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I. CHANGES IN THE HERRING FISHERY, 1955-56 TO 1966-67 

1. History of the fishery 

The history of the British Columbia herring fishery, the changes that 
have occurred, and the factors responsible are a matter of published record. 
Tester (1935, 1945) gives excellent accounts of .the history and development of 
the fishery and of fishery methods. Taylor (1955, 1964) summarizes these and 
extends the account to the 1961-62 season. The Report on Canadian Herring 
Stocks (INPFC Bull. No.4, p. 1-13, 1961) contains a short summary of the 
essential features of the development of this fishery to the 1955-56 season. 
This present report will therefore only describe the changes that have occurred 
from that season to 1966-67. . 

2. Changes in division into stocks 

In the Canadian Report on Herring Stocks, eight major essentially 
discrete stocks were recognized. These stocks were associated with the 
following geographic regions (ibid. Fig. 1): Queen Charlotte Islands (possibly 
with more than one stock); northern (Areas 3-5); upper central (Area 6); lower 
central (Areas 7-10); middle east coast of Vancouver Island (Areas 13-16); 
lower east coast of Vancouver Island (Areas 17A-19); lower west coast of ' 
Vancouver Island (Areas 23-24); upper west coast of Vancouver Island (Areas 25-
27). 

Recent tagging studies (Taylor, MS) have confirmed the presence of 
more than one population in the Queen Charlotte Islands. At least three sub
divisions are now recognized: upper east coast Queen Charlotte Islands (Areas 
1 and 2AE); upper west coast Queen Charlotte Islands (Area 2AW); lower Queen 
Charlotte Islands (Areas 2BE and 2BW). 

In some regions small local stocks occur generally towards the heads 
of long inlets. Th~ catches from these local stocks are usually included with 
the catch of the major stock in that region. Some doubt exists as to whether 
upper east coast Vancouver Island and probably also upper west coast Queen 
Charlotte Island herring should be classed as single major stocks or as a 
series of small local stocks. 

3. Changes in conservation policy 

In the late 1930's fears expressed in various sections of the herring 
industry that stocks were being overexploited resulted in the quota system of 
management. By 1941 quotas had been set for all stocks except those in the 
Queen Charlotte Islands, infrequently fished at that time. In 1946 as a part 
of a large-scale "management experiment" quotas were removed from the upper and 
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lower west coast of Vancouver Island stocks. After the end of this "experiment" 
in 1951-52 quotas were not removed from other stocks but a lenient policy of 
quota extensions was evolved that permitted full utilization of the stocks. In 
1965-66 quotas were removed from the northern, central (upper and lower central 
combined), and upper east coast of Vancouver Island stocks; were doubled (to 
20,000 tons) in the middle east coast but maintained in the lower east coast. 
This latter stock, the most readily accessible of all stocks was showing signs 
of possible overexploitation. In addition, the opening date for the season was 
set back to September 15 from June 1 in the middle east coast, and from May 1 
in the lower east coast stocks. In 1966-67, upon evidence of a sharp decrease 
in abundance in nearly all stocks, a policy of strict control was instituted 
whereby fishing was prohibited on any stock if herring became scarce. 

4. Changes in fishing efficiency 

In the British Columbia herring fishery, methods and equipment are in 
a continuous state of evolution, aimed at increasing fishing efficiency. Some 
of the more important innovations that have increased efficiency were the 
changes from two-boat seining to single-boat seining in the late 1930's, the 
introduction of the echo sounder and the radio telephone in the 1940's, the 
adoption of power hauling for nets in the 1950's, the continuing trend toward 
the use of larger vessels, and the use of synthetic fibres in recent years. 
The trend to larger vessels was probably accelerated by the decision in 1960-61 
to eliminate company-operated packers. This decision may at first have caused 
some dislocation. However, it also stimulated competition and initiative among 
the crews and after the first season probably resulted in an increase in effi
ciency. The most important single innovation, however, has been the use of 
lights to attract and hold schools. Lights were introduced in 1959-60 and were 
in general use throughout the fleet by the following season. 

5. Fluctuations in catch 

The annual catch for each major stock from 1955-56 to 1966-67 is shown 
in Table I, together with the amount of spawn deposited1 during the ensuing 
spawning season. The amount of spawn deposited forms an index to the size of 
the spawning escapement. 

The annual catch since 1955-56 has fluctuated between 83,174 tons and 
263,105 tons, in part because of the effect of industrial disputes and in part 
because of variations in abundance. 

lSpawn deposition, compensated for variations in intensity, and where 
necessary for variations in width, is expressed in statutory miles at a 
standard intensity (medium). For further reference see Outram, 1963. 
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(a) Effect of industrial disputeso The very low catch (83,174 tons) 
in 1957-58 was the result of a strike starting in mid October and lasting 
throughout the season. Only a cooperative and one small minor company operatede 
In 1959-60, depressed world fish-meal prices curtailed the catch (185,067 tons). 
There was no fishery after mid December2. In southern British Columbia popu
lations where the main fishery occurs before mid December, catches were about 
normal; however, catches in northern and central British Columbia and in the 
Queen Charlotte Islands where fishing usually takes place after December were 
seriously affected. In 1960-61, the catch (170,192 tons) may also have been 
affected, since settlement was not reached until the end of November 1960. 
There were thus no summer or early fall fisheries. The elimination of company
operated packers may have curtailed catch during the remainder of that season 
but probably not in subsequent seasons. Strikes also occurred in nearly all 
subsequent years except 1963-64. However these strikes were of short duration 
and probably did not affect the final catch. 

(b) Effect of changes in abundanceo While the unusually low catches 
of 1957-58, 1959-60, and 1960-61 were the result of industrial factors the 
other fluctuations in catch closely paralleled changes in abundance of the 
major stocks. 

