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THE PACIFIC HERRING (Clupea pallas;) ALONG THE 
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Pacific Biological Station, N anaimo, B. C. 

I. History and Development of the Fishery 

107 

The following brief review of the history and deyelopment of the herring 
fishery in British Columbia waters is based largely on the detailed accounts 
given by Tester (88, 108, 1141), with material added to bring the account up 
to date. 

Herring have been fished in British Columbia waters since 1877. In that 
year a catch of about 75 tons was made. In 1953-54 the total catch was about 
211,000 tons. Fig. I shows the annual catch, with the contributions made by 
the various sub·districts (see map) from 1910·11 onwards. Catches prior to 
1910 are not shown for the records are unreliable. The figures are compiled 
from data given in the Annual Reports of the Fisheries Branch of the 
Department of Marine and Fisheries, Fisheries Statistics of Canada and British 
Columbia Catch Statistics issued by the Federal Department of Fisheries. 
Records from 1910 to 1916 represent the fiscal year, which includes an entire 
herring season (October to February), records from 1917 to 1932 are for the 
calendar year, while those for 1933-34 onwards are for the herring season. The 
error introduced in using the calendar year is not great, as the major part of 
the fishery had taken place by the end of December. Apart from the annual 
fluctuations in total catch eight periods may be recognized ill the development 
of the fishery: 

(1) From 18i7 to 1900 the catch increased slowly from about 75 tons to 
500 tons. 

(2) From 1900 to 1909 the annual catch increased to about 30,000 tons. The 
opening of an oriental market for dry-salted herring in 1904 was largely 
responsible for this increase. 

(3) From 1909 to 1919 the catch varied between 15,000 and 35,000 tons 
a year, with an average catch of about 20,000 tons. During the First 
World War the dry-salt industry declined but canning increased to 
meet war needs. Prior to 1911, fishing operations were mainly confined 
to the lower east coast of Vancouver Island. In 1911-12 commercial 
fishing took place for the first time in Barkley Sound on the west coast 
of Vancouver Island. 

(4) From 1919 to 1927 the catch rose from 30,000 to 85,000 tons as a result 
of the great expansion of the dry-salt industry to satisfy the oriental 
market. The canning of herring decreased during this period. In 1926-27 
fishing was expanded on the west coast of Vancouver Island to the areas 
northwest of Barkley Sound. 

(5) From 1927 to 1934-35 the annual catch dropped from 85,000 tons to 
30,000 tons, due to the loss of the market for dry-salt herring. 

1 A bibliography of publications by the Fisheries Re.earch Board of Canada on h.rring i.s given at the 
end of tbis report. References are given by italicized numbers in parentheses throughout the text or at 
the end of sections. 
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(6) In the period from 1934-35 to 1936-37 the annual catch increased to 
about 100,000 tons as a result of the development of the reduction 
industry first established in 1924. The development of the reduction 
industry was accompanied by the expansion of large scale herring 
fishing to include waters in the northern (in 1933-34) and in the central 
(in 1936-37) sub-districts. A small fishery had taken place in waters of 
northern British Columbia from the earliest years of the fishery; as 
the catches probably averaged less than 1,000 tons, they are not shown 
in Fig. I. 
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FICURE I. British Columbia herring catches by suh-district from 1910 to 195~ . 
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(7) Between 1936-37 and 1945-46 the anllua1 catch fluctuated around 
110,000 tons. The greater·than.average catch of 1939-40 resulted from 
high catches in the northern and central sub·districts, while the below· 
average catch of 1942-43 was the result of poor catches in these same 
sub-districts. Market conditions were good. particularly in the latter 
part of the period both for oil and meal and for canned herring. In 
1938·39 the Queen Charlotte Islands sub-district was first fished and 
in 1939·40 the upper east coast and middle east coast (Discovery Passage) 
sub-districts. 

(8) From 1945·46 to 1948·49 the catch increased to about 185,000 tons and 
has remained at that level until the present. The greatly increased 
catches have resulted from the intensive exploitation of all British 
Columbia herring stocks, in particular those in the northern and 
central sub·districts. The development of more efficient fishing methods 
also contributed to this increase. It is now virtually certain that no 
unexploited stocks of any size remain in British Columbia waters. The 
increase in catch on the west coast in 1946·47 was the result of the 
removal of quota restrictions. In 1952·53 the almost complete lack of 
a fishery is explained by the failure of the fishermen's union and 
companies to agree on the price to be paid. A minor fishery, chiefly 
for bait and dry·salt herring was permitted. 

2. Regulations Governing the Fishery 

Reviewed briefly below are the more important regulations governing the 
herring fishery. 

A. Gear Restrictions 

Up to 1905 the fishery was carried out almo)t exclusively by drag or beach 
seines. These nets were 10 to 30 fathoms long and 2 to 5 fathoms deep. 

By 1905 drift gill-nets had come into use at Point Grey near Vancouver 
and at Departure Bay and Nanaimo Harbour on the east coast of Vancouver 
Island. These nets, made up of units each 20 fathoms long and 3 to 4 fathoms 
deep, were set in strings up to half a mile long. They permitted fishing in 
deeper water than beach seines. The drift nets were made of cotton with a 
stretched mesh size of 2 to 2!1:! inches. 

Purse seines did not come into use until 1910. A controversy arose over 
their supposed destruction of small fish and it was not until 1913 that their 
use was finally permitted. For many years the mesh size has been fixed at not 
less than I Y2 inches stretched measure. Over the years there has been a tendency 
to allow the use of longer and deeper nets, at present nets up to 275 fathoms 
in length may be used. For some years prior to 1941-42 "double" or "twin" 
seines operated from two boats working together were used by fishermen of 
Japanese origin. Since the 1942-43 season when Japanese fishermen were 
excluded from the herring fishery as a wartime precaution, only single seines 
have been employed. 

B. Area Restrictions 

Certain small areas are dosed to commercial fishing either to prevent the 
disturbance of local sport or commercial troll fisheries for salmon or to protect 
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certain local herring populations used extensively as a source of bait or for 
food by natives. In general such closures are not important in limiting the 
total catch of a statistical area. 

C. Time Restrictions 

A closed season has been in effect for many years to protect the herring 
during spawning time. The opening date has varied over the years from 
May I to September 30 and in general has had little effect on the fishery 
which usually does not develop until at least October. For many years a closure 
date of February 5 has been maintained for district 3 (see map). In district 2 
prior to 1942, when a closing date of March 10 was set, fishing was closed on 
reports that herring were ready to spawn or when it was judged further fishing 
might endanger the run. Time extensions beyond the closing date have 
occasionally been granted. The Chief Supervisor of Fisheries reserves the right 
to close areas at any time for the purpose of conservation. There has also been 
in force for many years a weekly closed period from 12 o'clock noon Saturday 
to 12 o'clock noon on Sunday in districts I and 3. This was extended to 
district 2 in 1941-42. In 1950·51 it was changed fn all areas from 12 o'clock 
noon on Friday to 12 o'clock noon on Sunday. This weekly closed period has 
no special conservational purpose but allows the fishermen a period for rest 
and net repair. 

