logbooks were often unfamiliar with rockfish species or the trawl 
fishery in general. Permits were sometimes re-issued and licences 
returned even though not all data had been obtained. It was also 
apparent that the logic of choosing Langara Spit over Rennell 
Sound had been fallacious. When the rest of the areas were 
closed, even vessels which landed to Vancouver and Washington 
State were making the trip all the way to the Langara ground. 

For the 1988 fishery, we recommended a return to a sustainable 
yield for the Langara Spit area. Industry mounted a lobby to keep 
the area open on the basis of continued disagreement with DFO 
assessments and economic need. Managers agreed to leave the area 
open, subject to a condition requested by assessment biologists, 
that at least 1100 h of trawling would have to occur. This level 
was required to provide comparability with the previous years of 
open fishing. If less effort were to occur, it would be extremely 
difficult to interpret fishery statistics because of the general 
inverse relation of CPUE and effort. 

The fishery was kept open for 1988-1989, and the minimum level 
of effort was achieved in both years, although it was not a 
specified requirement in the 1989 management plan (Table 4). 
However, persistent and unsolicited reports of data falsification 
by some vessels prompted managers to exert more control over the 
fishery. A mandatory observer program was established in late 
1989 and continued into 1990, at which time it was converted into 
a user-pay program. Industry's response to this program has been 
largely negative and trawl effort for~- alutus in 1990 has been 
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only 15% of that for the comparable 1989 period. The fishery, 
with observer requirement, is still open at the time of writing. 

DISCUSSION 

These two experimental fisheries have provided valuable data and 
insight into population processes. In particular, the suggestion 
that local stock abundance may govern absolute (though not 
relative) levels of recruitment represents a significant shift 
from previous understanding. They have also provided confirmation 
that our present rockfish stock assessments and management 
policies are appropriate. The simplest message from these two 
fisheries is that the application of fishing mortality at levels 
which we estimate to be excessive, results in measurable and 
negative impacts on stock characteristics and productivity. A 
more detailed evaluation of the Langara Spit experiment will be 
reported elsewhere. However, some results merit mention here. 

The experiments have neither provided absolute estimates of 
stock biomass, nor confirmed that the absolute values of 
population parameters used in stock management are correct. The 
absolute values we use may very well be correct. What the 
experiments have confirmed, is that the parameter values we use 
are correct relative to stock productivity and the other estimates 
in use. It is important to understand this subtle distinction. 
For example, we estimate instantaneous natural mortality rate (M) 
to be ~o.os. A number of factors (ageing errors, sampling 
artifacts, selection by the fishery, differential availability 
with age, etc.) may cause this value to be in error from the true, 
unknown value. For example, the true value might be 0.04 or 0.06. 
However, the important feature is that use of this estimate in 
population analysis and management produces the results one would 
predict if it were correct. If the estimate was incorrect in a 
relative sense, then these results would not be as predicted. 
This corroboration is an important result of these experimental 
fisheries. 

The experiments have, in our view, quite rightly called into 
question the traditional survey methodology for rockfishes. We 
believe estimates of rockfish biomass from swept-area surveys 
should be used with extreme caution. Potential biases can arise 
at any level of stock biomass but may be most important at low 
stock levels, because these species are continually attracted to 
specific areas. The variance of biomass estimates may decrease at 
low stock levels, if surveys are largely associated with such 
areas, and create an illusory confidence. Analyses based on 
biological characteristics provide a sounder basis for conclusions 
on stock status. 

A third result of these experiments is the finding that 
cooperative·programs with industry can be frustrated or even 
destroyed by the actions of only a few individuals. When 
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population responses to experimental manipulations are subtle, it 
takes very little data contamination to significantly diminish the 
possibility of interpreting the observations correctly. 

Lastly, we did not anticipate that the Langara Spit experiment 
would assume an economic life of its own. Once established, this 
experimental fishery came to be regarded as an integral, 
permanent, and necessary part of the groundfish industry. 
Fishermen began to assume that it would always be there as an 
opportunity for fishing, when all other areas were closed. It 
became very difficult to manage this fishery because its landings, 
though well in excess of any sustainable level, were a notable 
proportion (10-20%) of the coastwide total. In other areas, 
managers were responding to declining stocks by restricting 
yields. To reduce or eliminate the Langara Spit fishery therefore 
took on much greater significance than the absolute level of 
landings would infer. 
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Table 1. Biomass estimates (t) for rockfish by the M/V ARCTIC 
HARVESTER, September, 1979 and the M/V HOWE BAY, September, 1985. 

