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INTRODUCT ION

An extensive tagging and tag recovery study has besn carried out on British
Columbia herring (Clupea pallasi) since 1936, Originally the study was undertaken
to btest the validity of the assumed existence of discrete populations deduced from
meristic and age-composition studies (Tester. 1937). Subsequently, information was
provided on the extent of inmtermingling of herring stocks, and on various populetion
statistics, .

In the present paper the methods of tagging and recovering tags are described, and
results pertaining to the geographic %}mits, and the extent of intermingling of
populations are discussed, The data included in the analysis are those accumulated
up to and including 1951-52,

The Tagging Program,

The herring tagging program, undertaken in the period from 1936 to 1951, consisted
of carrying out 310 individual taggings, involving 555, 521 herring (Tabli)l). In
each individual tagging, details of which have been previously published ~, all fish
wore tagged at approximately the same plece and at the same time, the aim being to
have each individual tagging comprise fish from & single school, Thse number of fish
involved in individual taggings varied from an average of sbout 1,100 in the early
years of the study to an average of 3,000 in the early 1940's (Tester and Boughton,
1943)s The factors involved in determining the number of fish to be tagged in esch
individual tagging were (1) the necessity of recovering reasonably large number of
tags (which required large taggings), and (2) the need for achieving as random as
possible a distribution of tags throughout each herring school (which made numerous,
and hence smaller taggings, desirable),

A large proportion of the taggings (89 percent, comprising 520,351 fish) wes
carried out in the spring on fish that were about to spawn; were spawning, or had
spawned. By this time fishing operations had stopped, and there was no opportunity
for recovery of the tags for at least six months, that is, until after the fish had
migrated to offshore feeding grounds and returned to inshore waters, The results
prosented in this paper are largely based on recoveries from the spring taggings.

Taggings wore also undortaken in the fall and winter (Table I) during the period
of the fishery to obtain information on the movemont end exploitation of herring on
tho fishing grounds (Hart and Tester, 1938, 1939, 1940), In 8 of the 15 years tagging
was carried out at Sooke in the Strait of Juan de Puca, the purpose being to establish
the migration route of herring of the southern portion of the Strait of Georgia.

In the course of the investigation herring were tagged in virtually all parts of
British Columbia coast, and in addition three small taggings werc made in contigueus
waters of the State of Washington in 1938, 1939 and 1940 (Table I). In the first year
(1936) while tcchniques were boing doveloped, the total number of fish tagged wes
relatively small, and all taggings were carried out on the lower sast coast and west
coast of Vaneouver Island., Frem 1937 to 1941, tagging operations were spread to all
major herring stocks, After 1941, the policy was developed of tagging intensively
in a small number of goneral areas at one time, From 1941 to 1945, particular
attontion was given to the horring of the lower east coast, middle east coast, and
upper oast coast of Vancouver Island, Since 1846, concentrzted tagging has been mein-
tained on the lower east coast and middle east coast and extended to the west coast
of Vancouver Islend, as part of =2n experiment to investigote the relative merits of
different methods of herring msnagement (Tester and Stevenson, 1947), In 1950, tagging
was resumed in the northern, north centrazl, snd south centrnl sub-districts, Thus, by
1951 intensive tagging waes undertaken on all major herring stocks emeept thet of the
east coast of the Queen Charlotte Islands. 2

1) Detailed analysis of each year's data is available in a seriss of reports pvblished

in ths Annual Reports of the British Columbis Fisheriecs Department (Hart and Tsster,
1937, 1938, 1939, 1940; Hart, Tester and McHugh, 1941; Hert, Tester and Boughton,
1942; Tester and Boughton, 19433 Tester, 1944, 1945, 1946; Toster and Stevenson,
1947, 1948; Stevenson, 1950s Stevenson and Lanigsn 19503 Stevenson, Hourston and
lanigan, 1951; Stevenson, Hourston, Jackson and Cutram, 1952).

2) | i
Sinoce 1951, concentrated tagging has been carried out on herring of the sast cosst
~ of the Queon Charlotte Islands, results of which will be published at a later date.



To assist in intsrpreting the dats presented in the text and tadbles, the division
of the British Columbia coast into distriects, sub-distriche, and statistical areas
is shown in Figure 1.

TAGGING MrPHIDS

Description of Tags.

The tags used in the investigation were designed tc be carried in the body
cavity of the herring. Nickel-plated iron tags were gencrally =ised (Fig.l; Hart
end Tester, 1937), but becausc of the temporary shortage of nickel for non-military
purposes, silvor-platod teags were employed from 1944 to 1246 /”osfor, 1945) . Longth
end width dimensions of the nickel-plated tags, 19.4 wm. by 4.4 mm,., were identical
to those usec earlier by Dehlgren (1938) in southeasuofn.Aleska_ but the thicknsss
was increased from 1 mm, to 1.6 mm., to facilitete recovery by bag detectors. The
silver-platod tags used in 1944 and 1946 rs5semblod the nickel-plated tags in sizo
and dimensions, but those used for most of the 1945 taggings wsre shorter (18.6 mm.,
as compared to 19.4 mm.) wider (4.7 mm,., as compared to 4.4 mm.), and thimmer (1.2 mm.,
as comparad to 1.6 mm.) than the nickel-plated tags. Thoy were also lighter, having
en average wolight of 0.76 g., as comnared to 0.94 g. for tags of conventional size.
All tags wore rounded &t the onds and had smooth sdges., In the early years of the
study the tags werc serislly mumbercd, but after 1940 esnh tag in lcts of 500 or
1,000, bore a common identifying lotter code.

Changing in plating and in dimensions of tags wers investigated from the stand-
point of their possible effect on tag rscovery (Tester, 1945, 1948), Statisticnl
testing of the data showed no significant association between the number of rescove-
ries and the type of tag used,

Tagging Procedure,

Herring seine-boats,sturdy vessels ranging in lengbth from about 65 to 75 feet
(Fig. 4, Toster and Stevenson, 1947), heve been provided each spring by the fishing
companies for tagging purposes. From late Fabrna;y to early April herring investi-
gators nboard these veossels travelled the coastal waters of British Columbis locating
herring in near-spawning, spawning or spent condition. Fish were usuelly csught
in shallow water with purse-scines (about 60 fathom:z long nnd 2 fathoms deep), similer
in construction to commercial ssines but smaller (Fig. 3, Tester and Stevenson,1948).
The fish were transferrad to collapsible web pounds (about 6 feet long, 5 foet wide
and 6 foet deep). Care was taken in each phase of ths operation to prevent excessive
loss of scales,

During tagging operations, the web pound wns ploced botween o largs herring
skiff atached to the seine-vessel and & smaller skiff (-igo 5, Toster and Stsvenson,
1947), Two taggers were seated in the skilf in such = way that their left hands had
ensy access to the impounded fish, A third men transferred the fish with a dip net,
sbout 50 at a time, to a small strip of web hung over the pound so 25 to form a
shallow through,

The tagger selected from the thrcugh a fish in good condition (i,e., one that
showed no external sbrasions or sxtensive loss of scales), Tho fish wes held in the
left hand in such & manner that the left side of the fish was exposed. The tagging
knife, one half of a pair of scissors with the point filed to form & cutting edgs,
was held in the right hand. With it, scales were scraped away from a small area
anterior to the basc of the pelvic fin, and in incision. shout the width of & tag,
wes made in the body well., A taz was pushed anteriorly into the body cavity (Fig.3,
Toster and Stevenson, 1947), and the fish wns releasod immedistely, The whols ope-
ration generally took betwoen five and ten seconds. Care was taken to avoid holding
the fish =ny more tightly than was nccessory to provent its sseape,

In the devslopment of this tagging preocedurs many varistioms in tschnique wers
investiganted, In addition to tho msthod of inserting tags alraadv described, three
other methods (Hart and Toster, 1§39) were used prior to 1944. <wo of thess methods
involved two taggors working together, and the third invoived the uss of & specislly~
dosigned tagging gun (Pig.1, Hart ard Tester, 1938). Statistical anslysis of the
recovery data from taggings in which these various methods were uscd showed no signi-
ficant difference in the reletive efficiency of the methods (Hart and Tester, 19407,
Hart, Tester and McBugh, 1941: and Hart, Tester cnd Boughton, 1$42),

Seversl different methods were used in satching herring and in holding them
prior to tegging. On many occasions, espocially while fich wore spawning,. ‘besch~
seines wore found more effective than small purse-seines for catching herring, S
times commercial bait fishermen provided herring for tazging, and when in the
early yoars of the s‘t:udy tagging was undertua:en o8 é:ha ishing grounds, hsrring
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dipped directly from the sea in dip nets,

Occasionally herring were tagged immodiately after capture, but usually it was
more convenient to impound them for a short time, or overnight, before tagging.
Before general use was made of collapsible web pounds wooden bait boxes (Hart and
Tester, 1939) wore the chief means of impounding herring.