D. Quotas 

In 1936·37 catch quotas were established for fishing grounds on the lower 
east coast and the west coast of Vancouver Island. These steps were taken 
to halt an apparent decline in abundance on the west coast and to prevent 
the possibility of a similar decline on the lower east coast. Because of the 
indicated presence of essentially independent runs, sub-quotas were established 
for individual areas on the west coast. Quotas were arbitrarily fixed at tonnages 
below the maximum catches of fonner years, but larger than the minimum 
catches of later years. Various adjustments have been made to the size of the 
quotas and to the areas covered by individual quotas as research data gave a 
dearer picture of the nature and size of the stocks involved. 

In 1940·41 a quota of 5,000 tons was applied to the Discovery Passag<; 
region (Area 13). In 1948-49, the middle east coast sub·district was formed by 
combining the Discovery Passage region (Area 13) with Areas 14, 15, and 16, 
formerly part of the lower east coast sub·district. The quota was increased to 
10,000 tons. In 1941·42, quotas were also applied to the fisheries in the 
northern, central and upper east coast sub·districts. In the same year, when 
information from the tagging program indicated that there was a considerable 
degree of intermixing hetween populations from adjacent areas on the west 
coast, sub-quotas were abolished there. No quota has ever been applied to 
fishing grounds in the east coast of the Queen Charlotte Islands. 

In 1946-47 in order to determine the efficacy of quotas in regulating the 
catch, the quota on the west coast was removed and plans were made to study 
over a period of years the fluctuations in a population where no quota 



TABLJ:: I. Quotas and quota extensions by sub-district and season, 
in thousands of tons. 
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1936·37 25· 40· 15· 5 10 10· 5 
5 5· 

1937·38 25· 40 15· 5 10 10 5· 
1938-39 25· 40 15 5 10 10 5· 
1939-40 25· 40 15 5 10 10 5 

10 

1940-41 5· 30· 40 15 5 10 10 5 
1941-42 25 40 8 5· 30· 2.~ 3 

5 20· 
1942-43 25 40 8 5 30· 25 3· 

20· 
1943-44 25 40 8 -oil tJ 30· 25 3· 

20 
1944-45 25 40 8· 5· 30· 25 

10· 
-

1945-46 25 40 8 5· 30· 25 
10· 

1946-47 25 40 8 5· 40· 
1947-48 25· 40 8 5· 40· 

15· (I.E· -
1948-49 30 40· 10 10· 40· 

(2) .!..Q.. (3) 5 
-

1949·50 30· 40· 10 10· 40· 
10· 4· 

1950·51 30· 40· 10 JO. 40· 
20· 10· 4 

1951-52 30· 40· 10 10· 40· 
10· 
10· 

1952-53 30 40 10 10 40 
1953-54 30;t 40 10 10· 40· 

10· 10· -
5 

(I) A quota extension of 5,000 tons granted to be taken in Area 14 only. 
(2) Area 5 removed from central sulJ.district and included in northern sulJ.district. 
(3) Middle east coast sub-district formed, with quota of 10,000 

and Area 14 (previously in lower east coast sub·district). 
ton~. comprising Discov('ry Passage Area 
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restrictions WlTe applied and ill a populatioll. the lower l'a~t coast, where strict 
quota restrictions were maintained. The results of this experiment are discussed 
in more detail later. 

Quota extensions have been granted in a number of sub-districts and areas 
when such appeared justified by the apparent auundallce of herring on the 
fishing grounds. Since the establishment of the comparative study of the lower 
east coast and west coast populations in 1946-47 no quota extensions have. been 
granted for the lower east coast population . An exception was made in 1953-54 
when it was considered that there was a much larger than normal carryover 
of fish resulting from the failure to fish in the previous year. The quotas for 
the various sub-districts are shown in Table 1, quota extensions are underlined, 
an asterisk indicates that the quota or extension was reached or approximated. 

3. Herring Researc:h 

A. Introduction 

The objective of the herring investigation is to obtain scientific information 
on the life history and population dynamics of the Pacific herring that will 
provide a basis for securing the maximum annual yield from the fishery 
consistent with sound conservational practice. 

To obtain maximum sustained yield from any fishery information is 
required on three important points. 

(I) Does the supply of fish consist of one stock spread throughout all 
areas in which the fishery is prosecuted or are there a number of essentially 
discrete stocks present within various areas? If the former is the case, one 
management formula and a uniform system of regulations can be developed 
for the fishery as a whole; if the latter is the case, each stock may require to 
be treated separately. 

(2) What is the relationship between natural mortality and growth rate? 
At what age or size is the point of equilibrium between increase in weight 
to the stocks through growth balanced by the loss in weight through death by 
natural causes? "'hen a virgin population is first exploited the accumulation 
of old fish is caught off first. As fishing effort increases, the resulting average 
size and age of the fish in the population decreases as an increased proportion 
of the older fish is removed. Assuming a constant supply of recruits, total 
catch wiII increase with increasing fishing effort until the average size (or age) 
of the fish in the population is such that growth in weight of the population 
is balanced by loss through natural causes. If fishing effort is increased beyond 
this point a decrease in total catch wiII res~lt since the population is being 
exploited at a time when its net weight is increasing. If this point of equilibrium 
occurs before the fish are recruited, then maximum yield will be obtained by 
taking all the recruits. This, of course, would only be feasible provided the 
fish also matured and spawned before recruitment, producing an adequate 
supply of recruits to sustain the population. However, the more usual situation 
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is for recruitment to occur either at or before maturity. In this case it would 
not be possible to take all the recruits entering the fishery for then no spawning 
stock would be left. The maximum sustained catch must, therefore, occur at 
a level of fishing intensity less than 100 per cent where sufficient escapement 
is permitted to ensure the production of a constant supply of recruits. Emphasis 
is thus thrown on the maintenance of an adequate supply of new recruits and, 
therefore, on the maintenance of an adequate spawning stock to keep the 
fishery stabilized at the optimum level of abundance. 

If the point of equilibrium occurs after the fish are recruited to the 
fishable stock it may be possible to obtain the theoretical maximum annual 
yield, provided that sufficient spawning to sustain the population is provided 
by that segment of the fishable population which is below the size (or age) 
at which the point of equilibrium occurs. If this condition is not fulfilled, then 
maximum sustained catch will again occur at some lower level of fishing 
intensity that would permit adequate escapemen~. 

(3) The relationship between the number of spawners and the number of 
new recruits must, therefore, be established. Theoretically in a fish population 
the relationship between the amount of spawn deposited (or the number of 
spawners) and the resulting recruitment is such that there is a direct relationship 
up to a certain point beyond which a further increase in spawn deposition 
produces no further increase in recruitment. This arises because of decreased 
survival resulting from increased population pressure (overcrowding and 
consequent greater loss because of increased competition for food, increased 
incidence of disease, etc.). The point at which the direct relationship between 
the amount of spawn deposited and the resulting number of recruits ceases is 
theoretically the optimum size of spawning population for producing maximum 
yield in numbers. 

Data on a number of other points are required for the interpretation of 
information on the three points discussed above. The life history of the species, 
the fecudity, the age of the fish at maturity, the age or ages at which recruitment 
to the fishable population occurs, the sex ratio, the age composition of the 
fishable stock, the exploitation rates and estimates of the amount of spawning 
escapement in the various stocks must be known. 