Variations in the abundance estimates for the major herring stocks are 
shown in Fig. 1-4. The open circles are estimates of the total number of fish 
present. This is the sum of the number of fish in the catch plus the number in 
the spawning stock, as estimated from spawn deposition. The method of obtaining 
the average of the abundance indices is demonstrated by an example in Appendix I. 
The solid circles represent the average of the abundance indices (Taylor, 1964) 
for the broods that provide the fish of ages 2+, 3+, and 4+ 3 and in some 
northern stocks 5+ in each year, weighted by their proportion in the population. 

Fluctuations in abundance (catch + spawners) in most British Columbia 
herring stocks follow a generally similar pattern. In most of them there was 
some evidence of a decline from a generally higher level in 1955-56 to a low 
in 1957-58. However, in 1957-58 abundance may have been underestimated because 
of the almost complete lack of a winter fisheryo After 1957-58 abundance 
tended to increase, reaching a peak in 1962-63 in some populations and the next 
season in most of the remainder. This increase in abundance was greatest in 
the northern, the middle east coast, and upper central stocks. In the lower 

aIt should be noted that in mid December herring fishing ceases for 
three to four weeks because of a traditional, but unofficial, Christmas vacation 
for herring fishermen. 

3In British Columbia herring, Roman numerals have been used since the 
start of the investigation in the 1930's to designate age and in contra~t to 
what is now accepted practice refer to incompleted years. Thus in our usage 
ages 5+, 6+, and ages VI, VII are synonymous and refer to fish in their sixth 
and seventh years of life. 
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central and the lower east coast stocks the increases were smaller. The two 
west coast stocks do not fit this pattern. Considered together, they show 
peaks in 1958-59 and 1963-64, but the latter is evident only in the lower west 
coast. 

In recent years the abundance of all stocks has declined quite 
markedly. In most stocks this decrease began in 1963-64 or 1964-65 and 
continued through 1965-66 and 1966-67 though two of the smaller stocks 
increased in 1965-66. In the lower east coast and possibly the upper west 
coast, however, the 1965-66 abundance was the lowest ever observed during the 
history of investigation. 

The condition of each of the major stocks is assessed in section II 
of this report. 

6. Dependence of abundance on year-class strength 

Comparing the trends of the solid and dashed lines in Fig. 1-4, it is 
evident that in all populations abundance depends on the strengths of the 
year-classes providing the dominant age-groups. A series of good year-classes 
produced the generally high level of abundance from 1959-60 to 1962-63. 
Starting with the hatches of 1961 or 1962 rather consistently weak year
classes have depressed the abundance of the stocks in nearly all regions from 
1963-64 onward and have resulted in declining catches, especially in the last 
two seasons. 

In southern stocks (around Vancouver Island) third-year herring (age 
2+) from the newly recruited year-class are the dominant age-group, forming 
from 50 to 75% of the population. Herring of age 3+ form a much smaller 
proportion. In the northern and central stocks, ages 2+ and 3+ are both impor
tant age-groups, and in some years also 4+. Hence in the southern stocks 
where abundance each year depends mainly on a single year-class, fluctuations 
are likely to be more abrupt than in northern and central British Columbia. 

7. Changes in annual total mortality rate (!)4 

The British Columbia herring stocks are heavily exploited. Estimates 
of the average annual total mortality rate (~) between ages 5+ and 6+ obtained 
from catch curves for 5-year periods were given for the most important major 
stocks in Table V of the Canadian Report on Herring Stocks, with a full 
discussion of the method. Similar estimates have been made for all major 
stocks now recognized and are shown in the appropriate columns in Table II. A 
second estimate derived from catch and spawn data is also given. The method 
used in deriving this estimate is described in Appendix II. While the 

4a = 1 - e-z where z is the instantaneous total mortality rate. 
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estimates obtained by the two methods are of the same general order of size, 
those derived from age composition (catch curves) tend to fluctuate more than 
those derived from catch and spawn data, possibly because of the effect of 
sampling errors among older age-groups. The estimates from age composition 
are the weighted average of the rates in the seasons when the year-class was 
recruiting to the fishery. The seasons involved are shown in the column of 
Table II headed "ReferaDle Period ll

• Estimates from catch and spawn data are, 
however, for the yea~ in question. Thus, from age composition data (between 
ages 5+ and 6+) estimates cannot be obtained for seasons after 1962-63, 
whereas estimates from catch and spawn data are available up to 1966-67. 

Estimates of annual total mortality rate vary between populations as 
well as from year to year within populations. Total mortality has been 
highest on the average in the lower east coast, lower west coast and upper and 
lower central stocks, and least in the northern and middle east coast stocks. 
In the lower Queen Charlotte Islands stock total mortality from 1948-49 to 
1962-63 was about the same as in the northern stock. However in the last four 
seasons it has been generally greater, reaching as high as 0.94 in 1964-65. 
While only scattered estimates are available for the upper east and upper west 
coast of Queen Charlotte Islands stocks it would appear that in the years when 
fisheries occurred total mortality was high, especially on the lower east 
coast Queen Charlotte Islands. 

During the last three or four years annual total mortality increased 
in nearly all stocks, sometimes quite sharply. In many stocks it has reached 
an extremely high level, 0.92 in the upper central, 0.89-0.91 in the lower 
east coast, and 0.89 in the lower west coast. In other stocks it was 0.85 to 
0.90 in some years. In the northern, and upper and middle east coast and 
upper west coast of Vancouver Island the mortality rate although still high 
has apparently not been quite as great; with two exceptions it has been under 
0.80. 

The sharp increases in total mortality rate in recent years are 
attributed to the recruitment of below average year-classes and to increased 
fishing efficiency. The increase in fishing efficiency was the result of a 
number of factors, the most important of which was the use of lights to 
attract and hold schools. With such methods it has become possible to fish 
stocks economically to a lower density. Thus spawning escapement will, on the 
average, be smaller than formerly. 