Procautions had to be tsken to avoid overcfowding of fish held in confinement,
Although deleterious effects of overcrowding weie not readily observable during the
tagging operation, it was shown thet the difference in the recovery of fish tagged
from crowded pounds and of fish tagged from uncrowded pounds was highly signi-
ficant (Hart and Tester, 1939),

Attention was given to p0331ble differences between taggers in their ability
to tag without inducing excessive mortality on fish, It appeared 1ikely that
inexperienced taggers might tend to hold the fish unnscessarily tightly in the hand,
to effect a large loss of scales, to keep the fish out of water too long, and to
meke the incision too large, thereby causing tags to drop out after the fish were
roleased., In 1947, 1948 and 1949 = number of taggings wers carrisd out, in each
of which an oxperienced tagger and an inexperienced tagger tegged herring et the same
place and time (Tester and Stevenson, 19483 Stevenson, 19503 and Stevenson and
Lanigan, 1950). The recovery of tags inserted by the experienced tagger was com-
pared statistically with that of the corresponding less-experisnced tagger. Al-
though there was & general tondency for the oxperienced tagger to have the greater
tag return, the number of recoverics was significantly greater in only three out of
sightoen comparisong, In general it is not considered that the experience of
tho tagger is great enough to lead to erroneous interpretation of the data,

Tagging Mortality,

Experiments were carried out in eight years of the investigation to determine
the amount of mortality due to tegging, Known mumbers of herring wers tagged, using
methods as similar as possible to those employed in regular tagging, and subsequently
roleased into floating wooden boxss or large concrete tanks located in the inter-
tidel zone, Specific numbers of controls were released among the tagged fish,
Handling proocedures used for tagged fish were duplicated in dealing with the control
fish, except that tags were not inserted and tegging incisions were not made, Daily
records were made of the fish that died, and the experiments wers continued over b
three-month period unless circumstances stopped the experiments earlier, At the ond
of 13 or 14 woeks the tegging incisions were completely hoaled, and it was considered
that tagging mortelity wes then complete or nearly sol Results of the studiss have
boen completely analysed for only three (1936,1942 and 1944) of the eoight years
{Hart and Testetr, 1937; and Tester snd Stevonson, unpublished),

The most Sudcessful experiments were those undertaken during the winter of
1944-45, and the spring of 1946, 1In each experimsnt, the differentisl mortality
botwoen tagged and untagged fish amounted to approximetely 60 percent over the
threc-month period of the experiments, In the 1944-45 experiment, tagging mortali-
ty increesed rapidly to the fourth week, reached a pesk in the sixth week, and then
declined tc 2 low value which wes 2ssumed to be constant for the minth to thirteenth
wooks, In 1946 tegging mortality was low for the first two weoks, increased general-
ly with wide fluctuations from the third to eleventh or twelfth week, and then
decroased to & low value, ’

There were indications that mortality smong tagged fish was caused in part by
infection of the tagging wound and infection of the gonad, if punetured by the tag,
Thore were also indications that both tagged fish end controls died from infection
through abrasion and from "disease", but it wss impessible to determine whether
confinement or "natural” factors were primerily responsible,

In 1947, 1948 and 1949 the mortality due to tagging wes overshadowsd by a
large mortality, among both controls and tagged fish, which was attributed to rough
preliminary hendling., Circumstances made it necessary to subjsct the fish %o
soveral transfers during the course of the oxperiments, resulting ip much more ox-
tensive handling than oceurred in previous sxperiments or in the regular tagging
procedure,

Considering all sources of error in the sxperiments, it was concluded thot the
estimeted tagging mortality of sbout 60 percent was minimal, In regular tagging,
tegging mortality is the combination of mortalily due to the actual tagging ope-
retion and to hendling of the fish prior to tegging, whereas in the experiments, .

mortality was dotermined for the tagging operstion alome (both controls and ktaggaé
Pish woro subjocted to identical prehandling). Not all tho factors, however,
iteuards a minimal approximatien of the tagging mortaliﬁy,‘”' od
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METHODS OF TAG RECOVEEX

Horring tags were recoversd from the catches in the regular fall and winter
fishery (generally from October to March). Two main methods of recovery weore
employed. Blectronic tag destectors were operated in certain plants, and in all
plants magnets were installed. Large numbers of tags were also recovered from
cracks and crevices in reduction plant machinery (driers, grinders snd traps for
tramp metal), '

The chief advantages of detsctor recovery lay in the fact that the fishing aresa
from which each tagged fish was recovered wos readily determined} in recoveries
from magnets and plant machinery (referred to collectively as plant rcturns) con=
siderable doubt often existed as to the precise location of the recovery, However,
wheroas magnets wore installed in 211 plants, detectors were operated in not more
than four plants in any one semson becauss of the high initial cost of the squipment
and the high operating costs, The number of tags recovered by megnets and plant
machinery was about 6 times that recovered by detectors (Table II),

Detector Recovery,.

The essential feature of doteotor recovery was an electrically-energized coil
placed within an unloading chute or comveyor of a reduction plant. When a fish
containing a tag passed through the coil, an olectric impulse was gensrated, empli-
fied, and trahsmitted to a solencid-controlled air velve which momenterily reversed
the head of compressed air applied to a double-ncting piston, The lattor was
connected to a trap-door installoed in the floor om the chute 2 short distance beyond
the coils The trap-door, pivotted in the centre of an exle oxtending scross the
chute was thereby opened & right sngles to the flow of fish, allowing fish (untagged
fish as well as the tagged fish) to be by-passed from the chute., In opening, the
trap~door tilted a mercoid switch sufficiently to break the circuit to the solenoid
air valve, and the reversal of air pressure on the piston closed the trap-door, When
unloading was completed the by-passed fish were again passed through the coil to
isolste the tagpged fish.

- In six of the eight processing plants in which detsctors were instealled the
electrically-onergized coil was operated in = sloping chute {(Hart and Tester, 1937,
1938, and 1939; and Hart, Tester and Boughton, 1942). In the other two, the coil
was operated on a belt conveyor, The belt, fastened with a non-metallic lacing or
clamp, passed through the coil, carrying the fish as it moved (Fig,l, Tester and
Boughton, 1943), & double gate system was dovised to take the place of the trap-
door, W#hen an impulse was transmitted from the detector coil the comprossed air
system pulled tho gato across the bclt diverting the fish. The action of the
mercoid switch restored the gates to the original position,

», The tag detectors eomployed were of two types, differing in principle of
detoction, In the original type, used in &ll yoars of the imvestigation, an
electrical field was sot up by feeding a high-frequency oscillating current into
four coils arranged in Wheatstons bridge formation (Dahlgren, 1936 and Hert end
Tostor, 1937), The detoction coil, placed in the chute, consisted of a pair of
identical coils, the electrical propertics of which wers balanced against those in
the second pair of identical coils {the baleneing coil), At a point close to, but
not exactly coinciding with, perfect balencs, the field in the detection coll was
extremsly sensitive to the presence of & metel object such as a tag. The presence
of this motal object created an offbalance disturbance in the form of & surge of
current which was amplified to sctivate & sensitive relesy which, in turn, operated
the comprossion piston attachsd to the trap-door. This detector, called the
"induction™ detector in esrly reports, has mors recently been referrod to as the
"hridge" detector,

The other typs of detector was doveloped in 1945 (Tester, 1945) and was in uss
in 1945-46 and subsequent yesrs. In this detector a steble slectromagnetic fisld
was set up by feeding a direct current to a primary coil winding, The primery ccil
was overwound at its ends by two secondary coils which were spaced from sech other
and separated from the primary by an electrostatie shield, A disttrbance in the
field caused by the movement of =a metal object such as a tag induced 2 small current
in the sscondaries, which were commected in series opposition, This current waeg then
amplified, and it operated a sensitive reloy as in the bridge detector, The appars-
tus thus required only one coil case, containing three separate windings, rather than
two coil cases each containing two coil windings. The circuits involved in this
type of detector (referred to as the "induction" detector) were of simpler des
than those in the bridge typs. : e AT e i e




. ratio of at least 5 may be attalned.

The basic differonce in the two types of detector was, therefore, in the
way in which the actlvating current was produced. In the bridge type the presence
of a tag, wither stationary or moving, dreated an impulse, whereas in the induction
type an impulse was created only by & moving tag and the strenpgth of the impulse
increased with the speed of movement,

Two models of each type of detector have been used in the course of the
investigation (Table 1I). The second unit of each type was similer to the proto-
type in 211 fundamental respects, but for reasons largely unknown these units were
loss successful than tho erginal models in recovering tags.

The two most serious problems encountered in detector rﬂcovery wore (1)
maintenance of the detectorgaa Eyh igh sensitivity to the presence of tags and (2)
proper timing of the openlng; “ag—door so as to ensure recovery of the tagged fish,

The difficulties in connection with maintenance of detector sensivity have
arison because of certsin limitations of the detsctors themselves and interference
from outside sourcos, Tho mzin deficiency within the detectors was the generally
high (and fluctuating) levol of backgroung noise within the detection circuit in
relation to the impulse produced by a tag. It has besn shown under experimental
conditions that the ratio of the signsl (impulse created by the tag) to the in-
trinsic background noise is only about 2 for the highcst sensitivity that can
be attained by the presont detectors., Fluctuastions in the lovel of background noise
woere prebably brought about by varictions in air temperature and moisturs content
urder operating conditions, by variation in the characteristics of standard electro-
nic parts with age, and by other factors not clearly essessed, 4is a result of this
low signal-to-noise ratlo, the position of maximum sensitivity was very critical,
and constant "drifting" to a point of complete ingensitivity occurred (Tester, 1946)
Frequent testing of the field of the detection coil was necessary, and tuning
(rogaining electronic balance in the coils) was often necessary every five minutes
or less. While retuning, the operation of the trap-door had to be interrupted
with the result that some of bthe fish passing through the coil went untested for
tags.,

The induction detectors were generally more stable than the bridge detectors,
but their maximum sensitivity was less, Speed of fish through the coil was an
important factor in the sonsitivity of the induction detectors, and hence when
conditions were such that fish came down the chuts slowly or when the detector
opaerated cn a relatively slow-moving belt the sensitivity of the induction sets was
impaired, All factors considcred, the average sensitivity of both types of
detectors was approximatsly the samse,

At the lovel of average sensitivity both types of detector were generally
incapable of detecting tags which passed through the coil sideways, i.e, with the
long axis of the tag at right sngles to the direction of the flow of fish (Hart and
Toster, 1938)., Usually a large proportion of the fish passed through the coil so
that the long axis of the fish and of the tag wes parsllel to the direction of
flow, but under certain circumstances the inability of the apparatus to detect
tags crosswise in the coil resulted in lowered sfficiency of recovery (Tester and
Boughton, 1943; and Tester, 19441),

Laboratory tests showed that ressonably satisfactory detector operstion was
possible in spite of this intrinsic prcblem in detector design, However, when
outside interference became = factor during operation in ths plants, large surgss
of current were created in the detection circuit which exceedsd that produced by a
tag, causing false tripping of the detector. At times, depending on the extent of
outside interference, false trips were so frequent thet detector opsration had tec
be stopped., Outside interfsrence was caused by electrical imterference of planb
machinery, variation in voltage of the power supply to the plant and dstection
oquipment, end the pressnce of large mssses of moving or vibrating metal in the
vicinity of the coil,

Efforts were made to dimimish the offect of outside interfersnce by shielding
the coil, using a ssparate power supply for detection equipment, installing volbage
regulators, etc., However, aslthough some lmprovement in detechtor efficiency resulted,
it was not enough to give any marked increase in tag recovery. "

The most obvious solution to the problem was to increase the size of the teg,
thereby incressing the signal-tbo-noise ratic to a point where cutside interferencs
would not have greater effect than a tag on the detection eircuit. But this was not
considered feasible on biclogical grounds. A recent approach, involving = raiatlﬂalg
; simple modificetion of the circuits of the induction detsctor, has shown promige of