It is realized that natural populations are never static. From year to year, 
varying environmental conditions will produce varia lions in the size of the 
year-class resulting from a constant amount of spawn deposition. It is, therefore, 
obviously not feasible to ensure a constant number of recruits to a fishery. 
What can be done is through a knowledge of the factors affecting survival to 
recruitment, to estimate the size of the resulting year-class at recruitment and 
then to regulat~ the fishery so as to allow sufficient escapement to produce again 
the desired amount of spawn deposition. Therefore, a knowledge of factors 
influencing survival of the spawn, of the larvae, and of the juveniles, as well 
as of the adults is of importance in maintaining the annual catch at the highest 
sust~ined level. 
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B. Present Knowledge 

The object of the research can'ied out by the herring investigation is to 
obtain as complete answers as possible to the foregoing questions. The more 
important results obtained to date are as follows: 

(I) Major Herring Stocks. The herring stocks in British Columbia waters 
consist of seven major essentially discrete populations in the following regions: 
the east coast of the Queen Charlotte Islands, the northern, the central, the 
upper east coast of Vancouver Island, the middle east coast of Vancouver Island, 
the lower east coast of Vancouver Island and the west coast of Vancouver Island 
sub- districts. Small local populations occur in nearly all sub-districts but more 
particularly in the middle east coast, upper east coast and central sub-districts. 
The existence of distinct populations was demonstrated by racial studies 
involving, in particular, mean vertebral number, (29, 41, 89, and 115), and by a 
tagging and tag recovery program (15, 18, 20, 22, 24, 25, 27, 28, 29, 30, 62, 
68, 69, 70, 72, 103, 104, 109, 112, 120, 121, 124, 126). 

The results of studies of mean vertebral number also indicated that the 
herring populations inhabiting each of the areas within the west coast sub
district formed essentially discrete populations with limited intermixing. The 
results of the tagging program partially confirmed this but indicated that 
mixing was more than "limited," that, while generally speaking, about 55 
per cent of the stock returned to the area of tagging, 45 per cent wandered to 
other areas, with a greater proportion going to contiguous areas than to more 
distant areas (115). It was on the basis of these findings that the catch quotas 
and later the modifications to them were established. 

(2) Age Composition. Information from the annual sampling program 
initiated in 1929 has shown that the fishery depends almost entirely on mature 
herring, taken during their inshore spawning migration. These runs con~ist 

of fish of Ages I to XI with the great proportion (80 to 90 per cent) of Ages III 
to VI. In the southern waters of the province recruitment occurs mainly at 
Age III and to a lesser extent at Age IV. In northern waters a greater 
proportion of the recruitment occurs at Age IV than in the southern waters. 
In both the north and south some recruitment occurs at Ages I and II, but 
is of minor importance. In the catches, Age III forms the dominant age-group 
in the south and Ages III and IV in the north. 

The sampling program has also shown that considerable variations exist 
in year-class strength. The presence of dominant year-classes has been indicated. 
These strong year-classes make their presence felt in the fishery for only a 
relatively short period, usually two to four years. The fluctuations in abundance 
in the various sub-districts have been attributed mainly to variations in the 
relative strengths of the year-classes contributing to the stocks. 

(3) Natural Mortality. Natural mortality rate (percentage decrease from 
-one age group to the next) may be es.timated from the average age composition 
of virgin or near-virgin populations. Samples from two such populations are 
available, from the Barkley Sound population in 1915-16 and 1916-17, and 
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from the Queen Charlotte Islands population during the first four years of 
fishing (1938-39 to 1941-42). The Barkley ·Sound samples indicated a natura! 
mortality rate of 60 per cent between Ages VI and XI. The Queen Charlotte 
Islands samples indicated an average mortality rate of 50 to 60 per cent between 
the same ages, with definite indications that the mortality rate increases with 
age (50). Data from Barkley Sound on the average weight of herring over a 
16-year period indicated that growth is much more rapid in early than in 
later years of life. The weight increment is large between Age I and II (225 
per cent) but decreases rapidly and consistently with increasing age to a very 
small increment (4.5 per cent) between Age VIII and IX. The increment be
tween Age II and III is 67 per cent, between Age III and IV 25 per cent and 
between Age IV and V 15 per cent. The rate of increase, therefore, of the 
fishable population from growth in weight is much less than the rate of decrease 
from natural mortality. Therefore, maximum yield will be obtained with an 
intense fishery, the intensity being as great as is consistent with the maintenance 
of the supply of young (114). 

(4) Efficacy of Catch Quotas. A fishery as intense as is consistent with the 
maintenance of an adequate supply of young is required for the most effective 
and efficient exploitation of the herring stocks. In view of this fact two 
important and to a degree interrelated questions arise. One concerns the 
efficacy of catch quotas in regulating the fishery and the other the relationship 
between the amount of spawn deposition (or the size of the spawning stock) 
and the size of the resulting year-class. To derive information on these two 
questions, quota restrictions were removed in 1946-'17 on fishing in the west 
coast sub-district, while at the same time the quota on the lower east coast 
was increased to 40,000 tons with the understanding that it be rigidly maintained 
at this level. The intention was that this population should act as a control 
against which fluctuations in the west coast populations resulting from 
unrestricted fishing could be assessed. It was also considered that by permitting 
increased fishing effort on the west coast, the stocks there might be reduced 
to a level where spawn deposition and resulting year-class strength would 
become directly proportional. This should allow the determination of the 
point beyond which an increase in spawn deposition failed to produce an 
increase in the resulting year-class. It is at this point that the maximum 
number of recruits is provided by the minimum size of spawning stock, or in 
other words, the point at which maximum catch consistent with the provision 
of an adequate supply of young occurs. 

Prior to the inception of this prograIll all the available data indicated 
that there was no apparent relationship between spawn deposition and year
class strength; good year-classes had resulted from poor spawnings. and poor 
year-classes from medium or good spawnings. 

During the first five years (1946-47 to 19:10-51) high population abundance 
characterized the lower east coast and the west coast populations. In the sixth 
year (1951-52) population abundance was redl\ced sharply on the west coast, 
but remained hgh on the lower east coast (69). The lack of a fishery in 1952-53 
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prevented the determination of the effects of unrestricted fishing on ~he west 
coast stocks during a period of low population abundance. 

The results of this study to date indicate that during periods of high 
population abundance, quota restrictions on fishing on the west coast popula
tion appear unnecessary to maintain an adequate spawning stock. Spawn 
deposition shows no relationship to future recruitment. It appears that 
natural restriction on catch imposed particularly by late inshore migration in 
certain areas and also by the size and geographical configuration of the region 
are effective in limiting exploitation during periods of high population 
abundance. However, whether they are sufficiently effective during periods 
of low population abun,dance reinains to be determined (72). 

On the lower east coast for the past seven years with the exception of 
1952-53, the quota has accounted for between one-half and three-quarters of 
the total lower east coast population each year, while unrestricted fishing on 
the west coast has attained a comparable degree of exploitation in one year 
only (1947) (72). The simple pattern of inshore~migration of. the lower east 
coast stocks through a continuous series of fishing localities renders this stock 
particularly susceptible to excessive exploitation. At the present rate of 
exploitation there is some evidence pointing to a tendency for year-class strength 
to be d!rectly related to the amount of spawn deposited (72). Furthermore, 
there is good evidence that further catches could have been made on the lower 
east coast after the quota was taken and, therefore, that a higher rate of 
exploitation could be attained if quota restrictions were removed. The 
possibility, therefore, may exist that removal of the lower cast coast quota might 
result in such high exploitation that the spawning stocks would be reduced to 
a level where future population abundance would be endangered. 

