THE PACIFIC HERRING ('Clupea pallas;) ALONG
THE PACIFIC COAST OF CANADA

by

F. H. C. TAYLOR, M.A.
Pacific Biological Station
Fisheries Research Boord of Canada

A SUMMARY OF THE EXPLOITATION AND REGULATORY MEASURES AND A
REVIEW OF THE RESEARCH UNDERTAKEN AND PROPOSED.

.:

~

........ ..
~

~

.'

-

-

- - •.,. -

-.,...

..

-~:--¥' .. . -

~

- - - ~--"- -."-"~. ,,, -~ -

.. ~.- ... - - '

-

-

-

-

CONTENTS
Page
I

History and Development of the Fishery............... ........... ........................... IOi

II

Regulations Governing the Fisheq' ................................. ............. ................. 110

III

Herring Research .......... ......................... ... ........................ ..... ......... ..... ... .. ....... 113

HERRIKG ALONG CANADIAN COAST

107

THE PACIFIC HERRING (Clupea pallas;) ALONG THE
PACIFIC COAST OF CANADA
by F. H. C. TAYLOR
Pacific Biological Station, N anaimo, B. C.
I. History and Development of the Fishery

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, 114 1), 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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(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
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I. Quotas and quota extensions by sub-district and season,
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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 ton~. comprising Discov('ry Passage Area
and Area 14 (previously in lower east coast sub·district).

(I) A quota extension of 5,000 tons granted to
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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 subdistrict 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 between 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 yearclass 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
coast stocks during a period of low population abundance.

~he

west

The results of this study to date indicate that during periods of high
population abundance, quota restrictions on fishing on the west coast population 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. Department 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.
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(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 information 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 subdistricts.
(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.

\
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(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.
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(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.
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