8. Year-class strength and the amount of spawn 

The present decline in herring abundance is clearly associated with 
the recruitment of below average year-classes. We do not know exactly why 
these year-classes were small. Part of the variation in year-class size may 
be related to environmental conditions. Part, especially in recent yeprs and 
in stocks where the amount of spawn deposited has been drastically reduced 
(Table I), may be associated with spawn deposition. 



- 6 -

After the lapse of three to four years estimates of the amount of 
spawn deposited can be compared with the estimate of the strength of the year
classes produced from that spawning. Table III and Fig. 5-9 show this infor
mation. 

In general, no relationship has been certainly established between 
year-class strength and amount of spawn. This does not necessarily mean that 
none exists. The principal trouble is that large fluctuations due to environ
mental causes mask the possible effects of spawning density. Also, most 
spawnings to 1964 have been average or near-average size, so that there have 
been few observations at the extremes. 

In some populations there is a suggestion of a relationship. The 
trend lines drawn in these graphs (Fig. 5-9) can be regarded as only suggestive, 
at best. They require confirmation from additional evidence, particularly at 
very large and very small spawnings. 

Events of the past few years are about to provide better information 
near the lower end of the range. Following a series of below average spawning 
years, the lower east coast spawning in 1965 reached a record low of 5 miles, 
which was repeated in 1966 and 1967. In 1966 all areas except the northern 
one had below average to poor spawning. The recruitment from these spawnings 
will become known during 1968 to 1970. They will give a better idea how 
completely each year's herring stock can be utilized without endangering 
future supplies. Meanwhile caution is indicated. 

In the areas where total mortality exceeds 0.80 the herring fishery 
must be classed as very intensive. The most recent analysis of the history of 
the California sardine stock suggests that moderate overutilization (a catch 
that was about 25% too great for several years) was the primary cause of its 
collapse. In any event it is obvious that there must be some low level at 
which spawning becomes inadequate, for herring or anything else, and computa
tions show that when this point is passed a stock will decline very rapidly if 
the rate of utilization is not reduced. For this reason it is important to 
regulate the fishing to try to maintain average or near-average levels of 
spawning for a few years, in the lower east coast subdistrict especially, 
until the recruitment from the very poor spawnings of 1965 and 1966 can be 
evaluated. 

9. Present regulatory policy 

Because the very low level of spawning in most stocks since 1964 was 
suggestive of overexploitation, the Department of Fisheries in 1965-66 and 
especially in 1966-67 introduced a series of measures to curtail fishing when 
the supply of herring dropped to a low level. Nearly all stocks including 
those in the Queen Charlotte Islands were -affected. Since quotas were removed 
from all stocks except the middle and lower east coast of Vancouver Island 
stocks in 1965-66, control was effected mainly through closing the season in 
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certain areas or parts of areas or on certain stocks. Measures were also 
introduced to ban the use of lights. 

It would thus appear that all British Columbia herring stocks, 
including that of the lower Queen Charlotte Islands and, in years when fishing 
has been possible, those on the upper east and upper west coasts of these 
islands, are very heavily exploited. Sharp reductions in spawning stock sizes 
point to possible overexploitation. Measures to restrict the fishery so as to 
ensure adequate spawning stocks have become necessary, have been introduced 
and have affected all stocks. 

II. THE CONDITION OF BRITISH COLUMBIA HERRING STOCKS IN 1966-67 

Herring stocks were at a generally high level in 1962-63 and 1963-64. 
In succeeding seasons there has been a continuing sharp decrease. Total catch 
declined from 259,892 tons in 1963-64 to 133,720 tons in 1966-67, and spawn 
deposition from 214.7 miles to 85.5 miles. While the decrease occurred in all 
stocks it was more severe in some than others. Table I gives the annual catch 
and spawn deposition for each stock. 

Upper east coast Queen Charlotte Islands - Catch from this relatively 
small stock declined from 6,557 tons in 1964-65 to 759 tons in 1966-67. In 
the same period spawn deposition was negligible, varying from a trace to 0.1 
miles. Stock size in 1966-67 is therefore sharply down. 

Upper west coast Queen Charlotte Islands - Because of the inaccessi
bility of this small stock catches have always been sm~ll. The decline in 
spawn deposition from 4.1 miles in 1963-64 to 0.4 miles in 1965-66 suggests 
that abundan~e has declined in this period. 

Lower Queen Charlotte Islands - There has been a sharp, decline in 
abundance in this stock over the past three or four seasons. In 1963-64 catch 
was 31,696 tons, spawn deposition 8.1 miles, in 1966-67 catch was only 235 
tons and spawn deposition 1.3 miles. 

Northern - Abundance was apparently at a peak in 1962-63, when the 
catch was 44,726 tons, and spawn deposition 59.8 miles. Abundance declined 
slowly in the next two seasons, as indicated by the decline in the amount of 
spawn rather than in catch. In 1965-66 and 1966-67 the decline became 
considerably sharper. In 1965-66 while spawn deposition remained about the 
same, catch was only a little over one-half the previous year's. In 1966-67 
there was a very sharp decrease with both catch and spawn being the lowest 
recorded for this stock. A spawning a little more than one-quarter the 20-
year average followed a catch of less than one-half the average. Abundance 
was therefore at a low level in 1966-67. 
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Upper central - The decline in abundance in this stock does not seem 
to have been as severe as in others. Abundance at a high level in 1962-63 
declined in 1963-64 and 1964-65. However, in the last two seasons there has 
been evidence of recovery. In 1966-67 this was the only stock where spawn 
deposition was above average. The level of abundance in 1966-67 was probably 
a little below average. 