Detailed information on the comparative study of the lower east coast and 
west coast populations is contained in the Annual Reports of the B.C. Depart
ment of Fisheries from 1946 onwards (62, 68, 69, 70, 72, 12-1, 126). 

W'hile detailed studies have not been made to date of the effectiveness of 
quotas in other sub-districts there are indications that the exploitation rates 
attainable under these quotas are of the same order as those in the lower east 
coast and west coast of Vancouver Island sub-districts. 

(5) Spawn Surveys. For many years spawning ground surveys have been 
carried out by the Inspectors of the Federal Department of Fisheries. In earlier 
years (1930-86) the inspectors made qualitative observations of the individual 
spawni,:\gs that came to their attention. From 1937 onwards efforts were made 
to obtain more detailed, complete and u.niform information. Herring spawn 
surveys became a regular part of the inspectors' duties and they were required 
to patrol their areas during the entire spawning period and to submit informa
tion on the date, length, average width, depth and intensity of egg deposition 
on each individual spawning. In 1946-47 when the comparative study of the 
lower east coast and west coast populations was initiated, annual, independent 
spawn surveys on the west coast were undertaken by members of the herring 
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investigation. The purpose was to provide more detailed information on 
spawnings on the west coast and to study factors affecting spawn survival. 

Besides indicating that under existing levels of fishing intensity there was 
no apparent direct relationship between the amount of spawn deposited and 
the resulting year-class strength, certain information has been obtained on 
the factors affecting the survival of spawn. Bird predation on individual 
spawnings has been found to be variable but generally severe, resulting in 
mortalities of 30 to 90 per cent. However, the net effect is presumed to be 
relatively constant from year to year. The location of the spawning area itself, 
the location of the spawn on the beach and the type of substrate have also 
been found to alfect survival. Survival is highest in locations partially protected 
from wave action and least in both exposed and well protected localities; it is 
higher when the eggs are deposited on eelgrass and lower when the eggs are 
deposited on rock.weed. sedgegrass and detritus; it is highest near zero tide level. 

In general. it is believed that variation in the amount of spawn is not as 
important in producing variations in year·c1ass survival as variations in the 
survival of larvae and juveniles. 

(6) Larval Studies. From 1947 to 1951 field studies on larval herring off 
the west coast of Vancouver Island were carried out. The purpose of these 
studies was to determine the distribution of the larvae and to assess the factors 
affecting their survival. The salient features of larval distribution were 
determined and the tentative conclusion was r~ached that the survival was 
related to the degree of dispersion from the spawning locality, the greater the 
degree of dispersion the less the survival. 

There is evidence that the period of early larval life (i. e. the month of 
April) may be a critical period in herring survival. A statistically significant 
inverse relation has been obtained between the amount of northwest winds on 
the west coast of Vancouver Island in the month of April and the recruitment 
of the year-class subjected to those wind conditions. It appears that when the 
April winds are dominantly northwest a strong surface current flowing offshore 
is produced. and heavy larval mortality results (62). There are also indications 
that annllal variation in amount of river runoff may lessen or increase the 
Row of this current and thereby modify the effect of winds on larval sllrvival 
and eventual recruitment. 

(7) Juvenile Studies. Preliminary studies on the distribution of young 
juvenile herring (after metamorphosis) were begun in 1950. It became apparent 
that juvenile herring were not as subject as the larvae to decimation by adverse 
environmental conditions because they were able to a degree actively to seek. 
out and maintain themselves within a desirable environment. Intensive studies 
on juvenile distribution and abundance have been carried out in the Barkley 
Sound area of the west coast of Vancouver Island since 1951. The main purpose 
was to determine whether it was possible to predict year·c1ass strength at 
recruitment from the abundance of juveniles two and a half years earlier and 
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also to obtain information on thc environmcnt factors governing their 
distribution and abundance. 

Results to datc havc indicatcd that within Barkley Sound thcl'e is a number 
of sub·populations of juveniles, between which mixing is usually less than 30 
per cent. These populations tend to concentrate in inlets and in the lee of 
large islands. The locations of the rearing grounds appear to bear no evident 
relationship to the spawning grounds and may often be at some distance (10 
to 20 miles) from them. Juveniles remain within the Sound during the summer 
and migrate seaward in early fall . It is still too early to be able to determine 
whether there is any relationship between juvenile abundance and year-class 
size at recruitment two and a half years later. 

C. Future Plans 

(I) Continuing Programs 

(a) The coastwise coverage of the present sampling program and fisheries 
officers spawn surveys will be continued. These two programs, together with 
information on catch, provide the basic data required ~or the prediction and 
assessment of the fluctuations in population abundance in the various sub
districts. 

(b) The main purpose of the tagging program has been to define the major 
hcrring stocks in British Columbia waters and to asscss the cxtent of inter· 
mixture between them. It is considered that for the purpose of regulation and 
management thesc objectives have largely been achieved. The extensive coast· 
wise tagging program will, therefore, be discontinued. In thc future intensive 
adult and juvenile tagging may still be necessary in certain areas to answer 
certain specific questions. One of the most important immediate problems 
involved here is the relationship between the young produced in an area and 
the mature adults spawning there. 

(2) Planned Programs. These are programs which it is hoped to initiate in 
thc relatively near future. 

(a) To obtain all the information necessary on the effects of unrcstrictcd 
fishing from the present comparative study of the lower east coast and west 
coast populations, this experiment would have to be continued indefinitely 
until natural fluctuations in year-class strength resulted in a period of low 
population abundance. A more definite approach is required. It is, therefore, 
planned to discontinue the present comparativc study and to substitute a better 
designed controlled experiment in another area. 

(b) To assess ycar·c1ass strength prior to recruitmcnt, determinations of 
juvenile population size will be employed in certain areas. 

(c) Improvements in existing methods and the development of new methods 
of estimating the size of the spawning stock are planned. At present a factor 
derived from the extent and intensity of spawn deposition is used as an index 
to t~e size of the spawning stock. It is planned to attempt to estimate the 
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spawning stock directly by echo-sounding surveys of the grounds after the 
fishing season. 

(d) It may be possible from the extent and intensity of spawning (number 
of eggs per sq. ft.) and from knowledge of herring fecundity to form an 
estimate of the size of the spawning escapement. While reliable information 
on extent and intensity of spawn deposition are available from the spawn 
surveys, there is little detailed information on fecundity. It is planned to 
undertake studies to determine the variation in the various stocks in the 
numbers of eggs with the size and age of the female. 

(e) It is planned to undertake experiments to improve tag recovery methods. 
At present tags are recovered either on magnets placed in the meal lines in 
the reduction plants or by induction type detectors placed in the unloading 
machinery. The information provided by detector recoveries is by far the more 
reliable. Unfortunately the necessarily small size of the metal tag results in a 
low signal-to-noise ratio and somewhat unstable detector operation. It is, 
therefore, planned to undertake experiments to improve detector efficiency 
and stability. 

(3) Projected Programs. Consideration is being given to programs to study: 

(a) The factors influencing the migration of adult herring, particularly 
the inshore spawning migration. An understanding of these factors might 
enable prediction to be made of the time and place of such migrations, thereby, 
permitting more efficient disposition and control of the fishing fleets. 

(b) The period in the life history between offshore migration as juveniles 
in the fall of their first year and recruitment to the adult stocks one or two 
years later. 