. reducing background noise and increasing signal strengkh auch thaff: a s:.gzmiﬁ-ta* oise
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The problem of proper timing of the oponing of the trap-door was largely
indepondent of the sonsitivity of tho detection coil, Tags might be dotected by
the coil, but unless tho trap-door oponed at the proper time tho taggod fish
would not be recovered. :

The chief difficulby in timing the action of the trap-door arocse from varia-
tion in the speed of the movement of fish down the chutes, Movoment was slower
near the sides of the chute than in the middlo, and large fish move faster than
smell fish. Fish slid down the chute more slowly at the beginning of unloading
before the chute was wet and slimy, and fish unloaded some time after thoy were
caught were sticky and tended to have retarded movement (Hert and Tester, 1937).
By placing & stream of weter in the chute the variation in spoed of movement wss
largely overcome, but this wns not always possible since it sometimes interfered
with the processing of the fish (Toster, 1946), Speed of fish was relatively
constant on belt conveyors, except in one installation wherc the belt wes in-
clined upwards, causing fish to slido backwards towards the coil (Tester, 1944),

The genersl npproach to most of the problems of timing was (1) to set the
distance betwoen the coil and trap-door for averange spoed of fish, and to make
provision for altering tho distance (by moving the coil oloser tc or further from
the trap-door) to compensate for fast- or slow-moving fish, and (2) to keop ths
trap-door open for a period long enough to enable fish moving slightly faster or
slower than avorage to be by-passed, The period of tho opening of the trap-door
wes increascd by reducing the air pressure applicd to the piston, sdjusting the
mercoid switch (Hart and Testor, 1937) and by using a specially dosigned delayod-
action system in tho trap circuit (Testor, 1948),

Experiments were carrisd out in verious seasons to determine tho efficlency
of tag detectors .in rocovering tags from the oatoh (Table III). The efficiencies
wore calculatod for the period of time in which the detectors werc in offsctive
operation (Tester and Stevenson, 1948), Great variation was found in percentage
-affieienéy botwoen the differont detectors and from year to year,

Plant Recovory,

Electromagnets and Alnigo permanent megnets wero installed in practically all
herring reduction plants, Thoy wers placed in tho meal-line, ususlly in a chute
located between the drior and the grinder (Hart and Tester, 1938, 1939)., Tags
(and other pieces of metal) passing over the magnet with the herring meel wers
held by the magnet and lator rotrieved by plant employees, Tagzs were also re-
coversd by plent employees {rom cracks end crovices of plent machinery, from
traps designed to remove tramp motel from the merl before it passed into the
grinder, and from insids tho grinder itself, For ovory tag returned to the in-
vestigators with pertinent information on place of capture of the fish and dats
of recovery, o reward of 50 conts was paid, This mothod was used for rocovery
of herring tegs in Aleska (Rounsofell end Dehlgren, 19333 Dahlgrom, 1936), and
gilc?ard tegs in California (Jenssen, 1937) and British Columbis {(Hart, 1937,

943)%

Fow problems werc involved in rccovering tags by this mothcd., Occasions in
which the magnets feiled for some reamson to recover tags were rare, end in gemersl
plant persormel wore cooperative in returning tags promptly with the necossary
information,

Experimcnts were darried out to determine the efficisncy of plants in
rocovering tegs (Table IV)y They involved inserting & given mumber of tags in
fish just bafore thoy were processod (elther when tho fish wers in the packer or
in the fish bins), and calculating the peroentage of theso tags recovered, BResults
of the tests showed that magnots and plant machinsry wers on the averags, 78
porcent efficient in rcoovering taps for tho soven seasons in which tests were
conducted, Avorage effisiency varlaed from 63 perecent in 1946-47 to 83 porcent
in 18548-49, The average officiency of the different plants varied from 60 percent
to 94 pesrcent.

. The most serious prcblem involved in plant recoveries wns detormining the
particular catch in which each tag originnted. Comsiderable variation existed
betweon plants and even within the same plant in the time beken for tagged fish
to move through the plant tc the mognet, Thus, salthough sccurate information
weg avaeilable from tho captein of the packer bost concerning the fishing ground
from which eny landing came, it was ususlly difficult to determine the particular
lapding from which any recovored taog originated, The problem wes especially
difficult whon fish from two or more fishing areas were unlomdod st onme plant on
the seme day, Even when loads of fish fram different areas wore procossed om =
- different days, end even if the fish bins, wookers, and presses wore clesmed befor
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the seocnd packer was ﬁnloaded, there was always the possibility of tags being
held over for varying |lengths of time in crevices in the drier or in the bottom
of the screw conveyor/from the drier to the grinder,
Experiments were carried out to determine the extent of this time lag,
for the purpose of assisting in the interpretation of plent roturns, The teste,
which were undertaken in comnection with the plant efficioncy tests (Teble IV),
involved omlculation of the percentage of tost tags obtained after various
periods of time {Table V). Great variation in time lag occurred between
plants in each year and from ysar to year for each plant] in cortain plants
all the tags that were recoversed wore taken by tho end of the first day, while
in others tegs were rccovered weeks (and even months) sftor processing had begun.
Knowledge of time lag was used in association with the detailed records of
the daily plant landings and with information obteined from detector recoveries
for making unbiased interpretations of the locality of capturs of plant returns,
In many cases only a broad ares of recovery could be assigned and not a parti-
cular fishing ground., In other cases no interpretation could be offered.
Efforts were made to adopt a uniform steandard of interpretation from year to
yoar, In general this standard was fairly rigidly mainteined, but in a few
instances when adherence to the standeard would have meant discarding & much
greater~than-usual proportion of the roturnu a slightly less critical standard
we.s adopted,

METHODS OF DATL ANALYSIS

Troatment of the Data,

The gonernl method of studying the mevements of herring was by rsleting the
actual number of tag recoverics to the tobtal number of tags in the various
herring catches, In the casc of the study of intermingling between the major
populations, adjustments were applied to the ectual returms in order to approxi-
mete the total number of tegs in tho catches. These adjustments wers applied
%o the returns from each plant to compensate for loss of tags resulting (a) from
partial searching of the landings, (b) from less than perfect efficiency of the
plant in returning t&gs (Tabls IV), and (c) through part of the landings being
canned in the 1941-42 to 1947-48 soasons (Hart, Tester and McHugh, 1941). To
these totals the numbers of tags rccovered by tag detectors were added, The
resulting estimates (combinod for all years) are given in Table IX,

For snalysis of the relative movement of verious individual runs within =
major population, there was generally insufficient detailed information to
warrant making the previously-montionsd sdjustments to the plant returns, end
unadjusted plant roturns were simply combined with detector roturns (Teble XII
to XVI), This procedure involved the assumption thet the sctual number of
tags returned from taggings of tho various runs within = population were pro-
portional to the total number of tags in the cotches from which the recoveries
were made,

Therc is some evidencs theot this assumpbion iz generalls applicable. Detactor
returns of some taggings on ths west coast of Vancouver Island were sufficiently
numerous in recent years to enable calculation of the tobtal number of tegs
in the west coast catches. Those calculations (Teble XII) were made by adjusting
the actual number of detector rscoveries (1) for detector officiency, while in
operating condition, (Table IIL), and (2) for the portion of ths catch not
searched bscause the detectors were nct in operating condition (before end after
the period in each season that ths detector was cperatoed, and during periods of
tuning, repsiring, etc.). Tho gemerslly closc sgrecment botween rosults derived
from these sdjusted data and those from the non-adjusted dets (ses Table XII)
suggests that same confidence csn be placed in the velidity of the latier data
for study of the relative movement of the individual runms within a population,

To essist in interpreting Uhs tabulated recovery dats (Tables VII and
1X), it might be pointed out thet twc gonersl types of anslysis ars possible,

By considering the dets in ths horizont-l rows the relstive movement of fish

of any particular sub-district to other sub-districts is obtsined {as well as

as the extent of return to the sub-district of tegging). By considering the
date in the vertiesl columns an indicaticn is given of the extent to which Ffish
of the variocus sub-districts conbribute to the sub-district catches, Thus,; it;
will be noted in Teble IX that according to the first {or horizomtel)type of
analysis 77.4 percent of the northern tags were recovered in northern catches,
17,7 percent in merth central cetches, etc., whereas according to the Baaeﬂé“
~ (or vertiesl) type of anslysis, 67,2 percent of the northern sub-distr

~ eatches was derived from from fish tagged in tho ‘mr&ham sub

pe north centra Mgglng, ste, It six' ‘




second type of analys1s, the “OﬂD“S‘u“O“ of only that portion of the eateh that
wag subjected to tagging (i.c. that had spownod al ’ﬂadﬁ onco) is given, In othor
words, the portion of the catsh made up of nowly-recruited fish is not considersd.

Factors involved in Data An

The validity of the forepoing method of treating the dota dopends upon certain
assumptions: (1) tha®t catch is proportional o populetion sbundance, i.o., that
the exploitation rate is constant from population io ponuT ation and from one year.
to the next, (2) that newly-recrmited ish are randomly mized in the population,
(3) that the intonsity of tagging {ratio of tagged %o untagged fish) is the same
in each stock, and (4) that =~ Zish tngged n each population are randomly
distributed tn“oughout the population, If the {irst twc assumptions are not
applicable to the data the horizontal anslysis of the tabulated recoveries will be
affected, whereas if the third assumpbion does not hold, the vertical analysis will
be affocted. The fourth assumption is basic to both types of enalysis,

There is little dowb’ that Instances exlist in the data where one or more of ths
assumptions are not approximated. iarked variations in exploitation rate are
obvious in certain stocks as a result of changes in availability of the fish to the
fishing flect snd changes in economic conditions. Becauso estimates of these
variations are few in rmber (St cvenson and Outram, 1953) and probably not highly
accurate, adjustment of recoisry data to acccunt for them dees not appear warranted,
On the other hand, some¢ evidencs is available suggesting that catch is roughly
proportional to abundanco) parsicaiarly in populations which have not been subjected
to fixed caotch quotas (Stevenson, 1854}, Furthermore, it appears that in combining
the recovery data of all seasons ths sffcet of unusually high or low exploitation
is somewhat mitigated.