------------------------------------------------------------------
cruise 
Depth (m) 
# of tows 

Sebastes aleutianus 
.§.. alutus 
.§.. babcocki 
.§.. borealis 
.§.. brevispinis 
.§.. crameri 
.§.. diploproa 
.§.. elongatus 
.§.. entomelas 
.§.. flavidus 
.§.. helvomaculatus 
.§.. paucispinis 
.§.. pinniger 
.§.. proriger 
.§.. reedi 
.§.. zacentrus 

TOTAL 

ARCTIC HARVESTER 
183-365 

45 

312 
4,217 

158 
138 

34 
148 

1,207 
42 

9 

19 
351 

13 
173 
153 
106 

7,081 

HOWE BAY 
160-439 

56 

81 ± 70% 
1,862 ± 17% 

94 ± 46% 
20 ± 167% 

197 ± 202% 
48 ± 99% 

258 ± 20% 
41 ± 176% 

2 ± 238% 
19. ± 283% 

8 ± 249% 
199 ± 326% 

16 ± 138% 
121 ± 162% 
127 ± 188% 
387 ± 109% 

3,480.53 ± 28% 

Relative 
change 

-74.2% 
-55.8% 
-40.6% 
-85.6% 
483.1% 
-67.6% 
-78.6% 

-2.4% 
-82.7% 

-60.2% 
-43.2% 

25.3% 
-30.2% 
-17.1% 
263.9% 

-50.9% 

N.B. - Estimates for the HOWE BAY include only those hauls which 
replicate ARCTIC HARVESTER hauls. 
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Table 2. Catch rates (CPUE, kg/h) for rockfishes by the M/V ARCTIC 
HARVESTER, September, 1979, and the M/V HOWE BAY, September, 
1985. 

Cruise 
Depth (m) 
Hours fished 

ARCTIC HARVESTER 
183-365 

catch 
(kg) 

94 
Catch rate 

(kg/h) 

HOWE BAY 
160-439 

100 
Catch 

(kg) 
Catch rate 

(kg/h) 

Relative 
change 

in 
CPUE 

------------------------------------------------------------------
Sebastes aleutianus 

.s,. alutus 

.s,. babcocki 

.s,. borealis 

.s,. brevispinis 

.s,. crameri 

.s,. diploproa 

.s,. elongatus 

.s,. entomelas 

.S,. flavidus 

8,803 
108,070 

2,760 
1,902 
1,121 
2,921 

32,287 
692 
120 

.s,. helvomaculatus 206 

.s,. paucispinis 13,228 

.s,. pinniger 191 

.s,. proriger 3,232 

.s,. reedi 2,077 

.s,. zacentrus 2,602 

93.65 
1149.68 

29.36 
20.23 
11.93 
31.07 

343.48 
7.36 
1.28 

2 .19 
140.72 

2.03 
34.38 
22.10 
27.68 

876 
24,146 

1,144 
586 

1,104 
751 

3,574 
208 

40 
188 

47 
1,354 

120 
843 
668 

2,161 

8.76 
241.46 

11.44 
5.86 

11.04 
7.51 

35.74 
2.08 

.40 
1.88 

.47 
13.54 
1.20 
8.43 
6.68 

21.61 

-90.6% 
-78.9% 
-61.0% 
-71.0% 

-7.5% 
-75.8% 
-89.6% 
-71.7% 
-68.8% 

-78.5% 
-90.4% 
-40.9% 
-75.5% 
-69.7% 
-21.9% 

------------------------------------------------------------------
TOTAL 180,212 1917.15 37;810 378.10 -80.3% 
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Table 3. Canadian landing statistics for Pacific ocean perch off 
southwest Vancouver Island. 