Lower central - In 1963-64 the large catch and slightly above average 
spawn deposition indicate above average abundance. In succeeding seasons 
abundance declined. In 1964-65 while spawn deposi~ion was down slightly, 
catch was only a little over one-third the preceding season. In 1965-66 while 
catch was above average, almost equal to that in 1963-64, spawn deposition was 
s,harply down to about one-third of average. In 1966-67 while catch was 
considerably less than in 1965-66 it was' about average. Spawn deposition in 
the region as a whole increased to about 80% of the 20-year average. However 
most of the increase in deposition occurred in the minor local stock with 
only a slight increase in the major stock. Abundance in the major stock was 
thus at a low level in both 1965-66 and 1966-67. 

Upper east coast Vancouver Island - In this stock, although abundance 
has decreased since 1963-64, the decrease has not been as sharp as in other 
stocks. Although catches have been about twice the 20-year average, spawn 
deposition has tended to decrease. In 1963-64 it was 22.7 miles; in 1966-67, 
10.9 miles. In contrast to most other stocks the level of abundance in 
1966-67 may not be much below average. 

Middle east coast Vancouver Island - In this stock abundance 
apparently remained at a high level until 1964-65 when there was a slight 
decrease shown by the somewhat smaller amount of spawn in that year. In 1965-
66 and 1966-67 abundance was sharply lower. In 1965-66 this was reflected by 
reduced spawn deposition, between one-third and one-quarter of average. In 
1966-67, while catch was down sharply, spawn deposition was up slightly to 
between one-third and one-half average. 

Lower east coast Vancouver Island - The decline in abundance in this 
stock has been severe. In the last three seasons the 40,000-ton quota has not 
been taken, in the last two seasons by a wide margin. These are the only 
times the quota has not been at least approximated since it was established, 
except in seasons where industrial disputes occurred. The reduced catches 
were followed by spawnings of about one-fifth average. Abundance in this 
stock may be at a dangerously low level. 

Lower west coast Vancouver Island - Abundance was at a high level in 
1963-64 when a catch of 34,362 tons was followed by a spawning of 44.3 miles. 
In succeeding seasons abundance has declined sharply as shown by the very 
marked reduction in spawn deposition to less than one-quarter of average and 
by the somewhat smaller catches. Abundance in 1966-67 was at a very low 
level. 
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Upper west coast Vancouver Island - In 1965-66 the level of abundance 
was well below that of the early 1960's. In 1966-67 abundance probably 
increased somewhat as indicated by the larger catch and amount of spawn but 
still remained well below average. 

In 1966-67 it would appear that abundance and spawning escapement 
were at a dangerously low, perhaps critical, level in the upper east coast of 
Queen Charlotte Islands, lower Queen Charlotte Islands, northern, lower east 
coast and lower west coast, Vancouver Island stocks. In the upper and lower 
central, upper and middle east coast and upper west coast, Vancouver Island 
stocks abundance, while generally well below average, was not as reduced as in 
the other stocks. 

III. SUMMARY , .. 
In recent years two important changes have occurred in British 

Columbia herring stocks: 

1) There has been a sharp increase in the annual total mortality 
rate in nearly all stocks. This increase was the result of a definite 
increase in fishing efficiency brought about mainly by the use of lights to 
attract and hold schools. 

2) The size of the spawning stock has been markedly reduced in 
nearly all populations. The reductions were greatest in the more readily 
exploited stocks of southern British Columbia. Improved fishing methods which 
have made it possible to fish the stocks to a lower density are most probably 
responsible. 

It is still too early to say whether or not recruitment has been 
affected by the reduction in spawning stock size. Because of the time lags 
between spawning and recruitment and in the estimation of year-class strength 
such information will not be available until about 1970. However, the 
reductions in spawning stock have been sufficiently large to be of concern and 
to indicate a need for caution in exploiting the stocks in the immediate 
future. 

In the light of these observations it would be unreasonable to expect 
that a greater sustainable yield would be obtained by increased fishing. 
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Table I. Catch in tons (short) and number of miles of spawn adju.ted to a .tandard intensity in each .tock f1'Oll 195~-66 to 1966-67. 

Lower e .. t and Middle east coa.t . Lower east coa.t 
Upper eas t coa.t Upper ... t co •• t west coa.t Lower central Upper ea.t coast . Vancouver Island Vancouver Island Lower we.t coa.t Upper we.t coa.t . Q.C.I. Q.C.I. q.C.I. Northern Upper central Areas 7, 8, Vancouver Island Areas 13, 14, Are .. 17A, B. Vancouver Island Vancouver Island 
Area. 1 and 2AE Area 2AW Area. 2BE, 2BW Area. 3, 4. ~ Area 6 9, 10 Area. 11 and 12 1~, 16 18, 19 Are .. 23, 24 Are .. Z, 26, ZT 

Catch S~ Catch Spawn Catch Spawn Catch Spawn Catch Spawn Catch Spawn C.tch Spawn Catch Spawn Catch Spawn Catch S~ Catch Spoorn 

1~~~ 6,4~ .. .. .. 85,609 10.3 11,380 20.3 2,-440 0.3 46,391 27.6 918 15.9 29,646 17.6 48,713 18.7 18,847 14.5 560 54.2 

1~-57 1,620 .. 117 0.1 26,138 2.8 31,461 32.2 ~,562 0.8 30,114 14.7 14,896 10.8 18,659 11.9 43,212 18.9 4,972 9.7 541 31.9 

1~7_ 274 0.2 .. 0.5 12,288 1.5 12,3Z 12.7 6,819 2.1 7,553 25.0 3,~23 17.0 10,069 8.8 17,352 23.1 12,923 16.9 48 · 11.9 

1~-59 17,63!1 1.1 .. 10.0 7,~27 14.5 11,795 21.6 2,103 8.4 39,345 17.4 14,777 20.0 10,457 26.8 49,710 26.2 41,649 9.5 3!1,684 8.6 