Instances of non-random mixirg of nowly-rcoraited fuskh within s population
have beenmre., Extensive sampling of The fishing and spawning runs of esch major
population indicmtes gencrally thorsough mixing of newly-recruited year-classes
with the older portion of the stocks,

Considerable wvariation has obviously occurred in the ratio of tagged fish to
untaggod fish from oms population So ancovher and from ono season to tho next, lLack
of knowledge concerning population ebundence prerents adjusting the recovory data
to remove incomsistencies resulting Ffrom this factor. Indications of the sxtent
of this variation have boen obtained from uhe concensration of tags in the eatch
(i.0. mumber of tags per ton of heovsing cought - Teble X)), but such indications
were not sufficiently precise to pormit applying correchtions, Because of the
resultant inadequacies in tho deots, carc must be taken in drawing conclusions re-
garding the proportions of fish in She cabtches derived from the various tagged
stocks (1.0, concerning the verticnl amlysis of tabulated data),

Several incidences of presumed lack of random dispersal of tagged fish were
cited in previous reports {Bart, Toster and Mclugh, 1941, and Tester, 19%5) On
the other hand, & detailed analysis of 332 detsctor rsbturns from six fishing
grounds in Area 23 (south west coast of Vancouver Islard) in 1947-48 showed no
significant hoterogeneity betwsen the relstive number of rebturns from the various
taggings (Tester and Stevenson, 1948), It secms probasble that in certain instancss
in which lack cof randem distribution of taggod fish appeared to be invelved,
changes in togging and teg recovery techniques may have been important factors,

In other cases, unusually heavy natural mortality of fish during and after ths
spawning periocd, such =s was noted in 1942 (Tester and Boughton, 1943), and in 1948
and 1949 (Stevenson, 1949), may have affected the randomness of distribution of
tagged fish. The practical approsch adopbad to minimize the ococurrence of this
problem wes to tag sach major spawning run s often as feasibls throughout the
spawning season.

In the sixteen fishing seascns rfrom 193€-37 to 18561~ 52 the totel number of
tags recovered wms 20.7%8, or 3.7 porcent of the number of harring tagged, About
86 percent of the tag recoverios were taken by magnsts ard plent mechinery, as com-
pared to 14 psrcent taken by tag delscio .

A1l but 14 of the 310 wnd1V‘duwA fogrings produced reburns,  The number of -
returns from each tagging wes Laval-v less than 5 perecent of ths number of fish
tagged, but perdenbtage recovery as pgreat ns 20 parceﬁv was noted, Exceptionally
high returns were atirivuted To o cczlbana*‘lan of oxzcellent cppaz*tuuiﬁy for a largs
'pfortian of the cetch to be searched and of heavy axgmﬁ:a’tlon of the sﬁﬁ&k. -

. The percentage rocovery of tags varied considerably from yesr o year, ks
shm in !Eahle VI, recovery increased sharpiy during the first i‘ew years £re
: fm,taggmg« af ‘3%‘—-37 Lo 3;‘38 percent for 19




This was largely & result of inereasing the number of magnet instollations

in the plants, The generally low recovery from btaggings of 1840-41 o 1945-46
was mainly attributable to the widespread cenning of herring during the late

war years and early post war yearswhich reduced “hc recovery of tags by magnets.
The striking increasc in percentage tag recovery ‘o"'"qe .246-47 and subsequent
taggings resulted partly from increascd plant recovery, brought adbout by the
decrease in camnning operations and by stimulating plant perscnnel to recover tags
from magnets and plant machinery. It is also considersd that generally incieased
oxploitation of the stocks in recent years has besn partly responsible for high
tag recovery.

Recovery of tags decrcased with increasc in time between tagging and recovery
(Table VI,). When fish were tagged during the fishing sosson, an average recovery
of 6,7 percent was made in catches of the same season, and recovery from certain
taggings wes as high as 15 percent, Recovery from spring tagginegs (in which case
tho tegged fish were not subject to capbure for at loast six morths) was generally
less, In the first season after togging sn averags of 2.57 vercent of TtThe fish
tagged was recovereds in the second Tishing season, 1the average recovery was
0,77 percert;y and in subsequent seasons the average percentags recovery wss 0,19,
0.08 and 0,02, Ons tag was rocoversd in She eighidl fishing ceason after tagging,

Detailed enslysis of decresse in Tag recovery with lensgth of time afber
tagging, from which information on fishing and natural rortality will bs obtained,
is beyond the scope of the present paper. Iesults ¢f partial analysis of the
date have besn reported (Tester, 19455 Tester enc Stevenson 15482 Stevenscon,
19503 Stevenson and Lanigen, 19503 and Shtevenson, Hoarsbton ard lanigzen, 1951).

Idontification of Populetions.

The first step in the study of horring movement is tc debtornmine whethor there
is & tendency for the various hsrring runs to form populations which persist
from year to year, and if so, to delineete tho geog aphical region in which herring
of oach population spawns and is fished. In other words; “he firsv problem is %o
establish whether thero is a relationship betwesn herring found con the spewning
grounds in the spring and those comprising the fishery in the samo coastal
wators in the following fell and winter., Detector recoveries from spring taggings,
combined for all years of the study (Table VII;, are best suited to this purpose
for two reamsons: (1) accurate information exists on the localities from which all
detector recoveries were taken, and (2) fish tagged in spring tagging have
opportunity for widespread movemont before recovery takss placs. On the other
hend, the fact that the detector recoverises were relabively few in number is &
disadvantage which results in these data being mainlv of gualitativs, rather than
quentitetive, value., The rscovery data revealsd n st: *king tendency for tags to
be recovered in or near the area of tagging (Table VII), Horring tagged in Arees
5, 6, 7, 12, 13, 18, 23, and 25 wers mostly recoversd in the area in which they
wore tagged, whereas those tegged in other areas were racovered mainly from arsas
situated close to the bagging arsa, It is inferred frcom this that herring, which
normally leave coasbtbel wnters after spswning in the spring, roburn to the same
coastal waters in the fall and winter, and spawn the following spring in the same
general locality that they spswned the previocus year, I%t is, therefcre, apperent

that British Columbis herring comprise s limited wmuirber of more or lsss discrete
populations, This is in general agreement with studles carried out indspendently
on meristic characters (Tester, 1937), and on age-corposition and zrowth.

On the basis of detecter rsturns, seven major =znd two niner pnpuTA ions ars
recognized, The sub-districts (Fig. 1) in which the former ars lceated are (1)
northern, (2) north central, (3) south contral (outer part). (4) middle asast coust

of Vencouver Island, {5) lowsr east cosst of Vancouver lqlwdu; { } south west
coast of Vancouver Island, and (7) north west coast of | Vancouver Island, The
a1 and {Z} the sub-

latter are found in (1) the soush centrnl sub-district {par:,
district of the upper east comst of Vancouver Island.,  In addiibtion, thers 1is
evidence from plant returns and various other date thal an sightimajor populaetion
axists on the east coast of the Juoen Chaslotte Islerds, and thab other
minor populaticns are present within the morthn comtrel, middls east coast, and
lower east coast sub-districts.

The festures distinguishing these two typss of herving sggregations ares

(1) Population sbundanca, On the basis of catch and extent of spawm depasiticn,
it is evident that major populations greatly exceed minor gopalatianﬁ in,abanéauca‘
The atcshiimeior populetions sccount for about 95 gerﬁeﬂz of Lhe cat cu;




(2) seasonal migration. The mejor popualations appear to leave costal weters
after spawning, to remain offshore (probably in the vicinity of the continental
shelf) for summer feeding, and to return tc inshors waters in the fall and winter,
The minor populations, on the other hand, scem to remain in inshore waters all year
round. Thoy have in cortain years provided a small summer fishery, as well as a
winter fishery, The seasonsl migration routes of the major populations of the lower
east coast and middle east coast of Vancouver Island have been fairly well established
through tagging data, details of which will be discussed later. Because of this
distinction between the populations, the terms "migratory” and "resident" populations
have been adopted,

(3) Growth and age-composition., Significant differences in growth rate and age-
composition are gensrally noted between migratory and resident stocks located within
the same sub-district. The growth rate of the latter is gensrally small, possible a
result of poorer fesding in inshore wators than offshore.

(4) Location of spr™ming grounds, Spawning grounds of resident stocks are
generally located towards the head of long inlets, whereas migratory stocks tend to
spawn near the mouths of the inlsts along the edge of the outer cosst,

(5) Homogeneity of individual runs. A relatively high degree of homogeneity
exists between the various runs comprising each migratory population, On the other
hand, the resident population arc generally complex assemblages of small individual
runs which vary greatly in the extent of their intermixture,

Migratory populations.

The arcas of inshore concentration of the eight major populations can be
reasonably well defined from tag recoveries, and from information on the location
of the main spawning and fishing grounds. These sources of data arse also useful in
providing soms general knowledge on the inshore route of migration and on the probable
location of the offshore feeding grounds. While the date on the latter ars generally
inconclusive, chiefly because of the lack of fishing, and hence lack of tag recovery,
in offshore waters, thoy suggest that The offshore fesding grounds of most populations
are located south of the region of their inshore concentration,

Northern population. -

The Northern population spawns and is fished in Lreas 3, 4, and 5, & region
extending from the British Columbia - Alsska boundary to Caamano Sound. Detector
returns (Table VII) show that fish tageged on the spawning grounds of 4rons 4 and 5
were largely recovered in Ares 5. Oppertunity was lacking for detectors to search
catches in seasons when most of the catch was taken from Arese 4, but plant returns
strongly indicate that in those years the Area & catch wes comprised meinly of fish
thet spawned in both Areas 4 and 5.

It appesrs that northern herring spproach inshore waters from Hecate Strait
st two main points, Edye Pass (irea 4) and Ogden Channel (Ares 5), Whether Area 4 or
Aren 5 provides the bulk of the cateh in any onc year depends on which of these two
routes of entrance into the sub-district is taken, The general movement within the
sub~district is in a northerly direction, a few sohools penetrating as far north sas
Ares 3 by the tims spawning cccurs,

North central population.

The north central population is confined in the western portion of Areas 6, in
waters extending from Cesmeno Sound tc Milbanke Sound, Fish tagged on the msein
spawning grounds, loeated slong tho west shore of Princsss Royel Island were strongly
raturned from cztches taken in this same general loecality.

