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I. Introduction 

At the 1970 meeting of the Ad Hoc Committee on Abstention, the 
Canadian Section was requested to provide additional information concerning 
the causes of mortality in British· Columbia herring, with particular refer
ence to the question of dogfish predation. The background to this request 
lies in the implicit view ·expressed ift Dec. 99-6 (Canada) that pri-or to- the 
recent collapse in the fishery a rising total mortality rate was due to 
increased efficiency of the Canadian fishery and hence to an increased rate 
of fishing mortality. 

On the other hand, the Japanese view appears to be that an increase 
in natural mortality, due possibly to increased predation by dogfish, may 
have been just as important as (or even more important than) the changing 
efficiency of the fishery. 

In Document 996 and in earlier Canadian submissions it has been 
assumed that over the long term the annual rate of natural mortality has 
averaged about 50% (M - 0.70). During the 22-year period between the fish
ing seasons of 1937/38 and 1958/59, the average annual mortality rate was 
estimated to be about 72% (Z = 1.27). Hence the instantaneous fishing 
mortality (F) was estimated as 0.57. As shown in Fig. 1, between the fish
ing years 1958/59 and 1966/67 leading up to the collapse of the fishery, 
all of the estimates of Z (and hence F) were above the long-term mean. It 
is contended that the rising trend in Z was largely attributable to an 
increase in fishing efficiency. The major factor in this change was the use 
of mercury vapor lights in night fishing, introduced in 1959/60 and in wide
spread use by 1960/61. Other contributing factors undoubtedly were the 
trend to larger vessels, and the elimination of packers which resulted in 
increased competition among fishermen. Increasing fishing pressure not only 
on the supply of maturing herring, but also on the juveniles of a succession 
of relatively weak year-classes brought about a rapid decline in the fishery. 

II. Abundance of herring 

Abundance (numbers of fish) has been calculated from the catch 
during each fishing year plus the escapement determined from the amount of 
spawn deposited. For purposes of the present analysis, the index of herring 
abundance is based on combined estimated numbers of fishable herring present 
in the three populations inhabiting the Lower West Coast, Lower East Coast 
and Middle East Coast sub-districts. (The same three populations were used 
in the computation of mortality rates in Fig. 1.) The choice of these popu
lations was based on the knowledge that they inhabit areas where dogfish 
were formerly very abundant and have become ~bundant again in recent years. 

The variation in abundance of herring in the three sub-districts 
for the past three decades is illustrated in Fig. 2.* An irregular long-term 

*Data smoothed by a normally weighted running average of three years. 
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upward trend in herring abundance is suggested for the period 1937 to 1963. 
The period of apparent peak abundance from 1952 to 1954 may in part be due 
to greater than average error (over-estimation) in computing total stock 
size, since 1952-53 marked the first time on record when there was no 
fishery and hence the abundance index depended entirely on the accuracy of 
the estimated size of the spawning stock. A sharp drop in abundance to 
unprecedented low levels occurred between 1963 and 1967 and was followed 
by a period of partial but rapid recovery. .-

III. Predators on herring 

No less than 16 species of demersal, pelagic and anadromous fish 
feed on herring at certain times and places each year. The stock of preda
tors constitutes a total weight of somewhere in the vicinity of 500,000 to 
1,000,000 metric tons, of which the dogfish (Squalus acanthias) currently 
accounts for probably as much as 60% to 80% (300,000 to 800,000 tons). 

One of the obvious features of the food habits of dogfish (and 
other species as well) is that there is rarely a time or place where there 
is complete dependence on herring as a source of food. The dogfish is an 
opportunist--feeding on whatever species is most abundant and easiest to 
catch at a particular point in time and place. Several examples are pro
vided in the accompanying table to show the diversity of the dogfish's diet 
and the extent to which herring contribute to its food supply. While this 
kind of information is of little use in quantifying the year-round consump
tion of herring by dogfish, it most certainly demonstrates that dogfish are 
not dependent on herring to a very great extent and suggests that it would 
be unwise to consider dogfish predation to be a major factor in the annual 
or long-term variations in abundance of herring. 

The food-web is by no means a simple one. The extent to which 
sharp changes in the abundance of dogfish influence the abundance of herring, 
would depend on the extent to which other species (which also eat herring 
and are also eaten by dogfish) respond to the reduced abundance of dogfish. 

IV. Abundance of dogfish 

Prior to 1940, dogfish in British Columbia waters were lightly 
exploited, to meet rather limited demands for fish meal and oil. With the 
discovery that the liver oil of dogfish contains high levels of Vitamin A, 
the fishery grew very rapidly. Between 1941 and 1947 the total catch in 
the region from Oregon to northern British Columbia amounted to 260,000 
metric tons. In 1944 alone the catch was 55,000 tons. 