YEAR 

1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 

Total 
landings 

7.02 
.12 

2.49 
303.86 
218.38 
117.25 

5.46 
1.29 

16.17 
53.06 

124.86 
429.85 
547.32 
507.97 
751.52 
551.17 
243.11 
242.10 
542.27 
307.46 
279.16 

0% Qualification 
L E CPUE 

7.02 
.12 

2.49 
301.79 
212.53 

13.25 

5.46 
1.29 

14.93 
52.75 

124.16 
428.27 
530.77 
484.30 
355.86 
407.10 
222.85 
178.52 
414.95 
208.52 
275.85 

16.50 
6.30 

40.50 
579.30 
634.00 

21.30 

166.50 
5.00 

454.80 
76.20 

201.00 
749.10 

1087.22 
913.10 
848.80 
806.30 

1079.60 
547.70 
655.60 

1812.40 
2598.00 

.425 

.019 

.061 

.521 

.335 

.622 

.033 

.258 

.033 

.692 

.618 

.572 

.488 

.530 

.419 

.sos 

.206 

.326 

.633 

.115 

.106 

25% Qualification 
L E CPUE 

6.83 

1.26 
273.11 
200.82 

12.67 

1.46 
.87 

8.81 
50.95 

121.03 
395.38 
504.96 
452.48 
325.23 
404.10 
195.86 
140.49 
394.80 
77.64 

146.47 

14.50 

12.50 
293.20 
400.70 
14.30 

7.00 
1.00 

46.30 
38.90 
85.70 

380.90 
709.80 
555.00 
411.10 
720.60 
692.70 
185.10 
460.60 
228.80 
426.00 

.471 

.101 

.931 

.501 

.886 

.209 

.870 

.190 
1.310 
1.412 
1.038 

.711 

.815 

.791 

.561 

.283 

.759 

.857 

.339 

.345 

% qualification=%§. alutus in catch needed for inclusion of 
data 
L = Landings (t) 
E = Effort (h) 
CPUE = Nominal catch per unit effort (t/h) 
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Table 4. Canadian landing statistics for Pacific ocean perch in 
Area 5E(N). 

------------------------------------------------------------------
Total 0% Qualification 25% Qualification 

YEAR landings L E CPUE L E CPUE 
------------------------------------------------------------------
1976 
1977 1.42 1.42 19.70 .072 .70 2.30 .304 
1978 22.22 22.22 151.10 .147 6.65 16.80 .396 
1979 227.49 227.49 177.50 1.282 223.83 108.50 2.063 
1980 84.56 84.56 119.30 .709 64.80 39.50 1.641 
1981 109.22 63.58 32.40 1.962 53.15 24.10 2.205 
1982 342.23 218.48 144.10 1.516 194.18 109.30 1.777 
1983 291.98 226.43 401.80 .564 208.28 193.50 1.076 
1984 2173.86 1819.93 1213.50 1.500 1779.38 980.00 1.816 
1985 1921.21 1821.61 1908.70 .954 1712.09 1514.50 1.130 
1986 2725.37 2658.69 2957.40 .899 2558.46 2319.30 1.103 
1987 1129.70 1048.62 1294.00 .810 1015.88 1119.60 .907 
1988 1088.79 1088.79 1675.70 .650 1027.99 1373.60 .748 
1989 1532.50 1532.50 2076.00 .738 1401.89 1574.40 .890 

% qualification= necessary%~- alutus in catch for inclusion of 
data 

L = Landings (t) 
E = Effort (h) 
CPUE = Nominal catch per unit effort (t/h) 
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Table 5. Comparison of biomass estimates (t), by subarea, 
from 1979 (M/V SCOTIA BAY and M/V BLUE WATERS} and 1983 (M/V 
FREE ENTERPRISE NO. 1) surveys of the Langara Spit area (after 
Leaman and Nagtegaal 1986). Separate estimates for the 1979 
survey are for the two vessels, respectively. 

-----------------------------------------------~------------------
SPECIES 

Sebastes alutus 
~- babcocki 
~- brevispinis 
~- entomelas 
~- proriger 
~- reedi 
~- zacentrus 

TOTAL 

SUBAREA AND SURVEY 
Western Spit Northeastern Spit 

1979 1983 1979 1983 

1143/206 
1/-

13/15 
-/-

26/10 
-/5 

25/23 

1208/259 

1005 
1 
8 

27 
16 

1 
16 

1074 

1064/206 
81/6 
59/10 
-/-

142/10 
923/245 

1086/137 

3355/614 

138 
1 
2 
0.5 

3 
6 

151 

Table 6. Observations of commercial catch rate for the Langara 
Spit Pacific ocean perch fishery (25% qualified data). 