1~-60 3,420 0.8 .. 4.1 .. 10.9 23,504 25.9 7,620 12.6 3,756 32.6 9,937 20.5 19,915 42.7 ~5,410 21.0 19,458 8.9 42,047 6.8 

1960-61 2,1~7 3.8 .. 4.2 63!1 15.8 47,124 3!1.6 16,215 7.1 26,396 15.9 2,786 16.7 10,003 35.2 30,925 17.6 14,819 12.6 19,132 9.6 

1961-62 7,881 1.9 .. 6.2 8,455 12.1 30,974 33.2 ll,Ml6 13.0 27,464 41.4 12,449 4.0 20,328 27.7 51,936 14.6 34,730 14.2 13,795 23.8 

.-
1962-63 2,911 0.7 .. 5.9 16,208 7.5 44,726 59.8 34,850 1.4 26,291 23.9 10,30$ 3.1 24,~38 39.5 55,523 15.6 28,759 13.0 18,_ 6.4 

1963-64 3,037 1.9 344 4.1 31,696 8.1 32,375 30.1 12,070 2.2 41,909 29.6 15,704 22.7 20,833 43.2 65,4~2 13.2 34,362 44.3 2,110 15.3 

1964-65 6,"7 + 1,379 1.2 39,218 4.1 46,972 21.7 7,232 1.2 1~,442 25.0 19,175 4.9 23,300 32.0 37,148 4.9 39,203 11.2 5,= 16.7 

1965-66 3,890 .. .. 0.4 3,OZT 5.4 26,~7 21.5 17,121 4.1 40,= 9.8 18,557 15.9 20,982 8.8 17,942 4.6 28,341 5.4 4,637 4.6 

1966-67 759 0.1 .. 2.8 235 1.3 13,910 8.1 5,283 11.9 26,3!l3 23.0 16,122- 10.9 12,Z3 12.5 25,735 5.3 25,916 3.0 7,1~ 8.1 

1:~7 .:::~:~ 8,687 1.5 613 10.6 15,490 3.6 29,011 30.4 10,305 8.8 ~,776 28.8 8,842 15.0 16,207 29.7 41,211 23.6 23,093 13.5 14,053 18.4 
--

Table II. Annual total martall ty rat. (~ for each major stock, estimated from data on aga composition between ages 5+ and 6+, and from catch and. spawn depo&1 tion data, by ~year 

periods. 

Upper east Upper west Upper east Middle Lower east Lower west Upper ... t 
cont coast Lower Upper Lower coast east coast cont coast coast 
Q.C.I. Q.C.I. Q.C.I. Northern central central V.I. V.I. V.I. V.I. V.I. 
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"u .... .. U .. e .. U "G .. u .... .. u .. e .. U ... .. u ... .. u ... .. u .. .. .. u ... .. u ... 

1932-33 to 1936-37 1928-29 to 1933-34 .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 0.51 .. 0.71 .. 0.30 .. 
1937-38 to 1941-42 1933-34 to 1938-39 .. .. .. .. 0.20 .. 0.61 0.75 0.39 .. 0.45 0.84 0.24 .. 0.69 .. 0.67 0.70 0.73 0.73 0.72 0.81 

1942-43 to 1946-47 1938-39 to 1943-44 .. .. .. .. .. 0.60 0.77 0.74 0.72 0.58 0.79 0.69 0.63 0.66 0.71 0.63 0.83 0.76 0.71 0.69 0.66 0.77 

1947,48 to 1951-52 1943-44 to 1948-49 .. .. .. .. 0.66 .. 0.65 0.66 0.83 0.59 0.77 0.70 0.63 0.67 0.80 0.64 0.80 0.79 0.79 0.75 0.71 0.72 

1952-53 to 19~-57 1948-49 to 1953-54 0.69 .. .. .. 0.89 0.70 0.87 0.71 0.72 0.69 0.90 0.72 0.91 0.63 0.87 0.60 0.96 0.72 0.73 0.75 0.84 0.69 

1957-58 to 1961-62 1953-54 to 1958-59 0.73 0.96 .. 0.76 0.72 0.77 0.70 0.70 0.73 0.85 0.81 0.80 0.48 0.68 0.57 0.70 0.86 0.75 0.71 0.76 0.41 0.60 

1962-63 to 1965-66 1958-59 to 1962-63 0.18 0.85 0.49 .. 0.49 0.66 0.52 0.71 0.53 0.79 0.83 0.79 0.44 0.74 0.57 0.63 0.98 0.82 0.81 0.82 0.92 0.82 

1963-64 1963-64 .. 0.77 .. .. .. 0.86 .. 0.71 .. 0.91 .. 0.83 .. 0.68 .. 0.64 .. 0.88 .. 0.68 .. O.~ 

1964-65 1964-65 .. .. .. 0.70 .. 0.94 .. 0.75 .. 0.92 .. 0.76 .. 0.87 .. 0.70 .. 0.91 .. 0.84 .. 0.59 

19~ 1965-66 .. 0.96 .. 0.64 .. 0.66 .. 0.72 .. 0.92 .. 0.95 .. 0.77 .. 0.84 .. 0.89 .. 0.89 .. 0.70 

1966-67 1966-67 .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 
----

Totel 

Catch 

_,962 

177,292 

83,174 

230,682 

185,067 

170,192 

219,578 

263,1~ 

259,892 

240,~1 

181,136 

133,720 

.. 

Spoorn 

179.4 

133.8 

119.7 

164.1 

186.8 

174.1 

192.1 

176.8 

214.7 

122.9 

80.5 

87.0 

.. 

.... .... 