4. Acknowledgements 

The credit for the accomplishments in herring research on the Pacific 
coast of Canada belong both to those who have had the responsibility for 
planning and supervising the various projects and to those who were responsible 
for carrying them out. No individual acknowledgment can be made here of 
the important contributions of the latter group beyond the references to their 
work in the accompanying bibliography. In the former group, reference must 
be made of the outstanding part played by Dr. A. L. Tester, now of the 
University of Hawaii, who was largely responsible for the basic planning of 
the research and who set the tone of much of the subsequent work, and by 
Mr. J. C. Stevenson, now assistant director of the Pacific Biological Station, 
who succeeded Dr. Tester in the supervision of herring research. Dr. J. L. 
Hart, director of the Atlantic Biological Station, made an important contribution 
to herring research both directly in the earlier years of the investigation and 
also later during his tenure as director of the Pacific Biological Station. The 
interest and encouragement shown by Dr. A. 'V. H. Needler, director of the 
Pacific Biological Station, in the planning of future herring research projects is 
gratefully acknowledged. 



\ 
f 

r. 

HERRII\G ALOI\G CA:\ADIAI\ COAST 

Bibliography-Pacific Herring 

FISHERIES RESE.-\RCH ROARD OF C.-\~.-\D.-\ 

1. RIELY, J., B. E. MARCH and H . L. A. TARR. 

121 

1952 The nutritive value of fish lIleal and condenscd fish ~oluhles. IV. A comparison 
of herring meals made hy drying herring pre.;~ cake commcrcially and expcri. 
mcntally at lowcr tcmpcraturcs. Fish. Rc.;. Rd. Can., i'l'og. RCpt. Pac. 90. pp. 10-13. 

2. BOUGHTON, R. V. 
1939 Herring rullS north of VaUfOlll'el' Island. Fish. R~. Rd. Can .. l'rog. Rcpt. Pac., 

42, pp. 12-15. 

3. BOUGHTON, R. V. 
1940 Laredo herring. Fish. Res. Rd . Can" Prog. Rept. Pac., 45, pp. 12-14. 

4. BOUGHTON, R. V. 
1941 Slow growing herring from Smith Inlet. Fish. Rc~. Bd. Can _, Prog. Rept. Pac., 

49, pp. 11-12. 

5. CARTER, N_ M. 
1932 The salting of herring. Fish . Res . Bd . Can., Prog. Rept. Pac., 13, pp. 3·7. 

6. CARTER, N_ M. 
1933 The salting of "round" herring. Fish. Res. Bd_ Can., Prog_ Rept . Pac., 17, pp. 8-12. 

7. CARTER, N. M. 
1938 The measurcment of herring oil in bulk. Fish. Res. Rd_ Can., Prog. Rept. Pac., 

36, pp. 16-19. 

8. CARTER, N_ M. 
1943 "Pearl E.~scuce" from scales of British Columhia herring. Fish. Res. Bd . Can., 

Prog. Rep!. Pac., 55, pp. 18-20. 

9. FRASER, C. MeL. 
1916 On CII/Pea pallasii Cuvier and Valenciennes. Trans. Roy. Can. Instit., II, 

pp. 97-108. 

10. FRASER, C. MeL. 
1921 The Pacific herring. Contrib. Can. BioI. and Fish., 6, pp. 103-111. 

I J. GWYN, A. M. 
1940 The dcvelopment of thc "ertcbral column of thc Pacific herring (CluJIt?a pallas;i). 

J. Fish . Res. Rd. Can., 5 (I), pp_ 11-22. 

12. H:\RRISO~, J. S. M. and L. J. SCHMIDT. 
1951 Mechanical brining for salt hcrring. Fish. Res. Bd. Can., Prog. Rept. Pac., 
86, pp. 3-5. 

13. HART, J. L. and J. L. McHUGH. 
1939 Vcrtchral numhcr in young British Columbia herring. Fish. Res. Bd. Can., Prog. 

Rcpt. Pac., 41, pp. 20-22. 

14. HART, J. L. and A. L. TESTER. 
1935 Quantitative studies on herring spawning. Trans_ Am. Fish. Soc., 64, pp. 307-312. 

15. HART, J. L. and A. L. TESTER. 
1937 Tracing the movemenl~ of herring. Fish . Res. Bd . Can., Prog. Rept. Pac., 31, 

pp. 11-13. 

16. HART, J. L. and A. L. TESTER. 
1937 Tagging mortality of herring. Fish . Res. Bd. Can ., Prog. Rcpt. Pall., 31, pp. 19-20. 

17. HART J. L. and A. L. TESTER. 
1937 Pilchard and herring investigations. Annual Rept. B.C. Fish. Dept., 1936, pp. 23-25. 

18. HART, J. L. and A. L. TESTER. 
1937 The tagging of herring (Clupea pallasi,) in British Columbia: Methods, appar

atus. insertions, and recoveries duril)g 1936-3i. Annual Rept. B.C. Fish. pept., 
1936, pp. 55-67. 



]22 F. H. C. T A YI,oR 

19. HAR.T, J. L.. A. L. TESTER., D. BE .... LL. and J. P. TULLY. 
19!1B Chemical analysis of herring. Fish. R.es. Bd. Can .• Prog. R.ept. Pac .• !l7. pp. 19·21. 

20. HAR.T. J. L. and A. L. TESTER.. 
19!1B The tagging of herring (Clllpf'a pallasi,) in British Columbia: Apparatus. inser· 

tions and recoveries during 19!17·!lB. Annual R.ept. B.C. Fish. Dept .• 19!17. pp. 64·90. 

21. HAR.T. J. L. amI A. L. TESTER.. 
19!18 Pilchard and herring investigation. Annual R.ept. B.C. Fish. Dept.. 19!17. pp. 2!l·24. 

22. HAR.T. J. L. and A. L. TESTER.. 
19!19 R.eturn of herring tags during the 19!18·!l9 season. Fish. R.es. Bd. Can .• Prog. 

R.ept . Pac .• 39. pp. 5·B. 

2!l. HAR.T. J. L. and A. L. TESTER.. 
19!19 Pilchard and herring iaH'estigation. Annual R.ept. B.C. Fi~h. Dept.. 19!18. pp. 2!l·25. 

%.l. HAR.T. J. L. and .:\. L. TESTER.. 
19!19 The tagging of herring (Clupea pallasil) in British Colllmbia: Apparatus. inser· 

tions. and recoveries during 19!18·39. Annual R.ept. B.C. Fish. Pept .• 1938. pp. 51·78. 

25. HAR.T. J. L. and A. L. TESTER.. 
19-10 The return of herring tags during the 1939·-10 season. Fish. R.es. Bd. Can .• Prog. 

R.ept . Pac.. 4.'>. pp. 14·17. 

26. HAR.T • .J. L. and A. L. TESTER.. 
1940 Pilchard and herring in\·estigation. :\nllllal Rept. B.C. Fish. Dcp!.. 1939. pp. 20·22. 

27. HAR.T. J. L. and A. L. TESTER.. 
19·\0 The tagging of herring (Gll//Jea /Jnllasii) in British Colllmhia: Insertions and 

reco\'eries during 19!19··10. Annual R.ept. B.C. Fish. Dept.. 1939. pp. 42·66. 

