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INTRODUCTION

One of the controversial items of discussion at the June, 1982 meeting of STACFIS was whether
the catchability coefficient (q) had changed significantly in the NAFO Divisions 2J3KL cod fishery,
thus explaining the apparently anomalous data points for 1974-77 in the regression shown in Fig. 1.
Data and arguments presented in this paper attempt to refute the claim that the catchability coefficient
has changed and to present an alternate explanation for these anpmalous points.

MATERIALS AND METHODS

	

Fig.	 1 is plotted with total effort and total fishing mortality. However, in the present
analyses the fishing mortalities applicable to the offshore fishery only were calculated from the
following equation:
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Where FO
at 

= Instantaneous fishing mortality rate at age a in the offshore fishery in year t

M =	 Instantaneous natural mortality rate assumed to be constant for all ages and years and
estimated to be about 0.2 (Pinhorn, 1975).

C0at =	 Catch in numbers at age a in the offshore fishery in year t (Wells, pres. comm.).

N
a 

t =	 Numbers of cod at age a in the population at the beginning of year t (i.e. beginning of
'	 offshore fishery) (Wells,	 1981).

2 is used in the equation because it is assumed that the entire offshore fishery took place in the
period January 1-June 30 of each year. The assumption is violated to the extent that during the
1970's an average of about 80% of the offshore catch was taken during the January-June period but
this violation is not considered serious for the purposes of this analysis. These offshore fishing
mortalities are shown in Table 1. The catchability coefficient for each year in the offshore fishery
was then calculated by dividing the mean offshore fishing mortality, age 5+, weighted by the population
numbers at each age, by the standardized offshore effort, derived by dividing the standardized catch
rate for the offshore fishery into the catch by the offshore fleet (Table 1). In fact, catchability
coefficients calculated in this manner are similar to those calculated from the F and effort in the
total fishery.

RESULTS AND CONCLUSIONS

The plot of catchability coefficient in the offshore fishery (as calculated above-Table 1) over
time is shown in Fig. 2. It is obvious that q as calculated from the effort standard 	 increased
dramatically in 1974-76 and as dramatically decreased in 1977. 	 It is recognized that catchability
coefficients in the 1977-80 period are a function of the F input (F T ) in the cohort model 	 in 1980;



--if F were as high as 0.25, the catchability coefficients for those years would remain at about 3.00 -----

but the following argument and data presented at this meeting (Wells and Bishop, 1982) indicate that
F
T was lower in 1980, more likely the range of 0.12.

Catchability coefficient can change abruptly with time because of a change in environmental
factors causing more dense concentrations of fish but this should result in corresponding changes in

catch rates; in this case a sudden increase in 1974-76 and a precipitous decline in 1977. As can

be seen from Fig. 2 the standard catch rate showed a steady decline from 1968 to 1978 (except for a
slight increase in 1974), after which it has steadily increased to about the 1970 level by 1980.

It has been demonstrated for some fisheries, mainly pelagic, that catchability coefficient can

change inversely with population size (Ulltang, 1978); i.e. as population size gradually decreases

from fishing pressure catchability coefficient gradually increases. Fig. 3 indicates that catchability
coefficient remained relatively unchanged from 1961-73 at a level of about 1.35X10 6 while stock
size changed from 2.3 billion fish, age 4+ to 1.0 billion fish, age 4+. Catchability coefficient
then increased sharply to 2.2 X 10 6 in 1974, while population size only decreased to 0.73 billion
fish, to 3.1 X 10 6 while population size decreased to 0.5 billion fish and to 4.0 X 10-6 while
population size remained about 0.5 billion fish. Catchability coefficient then dropped sharply to

close to the original level in 1977 while population size increased to only 0.65 billion fish. It
remained at this level during 1978-80 while population size changed to about 1.0 billion fish. The
change was so abrupt that it constitutes no evidence for a change in catchability coefficient related

to a change in population size. Catchability coefficient can also change over time related to
technological changes but this is normally gradual and sustained whereas the change here is sudden
and lasts only three years, 1974-76.

Thus, from the above it is concluded that no real change occurred in the catchability coefficient
in the 1961-80 for 2J3KL cod.

What then is the explanation for the anomalous points in Fig. 1? These can be caused by F
being overestimated or fishing effort being underestimated. Given the catches during the 1974-76
period and given the F values that can be calculated from FRG survey results (average 0.8, age 5+)
(Mestorff and Wells, pers. comm. at the 1979 ICNAF Meeting), it is very unlikely that F was lower

than this in these years. Thus, the calculated fishing effort is likely to have underestimated the
true effort. This may be because total catch is underestimated or the catch/unit effort is overestimated.
Total catch would have to be underestimated by about one half (i.e. reported catch would have to be
doubled) to account for the anomaly. This would result in F-values from the cohort which are extremely
high and unlikely to be realistic. Thus, the standardized catch rate is likely to be overestimated.

There is some evidence for this in the standardized catch rate series (Fig. 2) when the declining
trend in catch rate is interrupted in 1974-76. This is also evident in the catch rate series by
country for some countries (Gavaris. this meetina). The most likely conclusion is that the quota

restrictions introduced in 1974 on all groundfish stocks resulted in unreliable catch and effort
statistics used as a basis for Gavaris' model, resulting in the anomalous points in Fig. 1. It
is interesting to note that the points for 1977-80 are much closer to the regression, these being
the years during which Canada as a coastal state not only controlled catches taken from the stock
but also the number of fishing days allocated.

In conclusion, therefore, the author sees no convincing evidence for a change in catchability
coefficient in this stock and attributes the anomalous points in the F versus effort regression for
1974-77 to bias in the catch-effort series for these years. Therefore, the catch-effort data for
these years should not be used in the assessment of the stock and regressions of F versus effort
used to estimate current fishing mortalities should not include the values for these years. In
fact, regressions of F on effort, ommiting the values for 1974-76, have been used in NAFO for the
past few assessments of this stock.
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Fig. 1. Regression of fishing mortality and fishing effort in the total

fishery for cod in Divisions 2J3KL. (Values for 1974-77 were not used in the
regression.)
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Fig. 2. Catchability coefficient (q) and standardized catch per hour in the offshore cod fishery in NAFO
Divisions 2J3KL.
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Fig. 3. Offshore catchability coefficient (q) versus age 4+ population numbers for 2J3KL cod, 1961-80.
Dashed line is average q for 1961-73; 1977-80 with 1974-76 omitted.
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