Tabla III. Comparison of amount of spawn and the strength of the resulting year-class by population from 1935 to 1967. Upper west coast Queen Charl~tte I.la~Js 

stock omitted because of insufficient data due to short period of exploitation (1956-57 and from 1963-64 to 1965-66). 

---
Upper east Upper east Middle east Lower east Lower west Upper WtlS ~ 

coast Q.C.I. Lower Q.C.I. Northern Upper centra1 1 Lower centra11 coast V.I. coast V.I. coast V.I. coast V.I. coast V.I. 
-----

1935 Year-class .. .. . . (2.05) .. · . · . 0.66 0 0.71 0 0.72 0 
Spawn · . .. . . .. .. · . · . .. . . .. 

1936 Year-class .. . . 0.38 0 (O.as) . . . · . .. 0.48 D 0.48 0 :>.23 E 
Spawn · . .. .. .. . . .. · . .. .. . . 

1937 Year-class · . .. (0.35) D (0.66) D (0.72) D .. (0.73) D 0.90 C 1.06 C 0.50 0 
Spawn .. .. 19.2 D 29.3 A 30.8 B .. 13.0 0 34.2 A 22.9 B 6.2 0 

1938 Year-class .. .. (0.43) D (2.84) A (0.98) C .. 0.68 D 1.39 B 0.68 0 1.40 8 
Spawn .. .. 19.2 D 36.3 A 9.7 D .. 19.8 D 18.6 0 6.9 D 4.6 0 

1939 Year-class .. .. (0.18) E ( 1.30) B (0.70) D .. 0.61 D 0.65 0 0.38 D 1.11 C 
Spawn .. .. 12.5 D 22.1 B 11.9 D .. 38.5 B 29.0 C 18.6 C 4.5 0 

1940 Year-class .. .. (0.10) E (1.68) B (1.03) C 1.12 C 1.33 B 1.12 C 0.20 E 0.42 0 
Spawn .. .. 18.2 D 29.7 A 19.6 C 47.0 A 22.9 C 32.9 B 15.9 C 9.5 0 

1941 Year-class .. .. (0.26) D (2.09) A (0.62) D 0.59 D 0.31 D 0.72 0 0.48 D 0.32 0 
Spawn .. .. 14.3 D 35.0 A 24.9 C 38.6 A 50.4 A 23.8 C 16.3 C 7.1 D 

1942 Year-class .. .. (0.33) D (1.78) A (1.40) B 0.67 D 0.73 D 0.80 C 1.10 C 0.37 0 
Spawn .. .. 14.4 D 48.2 A 34.1 B 3.5 E 26.3 C 31.5 B 1.6 E 9.9 0 

1943 Year-class .. .. (0.34) D 0.70 D (0.51) D 0.38 D 0.64 D 1.29 B 2.82 A 0.75 0 
Spawn .. .. 3.4 E 30.4 A 11.8 0 11.3 D 36.3 B 21.8 C 8.3 D 4.8 0 

1944 Year-class .. .. 1.62 B 1.82 A ( 2.50) A 1.27 B 0.56 D 1.70 B 1.51 B 1.23 C 
Spawn .. .. 6.3 E 42.9 A 8.2 D 16.3 C 10.2 Q 11.9 D 6.2 D 8.0 D 

1945 Year-class .. .. 0.64 D 1.27 B ( 1.34) B 0.72 D 0.87 C 0.69 D 1.24 C 1.46 B 
Spawn .. .. 8.1 D 17.0 C 14.8 D 6.9 0 4.0 E 19.1 C 61.0 A 6.7 0 

1946 Year-class .. .. 0.80 C 0.45 0 0.67 D 0.89 C 1.23 C 1.13 C 1.04 C 0.91 C 
Spawn .. .. 21.9 C 56.1 A 23.8 C 4.8 D 21.1 D 24.6 C 45.5 A 8.2 0 

1947 Year-class .. .. 2.92 A 2.14 A 1.77 A 1.27 B 1.34 B 0.90 C 1.60 B 1.27 B 
Spawn .. .. 17.8 D 31.3 A 31.1 B 16.3 C 38.3 B 11.7 0 16.3 C 7.6 0 

1948 Year-class .. 2.16 A 1.04 C 0.52 0 0.95 C 1.02 C 0.69 D 0.83 C 0.56 D (0.57) 0 
Spawn .. 27.0 A 23.2 C 30.3 A 29.8 B 12.2 D 18.6 D 15.6 0 10.0 D 19.4 C 

1949 Year-class .. 0.73 D 0.49 D 0.30 D 0.41 D 0.58 D 0.97 C 0.99 C 0.70 0 (0.53) 0 
Spawn .. 8.3 D 27.2 C 9.3 D 28.8 B 18.9 C 29.2 C 29 ; 7 C 10.6 D 18.8 C 

1950 Year-class 2.00 A 1.08 C 0.61 D 0.20 E 0.63 D 0.78 C 1.72 B 1.30 B 0.68 D (1.92) A 
Spawn 0.5 E 8.1 D 53.5 A 16.0 C 35.2 B 28.3 B 31.9 C 18.5 D 17.3 C 14.9 C 

1951 Year-class 3.50 A 2.81 A 1.06 C 0.67 0 3.13 A 2.02 A 1.96 A 1.50 B 1.14 C ( 1.90) A 
Spawn 1.4 D 6.4 D 98.0 A 11.6 0 28.4 C 14.5 C 39.3 B 18.4 D 10.8 0 24.6 B 

..... 
~ 



Table III (continued) 

Upper east Upper east Middle east 
coast Q.C.I. Lower Q.C.I. Northern Upper centra1l Lower centra1 l coast V.I. coast V. I. 