The north centrel pcpuletion appszrs to spproach inshors waters from the southerm
part of Hecate Strait and to enter the sub-district in the vicinity of Uilbanke
Scund, from whers it movss through Larsdo Scund in o northerly direction. As will be
discussed lster, the herring to the sast of Princess Royal Island show no closs rels-
tionship to the msjor migratery north central stocks,

South centrsl population,
The south central population is located in Area 7 and in the cubter waters of
Area 8, The main fishery tskes place near tho boundary separating Area 7 snd Ares 8,
in Kildidt Sound (hres 7) cr Kwakshue Passage {Arce 8), Most of the spawning occurs
in Area 7 in the vicinity of Xildidt Scund, and tagging of this spawning run shows
thet both of the mein fishing grounds ere supplied with herring from this run, Because
of the lack of spawning in Area 8; tegging in this area has been infrequent., While
there has been no opportunity to obtain detector returns from the rare Area 8
teggings, plant returns from them have beer mumerous in both Ares 7 and Area 8
~onbches, ‘ ' o
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It is considered that offshore distribution of the south eentral population
is probably in Queen Charlotte Sound, and that inshore movement into the sub- ‘
district tekos place in the vicinity of the iArea 7-Area 8 boundary. As the fishing
season progresses thero is a tendency for the herring to move northward into Ares 7,
There is evidence, discussed lator, thet the small herring runs located in the long
inlets of the sdjacent mainland coast (in Areas 8, 9, and 10) do not belong to the
migratory south central stocks,

Middle east coast population,

The spawning grounds of the herring population of the middle east const of
Vancouver Island are located in Discovery Passage and the coastal waters of the
northern part of the Strait of Georgia (ireas 13, 14, 15, and 16), The fishery
takes place almost exclusively in Aroas 13 and 14, Tag roturns indicate that this
is probably tho least independent and most complox of ths migratory populations.
Only fish tagged in one of the four arcas (Ares 13) showod marked returns to the
arca of tagging, and a pronouncod movement to tho lower east coast occurred from
certein middle sast coast runs, it least somo of the small runs in Areas 15 and 16,
particularly those in the long inlets of the meimland coast, give evidence of being
resident populations that are nob closely associated with the major migartory popu-
lation, A detailed discussion of middle east coast herring will be given later whsn
the relative movement of tho individual runs within the populations are considersd.

The inshors migration route of the middle east coast population appears to be
from the north through Queen Charlotte Strait, Johnstone Strait, and Discovery
Passage. The annual socqusnce of the middle east coast fisheries lends tc this cone-
clusions The first middle east coast catches of each soason are almest inveriably
made in area 13 (Discovery Passage). Fishing further south in Area 14 follows
later in the season, but in certain years whon heavy and continous fishing effcert
is applied to the runs passing through iArem 13 the Area 14 catch is small or comprisad
of fish which differ greatly in age-composition from the migratory fish teken in
Area 13,

The fact that Area 13 catches contained a relatively large proporticn of fish
from tho upper eest coast is accepted as indirect evidence that inshore soasonal
movement of middle east coast fish is from the north, Of tho 234 tags recovered in
area 13 catches, 36 werc from taggings made outside tho middle east comst sub-district,
and of these 36 tags 23 or about two-thirds were from upper east coast taggings

Table VII). is the migratory stock moved south into Area 14 the concentration of
upper east coast tags in the catch was decreased -- only 4 upper ecast coast tags out
of 22 in Ares 14 catches, 2s compared to 23 out of 36 in Aroc 13 oabches, This
change in the composition of the main middle cast coast stock appears to be a result
of wixture with local resident runs and immigration of lower sast coast fish,

Results from tagging in the Strait of Jumn de Fuen (Table VIII and Fig.,2), which
are deaelt with in the discussion on the lower east coast population, provide strong
evidence that the middle esst ccast populstion does not move inshore from the south
through the Strait of Juan de Fuca,

Lower east coast population.

The population of the lower ocast coast of Vancouver Island spawns end is fished
in Areas 17 4, 17 B, and 18, mainly inside ths row of small islands which follow
the Vancouver Island shorelins, Although negligible quantities of herring spawn
or are caught in Areas 19 and 20 (in the Strait of Jusn de Fuca) thess arseas are
considered within the lower sast coast sub-district for the reascn that they contain
the inshore migration route of population,

Evidence indiceting that the lower east coast populstion moves from offshors
feeding grounds (probsbly off the Weshington coast) to inshors waters by wny of the
Strait of Jusn de Fuce wos obteined from tegging in tho Area 20 (nesr Scoke§ in lats
Septembsr and early Octcber just prior to the commencement of the lowsr east coast
fishery. In eight different yeaers s total of 8,643 herring was tagged (Table I}, The
dote (Teble VIII and Fig, 2) showed that 95 percent of the tags reuoversd in ths
season of tegging (293 out of 307) were returned from lower east coast catches, The
three returns from middls sast cozst ecatches suggest that a small mumber of these
fish moves through the lower east coast sub-district and mingle with the middle emst
coast fish, Although no detector reccveries were made in soubh west coast ond north
wost comnst catches, & fow plant recoverios were interpreted as coming from these
catches, While as pointed ocut previously, caution has to be used in basing conclusions
on small pumbers of plant returns, one of theee recoveries possessed e partiocularly
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high degree of rsliability as “o recovery area (Ares 23;- It appears, thereforse,
that a small numher of these fish do not completo the migration to lower east
coast waters, but rather move seaward again ond join runs tec the west coast of
Vancouver Island.

The psrcentage reccvery of the Strait of Juan de Fuca tags (3.6 percent in
the first season of recoverv) was low in relation to that of % agglngs carried
out on the flsh1n5 grounds during the poricd of the fishery (6,7 percent in the
first season}. This wms no doubt due =% least in parbt o the genersally rough
hendling That thﬁ fish had to underge prior to tagging. The low recovery suggests
the possibility that appreciable quantities of fish may have moved to contigenous
waters of the State of Washington (around San Jusn Islands or into Puget Sound)
where opportunity c¢f recovering btags is very limited. Present knowledgo of
herring in these American localities doss not support this possibility. No
recoveries were made from two taggings carried out at Holmes Harbour and Seal
Rock in Puget Sound in 1939 and 1940. There is some ovidence that fish in Birch
Bay (close to the inberrational boundary) intermingle to some extent with
lower east coast stocks; 3 of the 4 recowveries from a tagging carried out thers
in 1938 were from lower east coanst catches (the feusth recovery was from fish
caught off the mouth of “he Frassr River). Prescnt indications are that these
herring comprise a small resident stock similar to those off Point Grey and in
Active Pass, Its contribution to the migratcry lowsr east coast stocks is
undoubtedly slight. Whethor the movement takes pleace dlrectly or whether it
oceurs through near’y resident stocks (such as that of Achive Pass) is not kuown,

South wess coast population,

The inshore distribution of the population of the south west coast of
Vancouver Island oxbends from Pachena Point tc Esteban Point, comprising the
wnters of areas 23 and 24, The main fishing localitics and spawning ground are
located along the north west shore of Barkley Sound (Area 22 B-- see Fig.3).

It is considered that the offshcre feeding area of the south west populstion
is probably liocatod off the cosst of Vieshingbon, some distence south of the
spawning nnd fishing aress., Ons source of svidence for this is found in
the only tag recovery to be recovered in offshcre waters, This tag, from a
fish tagred in Barkley Scund (Arca 23), was taken sbout 120 miles south of the
tagging area at a point about 20 milss off Grays Harbour, Washington (Fester
and Stovenson, 1948). Analysis of the general sequence of tho catches in the
various fishing grounds of “he sub-disbrict alsc suggests that seasonel inshore
movement takes place in o genoral northerly direction.

- North west coast pepulstion.

The populatioa of the north west coest of Vanccuver Island, in its inshore
distribution, extends from Esteban Point to Cape Scott (hress 25, 26, and 27).
As found in comnection with the south west coast population, the mein spawning
and fishing grounds are in the southern portion of the range - in Nootke Sound
and Esperanza Inlet (Ares 25). While no direct evidence is svailable on the
route of migration it is thought likely that the offshors feeding grounds are
located off Afea 25, or perheps somewhat further south, In general tle Area
25 fishery is the first north west coast fishery to dsvelope in esch season,
followed later in the season by the arca 26 fishery. ¥No commerciasl fishing
has teken place in the #Area £7 bshtween 1945-46 and 1951-52,

Quean Charlotte Islands population.

It appears probable that the herring of the east coast of the Queen Charlotte
Islands (Areas 2 B-East and 2 s-Bast) constitute a separate population on the
basis of oge-composition studies. Taggzing data are toc sparse to give relisble
confirmation, No detector returns wers obisined from twe small taggingscarried
out in 1940 (Teble I;, due mainly tc the lack of cpportunity for detectors to
search catches from tShe Queen Charlotbe Islands anl from obher northern
British Colurbia sub~-districts in the years immediately fcllowing tagging. BEight
returns were taken by magnets, £l1 of which wers Interpreted as coming from Quesn
Charlotte Island catches (Table IX),

The main flshlng and spewning grounds on the east coast cf Queen Charlotte
Islands are located in the southern part of the sab-district x:m the vioinity
“of Skincuttle Inlet - Area 2 B-East}, sugges : o
grosxmis are in thsa southem porh’on of Heua
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Resident populations.

The geographic limits of most of the resident populations are imperfectly
known, Only five of the approximately 20 resident stocks were tagged, and only
three were subjected to relatively intensive tagging. To provide a more or less
complete understanding of the resident populations, an amount of tagging out of
proportion to their contribution in the fishery would be required, in view of the
large mumber of stocks involved, their complex interrelatioms, and the sporadic
fishing effort to which they are usually subjected.