28. HART. J. L.. A. L. TESTl-:R. D. BEALL and J. P . TULl.Y. 
1940 Proximate analysis of the British Columhia herring in relation to season and 

condition factor: J. Fish. R.es. Rd. Can .• 4 (5). pp. 4i8·190. 

29. HAR.T. J. L.. A. L. TESTER and R.. V. BOUGHTON. 
19·12 The tagging of herring (GIl/Pea pallasii) in British Columhia: Insertions and 

reco\'eries during 1911 .. 12. Annual R.ept. B.C. Fish. Dept.. 1941. pp. 49·iS. 

30. HART. J. L. , A. L. TESTER and J. L. McHUGH. 
19·\1 The tagging of herring (Cll/Pea pal/asi,) in British Columbia: Insertions and 

31. HAR.T. J. L.. A. L. TESTER. and J. L. McHUGH. 
19·12 Queen Charlotte Sollnd herring population. Fish. R.es. Bd. Can .. Prog. R.ept. Pac .. 

50. p. !l. 

!l2. HOUR.STO~. A. S. 
195!l R.elationship of herring in inshore waters to the temperature and salinity of their 

environment. Fish. R.es. BU. Can .• Prog. R.ept. Pac .• 96. p. 15. 

3!l. HOUR.STO~. A. S. 
195!l The spawning population of herring in nonhel'll British Columbia in 1952. 

Fish. R.es. Rd. Can .• Prog. R.ept. Pac .• 97. pp. 21·26. 

!l·I. HOUR.STO:\,. A. S. 
195!l Estimation of herring population size by means of echo·sounder tracings and its 

application to herring research. Fish. R.es. Bd. Can.. Pac. BioI. Stn.. Circ. 26. 
pp. ] ·18. 

!l5. KHAN. M. ]\f. R.. 
1952 A study of "lipoxidase" in the ftesh of British Columbia herring. J. Fish. R.es. Bd. 

Can .. 9 (8). pp. 393·-116. 

36. KELLEY. A. M. 
1946 Effect of abnormal CO, tension on development of herring eggs. J. Fish. R.es. Bd. 

Can .• 6 (6). pp. 4!l5··HO. 

37. LAi'\TZ. A. U'. 
19·17 Herring products. Fish . Res . Bel. c.an .• Prog. R.epr. Pac.. 72. pp. !l3·!l;i. 



t 

! 
i 
f 
f 

I 
l , 
F 

i 
~ 
I 
f 
t. , 
~. 
• 
t r 
lr 

[ 

E 

I 
i 
t 
t 
l 
t 

HERRING ALONG CANADIAN COAST 123 

118. MAHADEVAN, V. and N. ~1. CARTER. 
1948 Scorch and ~ ignition temperall1res of herring meal. Fish. Res. Bd. Can., Frog. 

Repl. Pac., 17, pp. 106·\07. 

119. McHUGH, J. L. 
1940 Growth of young herring in Departure Bay in 1939. Fish . Res. Bd. Can., Prog. 

Rept. Pac., 4!1, pp. 6·7. 

40. McHUGH, J. L. 
1942 "ariation of \'ertebral centra in young Pacific herring (Clupea pal/ash). J. Fish. 

Res. Bd. Can., 5 (4), pp. 1147·1160. 

41. McHUGH, J. L. 
1942 Vertebral number of young herring in somhern British Columbia. J. Fish. Res. 

Bd. Can., 5 (5). pp. 4i·H84. 

42. Mcl\fYNN, R. G. and W. S. HOAR. 
195!1 ERects of salinity on the de\'elopment of the Pacific herring. Can. Jour. Zool., 

!II (4), pp. 417-432. 

411. MOTHERWELL, J. A. 
1936 Herring spawning conditions. Annual Rept. B.C. Fish. De·pt., 1935, pp. 50·51. 

44. MOTHERWELL, J. A. 
1936 Herring investigation (digest). Annual Repl. B.C. Fish. Dept., 1935, pp. 19-20. 

45. MUNRO, J. A. and W. A. CLEMENS. 
1931 Water fowl in relation to the spawning of herring in British Columbia. BioI. 

Bd. Can., Bull. 17, pp. 1-46. 

46. OUTRAM, D. N. 
19:;1 Obser\'ations on the retention and spawning of the Pacific herring. Fish. Res. 

Bd. Can., Prog. Repl. Pac., 87, pp. 32-33. 

4i. I'UGSLY, L. 
1937 The distribution of Vitamin A and D in some organs of British Columbia herring. 

pilchard. grayfish and halibut. Fish. Res. Bd. Can .. Prog. Rept. Pac., 33, pp. 8-10. 

48. PUGSLY, L. 
1938 The Vitamin A and D potency of hen-ing body oil. Fish. Res. Bd. Can., Prog. 

Repl. Pac., 35, pp. 7-8. 

49. PUGSLY, L. 
1958 Further studies on the Vitamin D potency of herring and pilchard oil. Fish. Res. 

Bd. Can., Prog. Rept. Pac., 38, pp. 7-9. 

50. RICKER, W. E . 
1953 Effects of protecti"e and regulatory legislation upon the Pacific herring and 

halibut fisheries. Can. Fish. Culturist, No. 14, pp. 13-19. 

51. SCHMIDT, P. J. 
1952 Analysis of British Columbia salt herring. Fish. Res. Bd. Can., Prog. Rept. Pac., 

92, pp. 11-5. 

52. SIDAWAY, E. P. 
1942 Canned herring. Fish. Res. Bd. Can., Prog. Rept. Pac., 52, pp. 3-6. 

511. SIDAWAY, E. P. 
1944 The preparation of marinated herring. Fish. Res. Bd. Can., Prog. Rept. Pac., 

58, pp. 20-22 

54. STEVENSON, J. C. 
1946 Growth of herring along the Upper East Coast of Vancouver Island. Fish. Res. 

Bd. Can., Prog. Rept. Pac., 67, pp. 112-115. 

55. STEVENSON, J. C. and A. L. TESTER. 
1946 Prospects for the 1946-47 herring fishing season. Fish. Res. Bd. Can., Pac. BioI. 

Stn. Circ. 7, pp. 1-2. 



124 F. H. C. TAYLOR 

56. STEVENSON, J. C. 
1947 Preliminary survey of larval herring on the west coast of Vancouver Island. Fish. 

Res. Bd. Can., Prog. Rept. Pac .. 75, pp. 65·67. 

57. STEVENSON, J. C. 
1948 Prospects for the 1948·49 herring fishing season. Fish. Res. Bd. Can., Pac. BioI. 

Stn., Circ. 15, pp. 1·2. 

58. STEVENSON, J. C. 
1949 The extent of herring spawning in British Columbia in 1949. Fish. Res. Bd. 

Can., Prog. Rept. Pac., 80, pp. 57·59. 

59. STEVENSON, J. C. 
1949 Scouting for herring along the east coast of the Qneen Charlotte Islands. March, 

1942. Fish. Res. Bd. Can., Pac. BioI. Stn., Circ. 16, pp. 1-4. 

60. STEVENSON, J. C. 
1949 The mortality of herring at Mud Bay, l\Iarch, 1949. Fish. Res. Bd . Can., Pac. 

BioI. SUI., Circ. 18, pp. 1·3. 

61. STEVENSO~, J. C. 
19-19 Prospects of the 1949·50 herring fishing season. ' Fish. Res. Bd. Can., Pac. BioI. Stn., 

Circ. 19, pp. I·S. 