1952 Year-class 1.22 C 0.46 D 0.45 D 0.06 E 0.41 D 1.02 C 1.31 B 
Spawn 0.8 D 4.6 D 13.9 D 3.8 E 11.5 C 10.0 D 36.6 B 

1953 Year-class 0.19 C 0.64 D 1.01 C 0.09 E 0.36 D 0.48 D 0.50 D 
Spawn 3.2 B 10.1 D 20.4 C 6.1 D 29.6 B 24.1 B 36.8 B 

1954 Year-class 0.42 D 0.28 D 0.46 D 0.33 D 0.81 C 0.80 C 0.60 .0 
Spawn 2.0 C 20.0 B 16.4 D 2.6 E 21.8 C 14.4 C 30.0 C 

1955 Year-class 0.54 D 0.55 D 0.61 D 0.60 D 1.12 C 1.65 B 0.15 D 
Spawn .. 11.2 C 22.9 C 1.4 E 28.5 B 9.2 D 38.0 B 

1956 Year-class 2.11 A 1.44 B 1.48 B 1.08 C 1.18 C 1.92 A 1.16 A 
Spawn .. 10.3 D 20.3 C 0.01 E 20.5 C 15.9 D 11.6 D 

1951 Year-class 1.08 C 0.54 D 0.14 D 0.32 D 0.32 D 0.86 C 1.41 B 
Spawn .. 2.8 E 32.2 C .. 12.5 D 10.8 D 11.9 D 

1958 Year-class 1.10 C 0.10 D (2.52) A 0.81 C 0.62 D ( 1.43) B 0.64 D 
Spawn 0.2 E 1.5 E 12.1 D 1.4 E 16.2 D 11.0 C 8.8 D 

1959 Year-class 0.30 D 0.10 D (1.34) B (1.94) A ( 1.66) B (1.34) B ( 1.10) C 
Spawn 1.1 D 12.5 C 21.6 C 4.0 E 12.2 D 20.0 C 26.8 C 

1960 Year-class 0.63 D (1.35) B (0.51) D (0.89) C ( 1.20) c ( 1.09) C (1.33) B 
Spawn 0.8 D 5.8 D 25.9 C 8.8 D 28.4 C 20.5 B 42.1 B 

1961 Year-class 0.36 D (0.43) D ( 1.68) B (0.52) D ( 1.00) C (2.99) A (2.11) A 
Spawn 3.8 B 11.8 C 35.6 B 4.1 E 11.2 D 16.1 C 35.2 C 

1962 Year-class (0.48) D (1.38) B (0.31) D (0.36) D (0.61) D .. (0.91) C 
Spawn 1.9 C 10.4 D 33.2 B 13.0 C 30.2 B 4.0 E 21.1 C 

1963 Year-class (0.10) D .. .. . . .. .. ( 1.02) C 
Spawn 0.1 D 1.5 D 59.8 A 1.3 E 22.4 C 3.1 E 39.5 B 

1964 Year-class .. .. .. . . . . .. . . 
Spawn 1.9 C 8.1 D 30.1 C 2.2 E 9.0 D 22.1 B 43.2 B 

1965 Year-class .. .. .. .. . . . . . . 
Spawn + E 4.1 D 22.1 C 1.1 E 9.0 D 5.0 D 32.0 C 

1966 Year-class .. .. .. . . .. . . . . 
Spawn 0.4 E 5.3 D 21.5 C 3.2 E 3.0 E 15.9 C 8.8 D 

1961 Year-class .. .. . . . . . . .. .. 
Spawn 0.1 E 1.3 E 8.1 D ll.8 C 5.2 E 10.9 D 12.8 D 

lUpper and lower central - major stocks only. 

A - very strong year-class or very heavy spawning; B - above average; C - average; D - below average; E - poor. 

Lower east Lower west 
coast V.I. coast V.I. 

1.15 C 0.56 D 
31.4 B 9.8 D 

0.83 C 0.95 C 
102.4 A 15.0 C 

0.91 C 0.90 C 
65.6 A 8.9 D 

0.53 D 1.05 C 
16.5 D 10.6 D 

1.41 B 1.56 B 
12.5 D 14.5 C 

1.10 C 0.83 C 
18.9 C 9.1 D 

0.41 D 0.92 C 
12.3 D 16.9 C 

(1.44) B ( 2.44) A 
26.2 C 9.5 D 

(1.10) C ( 1.10) B 
:?1.0 D 8.9 D 

(0.99) C ( 1.12) B 
17.6 D 12.6 C 

(0.50) D (0.94) C 
14.6 D 14.2 C 

(0.28) D (0.46) D 
15.6 D 13.0 C 

.. .. 
13.2 D 44.3 A 

.. .. 
4.9 E 11.2 D 

.. . . 
4.6 E 5.4 D 

. . .. 
5.3 E 3.0 E 

Upper west 
coast V. I. 

(0.15) C 
4.9 D 

(0.40) D 
48.1 A 

( 1.00) C 
20.2 B 

0.65 D 
18.3 C 

1.69 B 
54.2 A 

1.51 B 
31.9 A 

0.71 D 
ll.9 D 

( 1.12) B 
8.6 D 

(0.15) D 
6.8 D 

(0.69) D 
9.6 D 

(0.32) D 
23.8 B 

(0.20) E 
6.4 D 

.. 
15.3 C 

.. 
16.1 C 

.. 
4.6 D 

.. 
8.1 D 

.... 
Co) 
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APPENDIX I 

Method of averaging abundance indices 

The average of the abundance indices for the broods that provide the 
fish of ages 2+, 3+, and 4+, and in some northern stocks 5+, in each year 
weighted by their proportion in the population was calculated for each popu
lation each year. These averages are $hown by the solid circles in Fig. 1-4. 
The method of obtaining the average is best demonstrated by an example. Let 
us consider the 1958-59 season in the upper east coast Queen Charlotte Islands 
stocks. The data used are given in the tabulation below; 