Catch statistics on one of three kinds of fisheries for dogfish 
(sunken gill-netting) showed a decline of more than 70% between 1943 and 
1947. A system for collecting catch statistics from trawlers and 10ng
liners which were engaged primarily in the dogfish fishery was not developed 
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until 1947, but by then much of the fishing effort had shifted to other 
species. In any event, it was generally agreed by fishermen who had parti
cipated in the dogfish fishery that the abundance, particularly of large, 
mature fish (possessing the highest levels of Vitamin A) had been severely 
reduced in numbers. In 1946 a meeting of scientists of Canada and the 
United States was convened to determine the actions which should be taken 
to restore. the. s.upply of large. ..dogfish.. . No. action had been. taken hy 1950., 
at which time the market for dogfish liver oil collapsed and the fishery 
virtually ceased. 

Although several attempts were made in Canada during the late 
1950's and early 1960's to stimulate a fishery by subsidy, they failed to 
produce a measurable reduction in the numbers (and nuisance) of dogfish. 
Thus, the species has remained essentially unexploited for more than two 
decades. 

In the absence of detailed catch statistics on the 1941-1947 
fishery, and without the existence of a significant fishery today, and 
finally without real certainty about the age and growth of dogfish, it is 
very difficult to estimate the rate at which the dogfish stock has been 
recovering since 1950. 

Two models of the most likely patterns of recovery are shown in 
Fig. 2. In both cases it was assumed that, because of a very slow growth 
rate, recruitment into the fishable stock was negligible during the short 
life of the fishery (1941-1947). Thus, the part of the curve depicting 
dogfish stock size for years prior to 1950 approximates the mirror-image of 
the accumulated catch during those years. This is superimposed on some 
unknown quantity (x) of juvenile dogfish which largely escaped exploitation. 

In the case of Index A the recovery rate was based on a growth 
rate and age at maturity (two-thirds mature between ages 20 and 26; mean 
23 years) estimated from data published by Bonham et al. (1949). Index B 
is based on Canadian data showing a slower growth rate with two-thirds of 
the females reaching maturity between 27 and 37 years (mean 31 years). 
Present opinion is that the growth rate and rate of maturation of dogfish 
occupying Canadian waters can be no greater than that derived from the data 
of Bonham et al. 

In theory the rapid and intensive removal of breeding female 
dogfish in the middle 1940's has induced an oscillation in the stock re
covery pattern with a period of about 23 years using Index A and about 
31 years using Index B. The amplitudes of the waves is merely a guess and 
could be higher or lower than that illustrated in Fig. 2. 

V. Comparison of herring and dogfish fluctuations 

When the dogfish indices (particularly Index B) are compared with 
changes in herring abundance, as in Fig. 2, there is little supporting 
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evidence of a relationship. Herring abundance was not particularly low when 
dogfish were at their primeval level of abundance prior to 1940. The inverse 
relationship suggested for the period 1940 to 1963 gains its strength merely 
from the occurrence together of the highest abundance of herring (probably 
an over-estimate) and the point at which the dogfish stock was in an early 
stage of recovery. The subsequent occurrence of a sharp decline in herring 
abundance, at the same time as the dogfish population wa& substantia1~y re
covered, would seem to be a coincidence, since the herring population has 
recovered rapidly since 1966 while dogfish abundance theoretically has re
mained moderately high. 

Examining the relationship from a different point of view, namely, 
by comparing herring mortality estimates (Fig. 1) with the dogfish stock 
curves, the rising trend of Index B coincides more or less with the rising 
trend in Z. This would support the contention that the natural mortality 
rate was increasing during the decade 1957 to 1967. However, there is 
nothing in the earlier history of dogfish abundance and herring mortality 
rates to demonstrate a similarly positive relationship. 

V. Conclusion 

While there appears to be little evidence of a cause and effect 
relationship, it is necessary to conclude that the role of the dogfish in 
altering the natural mortality rate of herring can neither be proved nor 
disproved on the basis of existing information. 

REFERENCE 

Bonham, K., F. B. Sanford, W. Clegg, and G. C. Bucher. 1949. Biological 
and vitamin A studies of dogfish (Squa1us suck1eyi) landed in the State 
of Washington. Wash. State Dept. Fish., Bio1. Rept. No. 49A: 83-114. 



- 5 -

Table 1. Food habits of dogfish (Squalus acanthias) with particular 
reference to herring in waters around Vancouver Island. 
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Strait of Winter Bottom 4024 2357 493 21 Smelts (28%), Crustacea (9%), 
Georgia Trawl Hake (5%), other (37%) 

Stmnller Bottom 3045 2345 590 25 Macroplankton (32%), crabs 
Trawl and shrimps (3%) , other (40%) 

Open coast Winter MW 124 76 23 30 Invertebrates (70%), sand-
Trawl lance (10%) , oth~r fish (22%) 

Stmnller MW 1572 951 123 13 Euphausiids (74%), other 
Trawl invertebrates (9%), smelts 

(5%) , other fish (6%) 

Stmnller Bottom 256 188 25 11 Crustacea (56%), Hake (6%), 
Trawl other fish (30%) 
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Fig. 1. Estimates of instantaneous total mortality rates (Z) and instantaneous 
fishing mortality rates (F) in Vancouver Island populations of herring. 
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Fig. 2. Comparison of estimated abundance of Vancouver Island herring popUlations 
with abundance indices of dogfish. 