62. STEVENSON, J. C. 
1950 Results of the west coast of Vancou\'er Island herring investigations, 1948·49. 

Annual Rept. B.C. Fish. Dept., 1948. pp. S7·85. 

63. STEVENSO~, J. C. 
1950 Prospects for the 1950·51 herring fishing season . Fish. Res. Bd. Can., Pac. BioI. 

Sin., Circ. 21, pp. 1·4. 

64. STEVENSON, J. C. 
1951 Prospects for the 1951·52 herring fishing season. Fish . Res. Bd. Can., Pac. BioI. 

Stn ., Cire. 24, pp. 1·7. 

65. STEVEl':SON, J. C. 
1952 l'rospects for the 1952·53 herring fishing season. Fish . Res. Bd. Can., Pac. BioI. 

Stn., Circ. 25, pp. 1·6. 

66. STEVENSON, J. C. 
1953 The implications of the absence of the 1952·53 herring fishing on herring research. 

Fish . Res. Bd. Can ., Pac. BioI. Sin., Circ. 27, pp. 1·17. 

67. STEVENSON, J. C. 
1953 Prospects for the 1953·54 herring fishing season . Fish. Res. Bd. Can., Pac. BioI. 

Stn., Circ. 29, pp. 1·5. 

68. STEVENSO~ , J. C. , A. S. HOURSTON, and J. A. LANIGAN. 
1951 Results of the west coast of Vancou\'er Island herring investigation, 1950·51. 

Annual Rept. B.C. Fish. Dept., 1950, pp. 51·84. 

69. STEVENSO~ , J. C., A. S. HOURSTON, K. J. JACKSON, and D. N. OUTRAM. 
1952· Results of the west coast of Vancouver Island herring investigation, 1951·52. 

Annual Rept. B.C. Fish. Dept., 1951, pp. 57·87. 

70. STEVENSO~, J. C. and J. A. LANIGAN. 
1950· Results of the west coast of Vancouver Island herring hl\'estigalion, 1949·50. 

Annual Rept. B.C. Fish. Dept., 19-19, pp. 41·80. 

71. STEVEl':SO~ , J. Coo and D. "I. OUTRA~1. 
1952 Herring spawning along the British Columbia coast in 1952 and its implications 

on population ahlln<iance. Fish . Res. nd. Can ., I'rog. Rep!. Pac., 93 , pp. 13·16. 

n. STEVENSO~ , J. C. and D. N. OUTRAM. 
1953 Results of the investigation of the herring populations on the west coast and 

100,'er east wast of Vancou\'er Island in 1952·53. \\' ith an anahsis of fluctuations 
in population ahun<iance since 1916·17. Annual Rep!. B.C. 'Fish. Dept., 1952, 
pp. 5i·84. 



t 

" f 

;. 

I 

t 
L · 4' 

HERRING ALONG CANADIAK COAST 125 

73. SUNDERLAND, P. A. 
1935 The helTing run in Prince Rupert Harhour. Fish. ~es. Bd. Can .. Prog. Rept. 

Pac., 23, pp. 16·17. 

i4. SUNDERLAND, P. A. 
1936 The water conditions and the herring fishery in Prince Rupert Harbour. Fish. 

Res. Bd. Can., Prog. Rept. Pac., 27, pp. 8·10. 

i5. S\VAIN, L. A. 
1949 Herring oil for margarine. Fish. Res. Bd. Can., Prog. Rept. Pac., 79, p. 32. 

76. SWAIN, L. A. 
1955 Fatty add composition of fish oils. 11. Herring oil. Fish. Res. Bd. Can., Prog. 

Rept. Pac., 94, pp. 24·26. 

77. T ARR, H. L. A. 
1945 Direct bacterial counts and CO, tests as criteria of quality of lemon sole and 

herring. Fish. Res. Bd. Can., Prog. Rept. Pac .• 62. pp. 7·9. 

i8. T ARR, H. L. A. 
1952 The Vitamin B,. content of herring meals. Fish. Res. Bd. Can .• Prog. Rept. Pac., 

90, pp. 14·15. 

79. TESTER. A. L. 
1932 Local populations of herring. Fish. Res. Bd. Can., Prog. Rept. Pac .• 12. pp. 12·14. 

80. TESTER, A. L. 
1933 The age and growth of herring in B.C. Fish. Res. Bd. Can .• Prog. Rept. Pac .• 

18, pp. 10·13. 

Ill. TESTER, A. L. 
1933 P?pulations of herring in the coastal waters of British Columbia . Trans. Am. 

Fish. Soc., 63, pp. 286·289. 

82. TESTER. A. L. 
1934 The age and growth of herring in British Columbia. Annual Rept. B.C. Fish. 

Dept., 1933, pp. 71 ·73. 

83 TESTER, A. L. 
19155 The selectivity of herring drift nelS. Fish. Res. Bd. Can., Prog. Rept. Pac., 24, 

pp.6·10. 

84. TESTER, A. L. 
1935 The herring fishery of British Columbia-past and present. BioI. Bd. Can., Bull. 

47, pp. 1·37. 

1l5. TESTER, A. L. 
1935 The herring fishery of British Columbia-past and present. Annual Rept. B.C. 

Fish. Dept., 1934, pp. 76·102. 

86. TESTER, A. L. 
1935 Digest of the herring fishery of British Columbia-past and present. Annual Rept. 

B.C. Fish. Dept., 1934. p. 18. 

Hi. TESTER. A. L. 
1936 Summer herring from Klemtu. Fish . R.es. Bd. Can .• Prog. Rept. Pac., 30, pp. 11-6. 

88. TESTER, A. L. 
1936 Some results of the British Columbia herring investigation and tpeir economic 

bearing. Annual Rept. B.C. Fish. Dept., 1935, pp. 74·80. 

89. TESTER, A. L. 
1937 Pop~lations of herring (Clupea pallasir) in the coastal waters of British Columbia. 

J. BIOI. Bd. Can., 3 (2). pp. 108-144. 

90. TESTER. A. L. 
1937 The length and age composition of the herring (Clupea pallasil) in the coastal 

waters of British Columbia. J .. BioI. Bd. Can .• 3 (2). pp. 145·168. 



--':-''1",-. --..,....,,,...... .. ..-:--.-:--;-:---r---- -._ - _ 

126 F. H. C. TAYLOR 

91. TESTER, A. L. 
1938 What time of the day are herring caught? Fish. Res. Bd. Can., Prog. Rept. Pac., 

37, pp. 3·6. 

92. TESTER, A. L. 
1938 Why collect herring statistics? Fish . Res. Bd, Can .• Prog. Rept. Pac., 36. pp. 5·6. 

93. TESTER. A. L. 
1938 Herring. the tide. and the moon. Fish. Res. Bd. Can .• Prog. Rept. Pac., 38, 

pp. 10·14. 

94. TESTER. A. L. 
1938 Variations in the mean vertebral count of herring (Clupea pallasii) with water 

temperature. J. Conseil 13 (I), pp. 71-75. 

95. TESTER. A. L. 
1940 A modified scale projector. Trans. Am. Fish. Soc .• 70. pp. 98-101. 

96. TESTER. A. L. 
19-10 A specific gra\'ity method of determining fatness (condition) in herring (Clupea 

pallas;;). J. Fish. Res. Bd. Can .• 4 (5). pp. 461-471. 