North central resident populations,

Herring, located in four main localities of the immer waters of Area 8 (in
bays and inlets east of Princess Royal Island), were considered to be independent
of the nearby runs of the north central migratory population on the basis of (1)
their low concentration of north central tegs (Hart, Tester, and MeHugh,19413; and
Tester, 1946), and (2) differences in age-composition and growth, These resident
stocks wers fished in (1) Aaltenhas Inlet, (2) Tolmie Channel, (3) Poison Cove,
and (4) Gardner Canal, Since none of these runs has been tagged and since all
have not been fished in any one year, it is not possible to determine whether or
not they represent four separate resident stocks,

South central resident populationms,

Three or more resident stocks are located in the long inlets of Areas 8, 9,
and 10, Those in Area 9 (Rivers Inlet) and Area 10 (Smiths Inlet) are the largest,
end in most years one or the other has provided a small fishery., The herring of
thess two areas were tagged in three different years (Table I). Recovery data show
that few tags were returned from catches in the tagging ereas (Table IX), While this
fact could be interpreted as indicating thet an unusually lerge proportion of thess
stocks moves to the neighbouring migratory population, it appears more likely %o be
a rosult of low exploitation of the stocks in Areas 9 and 10, The latter inter-
protation is supported by the fact that the percentage recovery of tags from
Areas 9 and 10 taggings was low in relation to that for teggings or nearby popu-
lations (Table X),

No fish tagged in one of the two areas were recovered in the other, Although
this cannot necessarily be interpreted to mean that no movement occurs between
Areas 9 and 10, it suggests that the two stocks are essentially separate,

Little is known regarding the resident stocks in the inlets of Area 8, partly
because thoy have been fished infrequently, and partly becausc they have not been
tagged, It seems likely that the rums located near Bella Coola, in Kwatna Inlet,
and in Cousins Inlet are separate stocks,

A striking festure of all south central resident stocks is their extremsly
slow growth,

Upper cast coast resident populations,

Six resident stocks have becn recognized on the upper sast coast of Vancouver
Islend end adjacent mainland shore (Areas 11 and 12), on the basis of tag returns,
ago-composition, and growth, The general localities in which these stocks are
located are A, Seymour Inlet (Area 11), B, MacKonszis Sound, C, Belleisls Sound,
D, Retreat Passage, B, Clio Channel, and F, upper Knight Inlet, Three of the
stocks (C, D and E) were subjected to relatively intensive tegging, involving =
total of 34,231 fish (Table I).

Considering the combined tag returns from all taggings, it is evident that
the upper oast cosst herring masinbain a considerable degree of isclation from
the major migratory population (Tables VI and IX), There is an indicetion that =
significantly higher proportion of D tags move outside the upper east coast then
oither C tags or B _tags (Teble XI)s This conclusion is of particulsr inmterest in
viaw of the high growth rate of D fish, which suggests offshore feeding conditions
(Toster, 1941 Stevenson, 1946),

It will be noted (Table XI) that & much higher proportion of E tags were
token in the E fishery (76 percent - 427 out of 563) than either C tags in the C
fishery (19 percent - 11 out of 58) or D tegs in the D fishery (18 percent - 51 out
of 28;%. In addition, a pronounced rocovery of C and D tags in B catches is shown
in the data, The conclusion to be drawn from these results, viz,, that immigretion
{nto E oxceeds emigration out of B, is supported by age-composition and growth data
and by the fact that this stock is the largest upper east comst stock, providing
the most dependable fishery in the sub-district, However, the suggested differsnce
in the extent of immigration and emigration to and from this stock is probably
exaggeratod because of the relatively high exploiteation of E stocks and the resul-
ting high recavery of E tags (4.7 percent, as compared to 2,9 and 1,4 - Table X1
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The lack of recovory of ¢, D or E tags in cabches from A or F suggests n high
degree of isolation of the latter stocks., The A and F herring show extremely
slow growth, The consistent lack of older fish in F catches suggests sither that
the stock is small and heavily exploitod or that extensive migration from it
occurs,

Other rosident populations.

There are indications “hat other resident populations are located in Jarvis
Inlet and Sechelt Inlet (middle east coast sub-district), at Porlier Pass and
Active Pass (lowor cast coast sub-district), and in Skidegate Inlet (east coast
of Queon Charlotte Islands). Mosh of the evidence has been derived from meristic
studies (Tester, 1937’ or age- and growth studies, rather than from tagging. In-
formation on the herring of tho wesh coast of the Quesn Charlotte Islands is too
sparse to indicate whether they are resident or migratory.

Extent of Movement between Populations, :

Tag recovery indicates that approximately one-quarter of the migratory herring
move from the sub-district in which they were reared and join other populstions
(Table IX)s The lowor east coast population shows the smallest emigration to
other populations (16.4 porcent - 210 tag recoverios out of 1,278), whereas the
middle east coast population shows the groatest (45.5 percent - 495 ocut of 1,088),

The amount of cmigration from one population to another varied with distence
betweenit}?x%pulationsc Thus emigration was invariably greatest to nmearby stocks, as
shown in Fig,3 and in the following tabulation:

| Population receiving

T —

Middle Bast Coast! 45.5
Lowar Zast Coast ; 16.2
South West Coast | 28,5
North West Coast { 30.8

Lower East Coast (27,6%)
Middle East Coast (6,7%)
North West Coast (22,0%)
Scuth West Coast (25.3%)

Population ?§rcenF Lergest Proportion * Second—larg§st Proportion
Emigratin of Emigrants of Emigrants
Northern 22 .6 -
° North Central (17.7%) South Central (3,0%
North Central 23.7 Northern (11.8%) South Cenmtral (10,3%)
South Central 17,9 North Central (12,1%) Northern (1.8%)

Upper East Coast (7.7%)
South West Coast (6.6%)
Lower Eest Coast (5.3%)
South Central (2.3%)

northern

Conversely, the greater tho distence betwoen populations, the smaller the
intermixture. The most northerly stock (the )Ppopulation) and the most
southerly stock {(that of the south west coast of Vancouver Island) showed an
extremely small interchange of fish, Only about three percent of the tag returms
from taggings in populations north of Cape Caution were recovered south of Cepe
Caution, and & similer percentage of returns from teggings in populations south
of Cape Caution was taken in the nerth. .

The results on extent of intermingling indieate that the herring of British
Columbia form a series of intergrading populations along the coast, a conclusion
previously arrived at from meristic studies (Tester, 1937),

In general the percentege movement from one major population to another is
similar to the movement in the reverse direction., The only notesble deviation
from this condition is in the oxtent of movement betwoon the middle east coast
and lower east comst, where the migration in the scoutherly direction greatly
sxcoeds the northorly movement (27.6 percent as compared to 6.7 percent),
Considering the reciprocal movoments betwecn the mejor migratory populstions there
is no significent tsondoncy for groater net movement in either & southerly or s
northerly direction {F = 0.3). The tendency is even less significant, if instead
of percentoge movement, the numbers of fish moving betwoen populations (onlculated
by assuming populstion abundancs porportional to eatch } is considered (P = 0.8).

There is svidence that ths amount of emigration from sny particular popu-
lation changes Irom year to year, For instanco, the caloulated emigration freom
the combined west coast populations to the lower east comst varied from 10.1 per-
cont in 1949-50 to 0.5 percent in 1951-52, as shown in the tabulation on the next

pages
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]
Porcentage Emigration

Season Based on Dotoctor Revurns | Basod on lMagnet Returns AVOTEES
1946-47 1.8 0.0 0,9
1947-48 5,8 1,3 3.6
1948-49 343 2.4 2.8
1949-50 10,9 9.3 10,1
1950-51 4.0 7.2 5.6
19561-562 1.2 0.0 0.6

An indication of the relastive importance of immigration in the composition
of the catches from the major populations is provided by ths data presentod in

Tablo IX,

of tho table, a btlef summary of which is as followss

This is obtained by an analysis of the date in the vertical columns

rPercentage of catch

Population

Supplying

?

Populaticn composed of immigrant | Largest proportion | Second~largest por-
fished fish of imnigrants ortion of immigrants
NorthHorn 32.8 Worth Comtral (24,1j! South Central (8.2)
North Contral 29,3 South Central(1846) | Northern (7,0) |
South Central 21,5 North Contral(6,0) | North Wost Const (4. 3)
}Middle East Lower Esst Cosst Upper East Coast
Coast 28,3 (10.4) resident stock(5.6)
Lower East Middle East S R ;
Coast 41.1 Coast (16.5) | South West Coast(15,4)
South West Coast 31,9 Horth West an?t ) Lower East Coast(1.5)
29.8
North West Coast 22,1 South West Cosmst
(20,0) South Centrel (0,7)

As in the case of omigration, thoextont of immigration tends to vary in rels-
tion to the distance betwsen populations,

m—

The data suggost that from about 20

to 40 porcent of the catches of the major populations is comprised of migratory

fish,

Ag discussed previously, ncwly-recruited fish, i.e., fish which were not

subjected to tegging, are not considered in these calculations,

Tho relatively small tobel number of lower oast coast tags in the various
sub-district catches (1,278 - Tables IX and X), end the similarly smsll number of
tags (1,813) from taggings of all populations in the lower sast coast catch is

inconsistent with the fact that this population was the most heavily tagged (Table
I) and probebly the most intonsively exploited (Stevenson and Outram, 1953).

Two

factors were probably involved: (1) wunderestimetion of ths loss of tags in
cenning opcrations ( & much greanter proportion of the lower east coast cetoh was
cenned in the 1940's than any othor), and (2) the hoavy mortality referred to
previously, of both tagged and untzgged fish that wes noted in certain years em

the lower cast coast during and after spevming.

The combined sffect of the

resulting inconsistencies in tho data would tend to lead to gensral underscstima-
tion of the extent of movement from all populstions to the lowsr oast coast, and
also to oversstimation of the exbtent to which the lower east coast catch is com-

prised of immigrant fish., It can be shown, however,

that oven if thesc Tactors

produced errors in tho estimated totel number of tags in the lower east coast
catch as grest as 100 percent, tho validity of genersl conclusions drawn from the

data would not be

appreciably affected.