Age 0+ 1+ 2+ 3+ 4+ 5+ 6+ 7+ 8+ 9+ 

Year-class 1958 1957 1956 1955 1954 1953 1952 1951 1950 1949 

Index of abundance of ( 1.43) 0.86 1.92 1.65 0.80 0.48 1.02 2.02 0.78 0.58 
, year-class 

Per cent age composition .. 7.52 62.37 13.31 6.61 2.12 2.74 2.86 1.20 1.26 

The calculation is as follows: 

(1.92 x 62.37) +(1.65 x 13.31) +(0.80 x 6.61) +(0.48 x 2.12) 148.0175 
~--------~~~----------~~---------~---~-----------~ = = 1.75 

62.37 + 13.31 + 6.61 + 2.12 84.41 
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APPENDIX II 

The estimation of seasonal total mortality rate from catch and spawn data 

To calculate total seasonal mortality rate (~) from data on catch and 
spawn deposition, the length of both the fishery and the spawning period and 
their times in relation to the start of the new season must be established. 

The data available, principally from age composition, suggest that 
recruitment to the fishable stock over the whole coast occurs at the end of 
summer, between the end of the summer and the start of the winter fisheries. 
The catches early in the winter fishery (mid September and October) are 
usually small but are apparently on recruited fish. This suggests that 
recruitment has occurred but may not be complete since the stock does not 
appear fully available. Catches in November particularly in the south may be 
substantial. The selection of November 1 as a date for the completion of 
recruitment and the start of the new season in all stocks does not appear 
unreasonable. 

An examination was made of the time and duration of the fishery and 
of the spawning period in various stocks over a lO-year period. The peak 
period of the fishery in most stocks was found to extend over about a month. 
The average proportion of the catch taken during the peak month varied with 
stock from 58 to 82%. In those cases where the proportion was low, the inclu
sion of one or two adjacent weeks served to raise it generally to over 80%. 
In different stocks the peak period occurred at different intervals after the 
assumed start of the new season. While there was some variation from year to 
year within a stock in the time of the fishery, the difference was rarely as 
much as two months. Models showed that differences of this magnitude would 
only produce a 2-3% difference in the estimate of annual total mortality rate. 
It was found that nearly all the spawning occurred in all stocks within a 
month and was between two weeks and a month earlier in southern stocks than in 
northern. 

To simplify calculation the following assumptions which are reason
ably well fulfilled in most stocks were made: 

1) Recruitment is complete by November 1, the start of the new 
season. 

2) The fishery and the spawning season each last for one month. 

3) The times of the start of the fishery and of the spawning period 
in the various stocks differ in respect to one another and to the start of 
the new season. In northern stocks (the three Queen Charlotte Islands stocks, 
the northern, and the upper and lower central) April was taken as the period 
of peak spawning, in southern stocks (those around Vancouver Island) March. 
The period of peak fishery was assumed to be November in the lower east 
coast Vancouver Island stock, December in the middle east coast Vancouver 
Island stock, January in the upper east coast, and upper and lower 
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Appendix .11 (continued) 

west coast Vancouver Island stock, February in the upper and lower central, 
northern, and upper east coast Queen Charlotte Islands stock and March in the 
upper west coast and lower Queen Charlotte Islands stock. 

4) Natural mortality rate is 0.50, constant with age, and occurs 
evenly throughout the fishery. Tester (1955) showed that natural mortality 
rate in the lower east and lower west coast stocks varied with age. The use 
of a constant rate of 50% representing the arithmetic mean of the varying 
rates found by Tester between four consecutive fully-recruited age-groups 
greatly simplified calculation and probably introduces only relatively small 
errors. 

The method below is based on numbers of fish in the catch and spawn, 
~sing information on per cent age composition and on the average weight of 
fish of each age-group. Stevenson and Outram (1953) developed a method for 
obtaining the number of fish in the spawning stock from estimates of spawn 
deposition. This method developed for the lower east and lower west coast 
stocks also proved applicable to other stocks. The calculations of p and 
thence of a are as follows: -

( 1) S 

( 3) 

( 4) C = 

(5 ) 

where S = number of spawners at the start of the 
spawning period. 

S ~ average number of spawners as obtained from 
estimates of spawn deposition. 

i 1 and al are rates, using Ricker's (1958) 
terminology, applying during the spawning 
period of one month. 

where Ne = number of fish at end of season. 
sse = survival rate from the start of the spawning 

period to the end of the season, with 
natural mortality only operating. 

where Not = number of fish at the start of the fishery. 
Ste= survival rate from the start of the fishery 

to the end of the season. 

where C = catch in numbers. 

p, a and i are rates during the month of the 
fishery. 
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Appendix II (continued) 

This expression can be solved graphically for p - and the instantaneous 
total and the annual total mortality rates then obtained. 

The estimates of annual total mortality rate (~) for each stock are 
shown in Table II. 
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Fig. 1. Total stock size in millions of fish (solid line) and the weighted average 
strength of the year-classes providing 2+, 3+, 4+, and 5+ year old fish (dotted 
line) in the upper east coast, Queen Charlotte Islands, and lower Queen 
Charlotte Islands stocks. 
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Islands stocks. 
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Fig. 6. The relationship between year-class strength and the amount of spawn in 
the northern and upper central stocks. 
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Fig. 7. The relationship between year-class strength and the amount of spawn in 
the lower central and upper east coast of Vancouver Island stocks. 
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Fig. 8. The relationship between year-class strength and the amount of spawn in 
the middle and lower east coast of Vancouver Island stocks. 
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Fig. 9. The relationship between year-class strength and the amount of spawn in 
the upper and lower west coast of Vancouver Island stocks. 