97. TESTER. A. L. 
1941 Queen Charlotte Sound herring. fish . Res. Bd. Can .• Prog. Rept. Pac .• 47. pp. 10-11. 

98. TESTER. A. L. 
1942 Herring mortality along the south·east coast of Vancouver Island. Fish. Res. Bd. 

Can ., Prog. Rept. Pac .• 52, pp. II-15. 

99. TESTER. A. L. 
1912 A high mortalit}' of herring eggs. Fish. Res. Bd. Can., Prog. Rept. Pac., 53. 

pp. 16-19. 

100. TESTER. A. L. 
1942 "Bellv Burn" in :'-:anoose Bay herring. Fish. Res. Bd. Can .• Prog. Rept. Pac., 50, 

pp.14.15. 

lOt. TESTER. A. L. 
1943 Locating herring with an echo·sounder. Fish. Res. Bd. Can .• Prog. Rept. Pac., 55, 

pp.4-6. 

102. TESTER. A. L. 
1943 Use of the echo·sounder to locate herring in British Columbia waters. Fish. Res. 

Bd. Can .• Bull. 63. pp. 3-21. 

103. TESTER, A. L. 
1944 Tag returns from Kwakshua Passage herring. Fish. Res. Bd. Can.. Prog. Rept. 

Pac .• 59. pp. 3-6. 

104. TESTER. A. L. 
1944 The. herring situation in the Strait of Georgia. Fish. Res. Bd. Can., Prog. Rept. 

Pac .• 58. pp. 17-19. 

105. TESTER, A. L. 
1944 Echo·sounding for summer herring. Fish. Res. Bd. Can .• Prog. Rept. Pac., 61, 

pp. 17-20. 

106. TESTER. A. L. 
19·14 Tagging of herring (Clupea pallasil) in British Columbia: Insertions and recov

eries during 1943-44. Annual Rept. B.C. Fish. Dept.. 1943. pp. 53-74. 

107. TESTER, A. L. 
1945 A new type of herring tag detector. Fish. Res. Bd. Can., Prog. Rept. Pac., 64, 

pp. 62·63. 

108. TESTER. A. L. 
1945 Catch statistics of the British Columbia herring fishery to 1943·4·1. Fish. Res. Bd. 

Can .• Bull . 67, pp. 3·47. 



t 
i 
~ 
I. 

~ 

" ; 

'I .. 
I 
1 
~ 

l 

f 
f 

t 
I 
~ 
l 

i.- . 
.... '., ~I.L 

HERRIKG ALONG CAKADIAK COAST 127 

109. TESTER, A. L. 
1945 Tagging of herring (C/I/Pea l>allos;l) in British Columbia: Insertions and reco,·

eries during 191·1-15. Annual Rept. B.C. Fish. Dept., 1944, pp. 45·63. 

110. TESTER, A. L. 
1945 Herring catch statistics. Fish. Res. Bd. Can., Pac. BioI. Stn., Circ. 5, p. \. 

III. TESTER, A. L. 
1946 Comparison of the Atlantic and Pacific herring and herring fisheries. Fish. Res. 

B<I. Can., Prog. Rept. Pac., 66, pp. 4-B. 

112. TESTER, A. L. 
1946 Tagging of herring (Cll/pea pal/asil) in British Columbia: Insertions and recov

eries during 1945·46. Annual Rept. B.C. Fish. Dept., 1945, pp. 43·66. 

113. TESTER, A. L. 
1947 Herring schools in Baynes Sound. Fish. Res. Bd. Can., Pac. BioI. Stn., Circ. 

10, p. I. 

114. TESTER, A. L. 
19411 The e/licacy of catch limitations in regulating the British Columbia herring 

fishery. Trans. Roy. Soc. Can., Vol. 4, Sect. V, pp. 135·163. 

115. TESTER, A. L. 
1949 Populations of herring along the west coast of Vancou"er Island on the basis of 

mean "ertebral number. J. Fish. Res. Bd. Can., 7 (7), pp. 403·420. 

116. TESTER, A. L. 
1951 Fluctu:llions ill the abundance of herring on the west coast of Vancouver Island, 

British Columbia. Proc. U.N. Se. Conser. and Util. Res. Wildlife and Fish. Res., 
Vol. 7, pp. 5·7. 

117. TESTER, A. L. 
1955 Estimation of mortality rales from age composItIOn and catch in the herring 

population of the lower east coast of Vancouver Island . Ms. 

lIB. TESTER, A. L. and R. V. BOUGHTON. 
1939 Herring and herring food at Klemtu Passage. Fish. Res. Bd. Can., Prog. Rept. 

Pac., 39, pp. 21·22. 

119. TESTER, A. L. and R. V. BOUGHTON. 
1939 The Kwakshua helTing run. Fish. Res. Bd. Can., Prog. Rept. Pac., 41, pp. 10·14. 

120. TESTER, A. L. and R. V. BOUGHTON. 
1943 The tagging of herring (Clupca pal/asil) in British Columbia: Apparatus, inser· 

tions and recoveries during 19-12·-13. Annual Rept. B.C. Fish. Dept., 1942, pp. 44·69. 

121. TESTER, A. L. and J. L. HART. 
1938 Return of herring t;lg5 during 1937·38 season. Fish. Res. Bd. Can., l'rog., Rept. 

Pac., 35, pp. 3·6. 

122. TESTER, A. L. and J. C. STEVENSON. 
19H Recovery of herring scales. Fish. Res. Bd. Can., Pac. BioI. Stn., Cire. 3, pp. 1·2. 

123. TESTER, A. L. and J. C. STEVENSON. 

124. 

125. 

126. 

1945 Prospects for the 1944·-15 herring fishing season. Fish. Res. Bd. Can., Pac. BioI. 
Stn., Circ. 6, pp. 1·2. 

TESTER, A. L. and J. C. STEVENSON. 
1947 Results of the west coast of Vancouver Island herring imestigation, 1946·47. 

Annual Rept. B.C. Fish. Dept., 1946, pp. 42·71. 

TESTER, A. L. and J. C. STEVENSON. 
1947 Prospects for the 1947·4B herring fishing season. Fish. Res. Bd. Can., Pac. BioI. 

Stn., Circ. B, pp. 1·2 . 

TESTER, A. L. and J. C. STEVEj\;SON. 
1947 Recor~ herri!1g catch does not greatly. decrease ~est coast of Vancouver Is)and 

spawnmgs. FIsh. Res. Bd. Can., Pac. B,oI. Stn., CITC. 9, pp. 1·6. 



128 J. P. TULLY 

127. TESTER, A. L. and J. C. STEVENSON. 
1948- Results of the west coast of Vancouver Island herring investigation, 1947-48. 

Annual Rept. B.C. FiSh. Dept., 1947, pp. 41·86. 

128. THOMPSON, W. F. 
1917 A contribution to the life history of the Pacific herring; its bearing on the con· 

dition and future of the fishery. Annual Rept. B.C. Fish. Dept., 1916, pp. 39·87. 

129. WAILES, G. H. 
1935 Food of Clupea pallasii in southern British Columbia waters. J. BioI. Bd. Can., 

1(6), pp. 477·486. 

130. YOUNG, O. C. and E. P. SIDAWAY. 
1942 Vacuum in canned herring. Fish. Res. Bd. Can., Prog. Rept. Pac., 52, pp. 19·23 . 

• Reprints were published in year following the date of publication of report. 