The Relative Movement of Individual Herring Runs within Major Populationg,

Considerable differences oxist between populstions in ths relativs amoumbt of
smigration exhibited by the differsnt herring runs comprising the populsation,
In one population the amount of smigration from each of the individual herring
runs to a neighbouring nopulatlon shows no significant differences, suggosting
that the runs are fresly mixing and highly homogeneous, In most instances, signi-
ficant differences cccur, which indicate that the runs could be considered as

. deparate sub-populations,

- This roflects, on & smeller
- major herring populations,

‘Within the latter populations sn intergradstion of in-
“dividual herring runs is shown which is related to distance uaparating,tha ruus.
soale, tha gpnaral intarf)‘i;,*_ ”




West coast populations.,

Four main herring runs have been distinguishod in each of the two west cosst
populations, on the basis of the rolative concentration of tags in the catchss
of the two populetions (Table XII), The most southorly of the cight runs, thet of
tho southorn and oastern section of Barkley Sound (Area 23 A), produced an
exceedingly high tag recovery in the catches of the south wost coast populantions,
while runs located further north showed o progressively smaller concentration in
south west coszt catches and a correspondingly greater concentration in catches
of the north west coast (Fig.4). The difforences in the rscovery from taggings
of each noighbouring pair of herring runs worc tested statistically using the
Chi~-square contingency tost, and the following results were obtaineds

Probability Value (P)
sing Actual Numbor of Tag : Using Bstimated Number o

Pairs of Runs Tested [Returns{detector and plant Tags in the Catches(based

returns combined) on detcctor veburns only).
Arcas 23 A and 23 B Less than 0,001 Less than 0,001
Arces 23 B and 24 A # " 0,001 ‘ " " 0,001
Arcas 24 & and 24 B " " 0,001 " " 0,001
Arecas 24 B and 25 A # " 0,001 " * 0,001
Arcag 25 A and 25 B w T 0,001 " " 0,001
Areas 25 B and 26 0.001 R " 0,001
Areas 26 and 27 0,02 0.12

Regardless of wheothor unadjusted or sdjusted recovery data are considered, all
differconces in recovery from taggings of adjacent runs wero highly significant,
with ono exception. Tho lack of significance in the recovery pattorn of tags from
Aroas 26 and 27 may bo a result of the relatively small number of Aroa 27 recove-
riss, rather than an indication of o particulsrly close relationship between the
runs of the two arees.

The almost equal recovery of hres 24 B tags in the catches of the two west
coast populastions poses the prcoblem of which population this small run should be
considered to form = part, Taking in account that thoe north west coast stocks havs
gonorally been less heavily exploited than the south west coast stocks it might be
concluded thet this run is more closely allicd to the north west coast populations,
However, in view of the fact that striking differences occur in the recovery
pattorn of Area 24 B from year to ysar the run will contimnue to be includsd in the
soubth west coast stocks,

" The most southerly herring run {Lrea 23 B) on the scuth west coast of Vancouver
Island shows relatively great movemeont to the lower east coast (8,7 porcent -
Table XIII). The movement from runs located further north was progressively less
(Fig,S). The differsnces in the rolative movement of adjacent south west coast
runs were statisticelly significant, but no significant differcncss in the move~
ment to the lower east coast were found in the case of the north west coast runms,
These results suggest that mixture of west coast and lower east coast fish pro-
bably cccurs at or south of thso latitude of Arse 23 A,

The generel pattern of movement of wost coast stocks to the central and
northern populations (Table XIII and Fig.5) is gonerally similar to thet noted in
ths movoment of west coast fish to the lowor east coast., In this case, greater
movement is shown by the north wost cosst pcpulation than by the south west coast
population, and the most northerly run of the north west coast population ( that of
Aree 27) shows a significamtly moro extensive migration (18.7 percent) than amy
cther north wost coast run., Difforences in amount of movement of the various
south west coast runs to the centrel and northern stocks ars not stetistically
significant.

The pronocunced movement of arce 27 fish tc the north (18,7 percent) as com-
pared to thet of the neighbouring &ros 26 :run (2,3 porcent) suggests tho existence
of a barrier to northerly migraticn between iree 26 and 27, Much consideration wes
given in earlier years to the status of the irea 27 herring run, and for some years
it was administered as = separatc stock (Testor, 1945), However, as information
was accumulated indiecating that the extent of southerly movement was limited to mo
greater degree than would be oxpected considering its distence from other north wes
coast runs, the tendency has been to consider it & more or less typical intergradin
unit, , E
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Lower east coast popiilation,

There is a striking contrast betweon the interrelstion of the various
lower east runs and that of the runs of the west coast populations., The distri-
bution of lower east coast rocoveries either in lower east coast and west coast
catches or in lower east coast and middle east coast catches is not apprecisbly
affected by the location of the taggings within the lowsr east ccast sub-
district (Teble XIV and Fig. 6)s In other words, there is no significant
difforonce in the degree of homing or the extent of emigration between fish
tagged in the most northerly lower east coast arca (hroa 17 A) and fish teggod
in the more southerly lower east coast area (Area 18), The various runms of
lower east coest herring are unlike those of most other herring populations
in failing to show significantly loss intermixture with increase in distance
separating the spawning grounds of the runs. The remarkeble homogenoity of the
lower caet coast herring is probably in some way associated with the single
inshore migration route of the pcpulation (Stevenson, 1954)., As pointed out
previously, herring move inshore through the Strait of Juan de Fuca and procsed
in o northerly direction through the narrow channel between the lowor sast
coast of ¥ancouver Island and & long chain of small islands which parallel the
coast, In 1938-39, direct evidence of a northerly movemont through the sub-
district during the fishing scason was obtained through tagging on the fishing
grounds (Hart and Tester, 1939), Thus, whether or not fish tegged in one lower
east coast area are recoversd in the catches of that area in the following
fishing season depends largoly on where aslong this inshore migration route the
fishing fleet happens to locats the fish,

Middle east const population,

Analysis of recovery date from middle cast coast taggings (Table XV and
Fig, 7) suggests that the middle cast coast runs intermingle to & much less
oxtent then the lower east coast runs. Two patterns of associaticn are
discernible in the middle esst rumss (1) the runs of the more southorly areas
of tho sub-district (Arcas 14 and 16) show significantly more extensive movemsnt
to the lower east coast than the runs of the more northerly aresas (Area 13 and
15), and (2) the runs of tho more westerly aroes (Areas 13 and 14) show greater
movement (alsc statistically significant) to herring populations north of the
middle east coast (i.e., to the upper cast coast, central, and northern sub-
districts) than the runs of the more easterly saroas (Aireas 15 and 16),

The large southerly movement of fish from Areas 14 and 16 is presumebly
related to the proximity of these arcas to the main arens of inshore concentra-
tion of the lower aast coast stocks, It appears that thisemigration takes place
directly and cccurs within tho Strait of Georgia, probably during the fall and
winter,

The reletively frec intormingling beotween herring of Areas 13 and 14 and ths
strong movement of these fish to northerly stocks is taken =s ovidenece that these
runs comprise the main migratory middle eest coast stocks thet scasonslly move
through Discovery Passage, Johnstone Strait, snd Queen Charlotte Strait to off-
shore feeding grounds, The runs of Areas 15 and 16 sre considered to be largely
resident stocks which are partislly separated from the migratory runs by the
Strait of Gecrgia.

The cnly middle cast coast tags recovered on the south west coast wers from
taggings in Areas 14 and 18, 1In view of the extensive southerly emigration from
Areas 14 snd 18, it is supposed that the movement represented by these recovsries
tekes place by way of the Strait of Juen de Fuce - the routs of migration of lower
east coast fish, Arss 14 taggings produced mors recoverises in the north west
coast that other middle east coast taggings, and it is considered that this emi-
grotion is most likely a conssquence of offshore migration through Discovery
Possage and Johnstone Strait. The total number of west cosst recoveries of middle
east ccast fish was too few to permit statistical analysis,

Contral snd northern populsations,

Tagging in the central and northern populations was not sufficiently inbensive
to permit a detsiled anelysis of the relationship of the individuel runs within
oach populetion, Considerabls doubt exists that all the main runs have been
tagged, and, of those that were tagped, recoveries were frequently toc few to pers
mit statistical treastment. From the dats thot sre svailable, however, it-
appears thet each population contains a series of intergrading runs similar to
that found within the populations of the wost coast of Vamcouver Island, '
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The rosults of two tagzings made in 1951 in the north central sub-district
and two taggings carried out in the northern sub-district in 1945 are considered
(Table XVI and Fig.8). Both sets of data show that the relative amount of
omigration from the two runs within the same population wns depondent upon the
geographical location of the runs, end hence the distance of movement., The more
northerly-lccated north central run showed significantly greater movement to
the northern populeticn (18.7 percent) then the more southerly-located run
(4.9 perecent). Similarly, the more southerly-loceted northern run showed a
significantly greater southerly movement (88,9 percont) than the more northerly-
located run (66,0 porcent). In the latter case, it will be noted that recovery
in central catches excesded thc homing tendency, but this was primarily a result
of the unusually low exploitation of northern stocks in the 19465-46 fishing
season,

SUMMARY

The tagging end tag recovery program on British Columbis herring wes under-
taken primarily to determine the degrse of discrotensss of herring populations
and to delineate the region of inshore concentration of each,

From 1936 to 1951, the mumber of herring tagged amounted to 555,531 com~-
prising 310 individual taggings. 411l the fish in each individual tagging were
tagged at the same place and at the sams timo, the object being to have
each such tagging consist of fish from a single school,

Taggings wore carried out on all main herring stocks in British Columbia
waters, but certain stocks were tagged more consistently and more intensively
than others, In the early years of the investigation a general coastwise
tagging program wns undsrteken, but in later years intonsive tagging was carried
out on the major herring stocks, omne after ancther,

Tagging was undertaken in three main periods of the years (1) in late winter
and early sprlng after the fishery was over and when the fish were in spawning
condition, (2) in the early frll (in the Strait of Juan de Fuca) at which time
fish were moving inshore, and (3) during the period of the fishery, Jost of the
individual taggings (89 percent) took place on spewning or spent fish., Recovery
from these taggings was particularly useful in determining extont of inter-
mingling of stocks since at loast six menths elapsed betweon tagging and recovery,
Recovery was not possible until the herring returned toc inshcre waters from
summer offshore feeding grounds and wers subjected to the regular fall and winter
fishery,

The tagging procedure involved catchlnv and impounding the herring, making a
small incision in the body wall of each f1sh and inserting o nickel-plated
iron tag through the incision into the bedy cav1ty. In the course of the investi-
gaticn numerous varistions in procedure occurred with regard to typs of impound-
ment, length of time the fish were impounded before tagging, method of making
the incision, and type of tag used, Differences in recovery arising from these
changes in procedure were not statistiocnlly significent. It was found,however,
the overcrowding of fish in the impoundments prior to tagging led to reduced
recovery of the tagged fish..

Results of oxperiments suggested that tegging mortelity was at leest 60 per-
cont, These experiments showed that great care was required in handling the
fish prior to tagging snd in inserting the tags,

Differcnces wers found in tag recovery from taggings carried out by experienced
and by inexperienced taggers, but such differsnces were seldom significant,

Two types of egquipment were used in the processing planbts to recover tags:
slectronic tag detectors and magnets. The essentisl features of detector recovery
were an alectrically-ensrgized ccil placed in & conveyor chute of the plaht,which
detected the passage of & tag in the chute, and s trap ~-door system located s few
faet further down ths chute, which automatically by-pessed the tagged fish. The
tag detectors wers of twe typess the bridge type, in which the presence of a tag

ecroated an impulse by upsetting the electrieal balance of four coils in Whest- :
stone bridge formation, and the induction typs, in which a tag crested an impulse
by inducing & current in a secondary coil which was comnected to a coil with a
primary winding, Twec models of cach type of detector were cperated.