YEAR 

1984 
1985 
1986 
1987 
1988 
1989 

Total 

Vessel "X" 

14 
16 
11 
17 
10 
49 

129 

VESSEL 
"Other" vessels 

26 
29 
42 
23 
31 
31 

195 

I qualification= necessary\~- alutus in catch for inclusion of 
data 
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FIGURE CAPTIONS 

Figure 1. Age composition of Pacific ocean perch stock off the 
west coast of the Queen Charlotte Islands in 1984, showing the 
typical pattern of infrequent strong cohorts. 

Figure 2. Principal Pacific ocean perch stocks off the coast of 
British Columbia. VI= Vancouver Island, GIG= Goose Island 
Gully, MOR= Moresby Gully, RSD = Rennell Sound, LA= Langara 
Spit. 

Figure 3. Foreign and domestic landings of Pacific ocean perch 
from the southwest Vancouver Island stock, 1956-1989. 

Figure 4. Management history of the southwest Vancouver Island 
stock of Pacific ocean perch, 1978-1989. High and low risk 
values bound the range of estimated total allowable catch (TAC). 

Figure 5. catch statistics of the fishery for Pacific ocean perch 
off southwest Vancouver Island, 1978-1989. Qualification level 
is the level of Pacific ocean perch required in the catch for 
inclusion of data. 

Figure 6. Proportional distribution of total weight of Pacific 
ocean perch, by length interval, during 1979 (ARCTIC HARVESTER) 
and 1985 (HOWE BAY) biomass surveys of southwest Vancouver 
Island. 

Figure 7. Length frequency distribution of Pacific ocean perch 
catch during 1979 (ARCTIC HARVESTER) and 1985 (HOWE BAY) biomass 
surveys off southwest Vancouver Island. 

Figure 8. Foreign and domestic landings of Pacific ocean perch 
from the west coast of the Queen Charlotte Islands, 1964-1989. 
Statistics cover all of Pacific Marine Fisheries Commission Area 
5E. 85% of foreign landings originated in the Langara Spit 
area. 

Figure 9. Rockfish schools located during the 1983 Pacific ocean 
perch biomass survey of the Langara Spit-southeast Alaska area 
(from Leaman and Nagtegaal 1986). 

Figure 10. Management history of the Langara Spit stock of Pacific 
ocean perch, 1978-1989. High and low risk values bound the 
range of estimated total allowable catch (TAC). 

Figure 11. Catch statistics of the fishery for Pacific ocean perch 
in the Langara Spit area, 1978-1989. Qualification level is the 
level of Pacific ocean perch required in the catch for inclusion 
of data. 

Figure 12. Species composition of the rockfish catch in the 
Langara Spit area, 1976-1989. 



23 

Figure 13. Catch per unit effort (CPUE), weighted by horsepower, 
for vessels participating in the Langara Spit Pacific ocean 
perch fishery, 1984-199. Vertical bars are the 80% confidence 
interval for CPUE. 

Figure 14. Mean hours trawled per trip, for vessels participating 
in the Langara Spit Pacific ocean perch fishery, 1984-1989. 

Figure 15. Catch per unit effort (CPUE) for the Langara Spit 
Pacific ocean perch fishery of vessel X, weighted by horsepower 
and year, 1984-1989. Vertical bars are the 80% confidence 
interval for CPUE. 

Figure 16. Proportional length composition of male Pacific ocean 
perch catches in the Langara Spit fishery, 1983-1989, showing 
truncation of the initial size composition. 

Figure 17. Proportional length composition of female Pacific ocean 
perch catches in the Langara Spit fishery, 1983-1989, showing 
truncation of the initial size composition. 

Figure 18. Shift in proportion of fish >40 cm in catches of the 
Langara Spit Pacific ocean perch fishery, 1983-1989. 

Figure 19. Age composition of Pacific ocean perch from the Langara 
Spit area, 1983-1989. 

Figure 20. Length and vulnerability to the fishery, by age, for 
Pacific ocean perch. Horizontal line represents the point where 
50% of a cohort is vulnerabe to the fishery. 
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