The sccond method of recovering tags involved the installation of electro-
magnats and permenent magnets in the meal-line of herring reduction plambs. Tags:
passing over the magnets with tho herring meal waere held and later pickad off £
magnats by plant Omp¢oyees. Tags wore nls» cbbeined from o ;
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of plant machinery, ond these tags together with those from magnets were referred
to as plant recoveries, A rewnrd of 50 cents o tag was paid to plent employees for
returning the tags to herring investigators with pertinent information on date and
place of capbure,

The chief problems in detector reccovery wsre meintenance of high sensitivity
in the fisld of the detector coil and proper timing of the opening of the trap-
door to ensure the recovery of tags detected by the coil. The basic difficulty in
maintaining high sensitivity to the prescnce of tags stemmed from the fact that
the impulse crested by a tag was never greater (and generally less) then twice the
goneral level of inherent interforence within the detection circuit, Outside inter-
ferenco, arising from several sources, sometimes created impulses in the detection
cireuit which exceeded that produced by tags, resulting in low detector efficiency,
Various methods wers employed to rsduce the effect of outside interference, but
they wero only partially successful,

Because of the high cost of manufacturing, maintaining, and operating tag
detectors it was possible to install detectors in relatively few processing plants,
On the other hand, magnets were installed in all plants at relatively low cost, Over
six times as many tags were rscovercd by magnots and plant machinery 2s by dstectors.

Plent recoveries were less uscful in studying herring movements than detector
recoveries because a cortain amount of doubt that always existed with regard to the
exact fishing locality from which cach plant recovery was teken, This uncertainty
arose from the fact that a variable period of time elapsed between the unloading
of & tagged fish at a plant and the passage of the tag over the magnet, Thus,whils
knowledge of where a particular load of fish was caught readily identified the area
of capture of detector recoveries, this knowledge was insufficient to give positive
identification of the locality of capture of tags taken from magnets or plant
machinsery, The extent of the time lag in various plants was investigated, end
this information was sometimes helpful in interpreting the area of recovery of plant
returns, The efficiency of plants in recovering tags from the catches was generally
greater than the efficiency of detectors, '

The general method of studying the inbtermingling of herring stocks necessitated
relating the actual numbers of tag recoveries to the estimated total number of tegs
in the catches, Certain assumptions were involved in this method of analysis, they
pertained to rate of explcitation, recruitment, intensity of tagglng, and random
distribution of tegged fish in the stocks.

The total number of tags recovered in the fishing seasons from 1936-37 to
1951-52 was 20,328 or 3.7 pesrcent of the npumber of fish tagged, Ths percentege re-
covery was considerably grestor in the later years of the study than in the esdrly
years, duc mainly to inereasod opportunity for plant recovery and generally in-
creased cxploitation of the herring stocks, All but 14 of the 310 individual
taggings produced returns. Rscovery of tags decreased with increasc in time betwoen
tagging and recovary.

The recovery data reveanled a strong tendency for tags to be recovered in or
noar the area of tagglng, indicating that most herring return in the fall and
winter to the inshore area in which thoy spawned the previous spring. It was con-
cluded thet British Columbis herring comprise a limited number of more or less
distinct populations, & conclusion which is in genoral agreement with results from
studies on meristic charascters, age-composition, and growth,

Migretory and resident herring populations were distinguished on the basis of
population abundancs, seasonal migration, growth and age composition, location of
spawning grounds, and homogeneity cf individual runs. Eight migratory populetions
were identified sccording to 6eneral coastel regions in which they spawn and srs
fished - (1) tho east coast of the Queen Cherlotte Islands, (2) northern mainland
coast, (3) north central mainland ccast, (4) south central mainland coast, (5) middle
sast const of Vancouver Island, (6) lower esst coast of Vancouver Islando, (?) south
wost coast of Vancouver Island, and (8) north wost coast of Vancouver Island, There
is a tandﬁncy for the mein fishing and spawning grounds of eech population to be
located in the more southerly part of the region (or sub-district) of their inshore
coneentration, and for movement within cach sub-distriet to be nertherly, This has
suggested that the route of migration from offshore feeding grounis to inshere ,
waters is also northerly, and this indicetion is supported by the only tag racavery
taken from offshore weters. The migratory populations prcviﬁa &bsuttgﬁ peresnt af
the annual herring catch,

The pumerous small rosident populations ars mostly aaucan“bmﬁed in
mlets of the mrbh central, ,smzth ‘sentrel and upper- aast o st regi
‘on their Wnts is sparse since nob all h&v
rable degree of isalatxon fmn neighbouring mig
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Herring of resident populations are relatively slow-growing, suggesting that
their summer feeding areas are less productive than the offshore feeding areas
of the migratory stocks.

The recovery data indicated that sbout one-quarter of the fish of each popu-
lation emigreted to other populations. Fish of the middle east coast of
Vancouver Island showed the greatest emigration (45 percent) an indication thet
this population was the least independent stock. Least emigration occurred from
the lower east coast population (16 percent).

The amount of emigration from one population to another varied with the
distance separating the populations. It was concluded that the herring of
British Columbia tend to form a sories of intergrading populations.

The individual herring runs of the south west coast and north west coast of
Vancouver Island showed & typs of intergradation which resembled, on & smaller
scale, the intergradetion of the ma jor migratory populations, There was evidence
that the individual runs within the northern and north contral populations also
followed this psttern. In contrast, the runs within the population of the lower
east coast of Vancouver Island appeared to be freely mixing and homogensous,
showing no differential omigration outside tho sub-district.

Emigration from individual herring runs of the middle east coast resembled
that of the runs of the west coast populations in cortain respects. However, the
presonce within this sub-district of resident or partielly resident stocks, &s
woll as a migratory stock, rosultod in a relatively compliceted situation,

P g
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LEGENDS TO FIGURES

Fig, 1 - Map showing the statistical areas into which the British Columbia
coast is divided, the sub-districts merking the regions of inshore
distribution of herring populations, the administrative districts, and
the location of herring processing plants,

Pig., 2 = Tho destination of herring moving through the Strait of Juan de Fuca
in the £all, as determined by tagging necar Sooke - data from Table VIII,

Fig, 3 = The extent of emigration from the various herring populations of
British Columbia - date from Table IX(1), (Length of arrows is propor-
tional to distance of ecmigration, and area of circles is indicative
of average annual catch),

Fig, 4 = The extent of intermixture of individual herring runs of the south
west and north west coasts of Vancouver Island - data from Teble XII
(1), (Area of circles is indicative of average anmual catch of each run,

Fige 5 = The extent of movement of individual herring runs of the south west
and north west coasts of Vancouver Island to the lower east coast of
Vancouver Island and to tho northern-central sub-districts - data from
Table XIII. (Area of circles is indicative of average ammual cateh of
each run),

Fig, 6 = The extent of movement of individual herring runs of the lowor oast
coast of Vancouvor Island to the middle emst coast of Vencouver Island
and to the west coast of Vancouver Island - dats from Table X1v,

(Aroa of circles is indicative of average annual catch of each run),

Figs 7 = The oxtent of movement of individusl herring runs of the middle east
coast of Vancouver Islamd to the lower sast coast of Vancouver Island
and to the northern-central-upper east comast sub-districts = data from
Table XV, (Area of circles in Area 13 and 14 is an indication of rela-
tive size of catch in those areass catch in Areas 15 and 16 is
negligiblag

Fige 8 - The relative movement of individual herring runs of the northern sub-
district to the north cemtral sub-district, and the relative movemsnt
of individual herring runs of the north central sub-district to the
northern sub-district - data from Table XVI,
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Seasons of Detector Operation

1937 193811939
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Table IV,

Percentage of efficiency of plants in various
years in recovering test tegs, with numbers of
individuel tests indicated in perantheses,

Yoars of Tests

1050 1946 (1947 [1948 |1949 1950 |1952 " Avorage
Plants | - 40 |- 47 - 48 l= 49 |- B0 |~ 51 |- 53
Kildonan 66(1) {74(3) |83(2) {8a(2)|92(1) |88(2)| - 81(11)
Eooole - |33(3) fr8(2) |so(1)|98(1) j80(1)] - 78(8)
Port Albion 100(2) |90(3) ba(2) 98(1)|03(2) 91(2)} - 94(12)
z}lootka ge(5) 77(1) B8(2) |78(1)|68(2) {88(3) 82(1) 77(15)
Ceeposcee 24(3) l50(2) fre(2) jsa(1)| - 68(1){69(2) 62(11)
Hecate - 58(1) B3(2) |79(1) | - - 54(1) 60(5)
Imperial 82(1) | - - leg(1)|so(2) l82(3){86(7) 80(14)
|Colonial - - - le8(1){7a(2) i7a(3)|83(3) 75(9)
Gulf of Georgial = - - lg9(2)|58(2) |s0(3){83(8) 72(15)
Phoenix - - - - - 86(1)]94(5) 90(6)
luorth Shore - |- - ~ 1= 54(1)]97(3) 76(4)
Alert Bay 70(1) | - - - t - - {78(1) 74(2)
Nem 68(2) | - - |- 1= me(1))si(2) 79(5)
Butedale 98(2) ! - - - . - 86(1) 92(3)
Port Edward | 90(2) | - - - = me(1){ea(3) 87(6)
Seal Cove - - - - - - 63(1) 63(1)
Tuok Inlet 95(2) | - - - - - - 95(2)
Average 78(21)63(13) 74(12¥83(1]) 80(12){77(29 | 82(38) 78(129)
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Table V,

Results of tests made in five different years to show the time lag in
recovery of tags in various plants,

Fishing!§i§§t0f gg?“ | E:ésoised Percentage of Recovered Tags,Recovered after]
season |tested ltests in Tests 1l day {2 deys | 3 days 1 week . 2 weeks
1939-40|Kildonan 1 50 0 0 o - 9 91
Port Albion| 2 24 38 42 42 88 100
Nootka 5 60 13 30 34 ;. 68 89
Ceopeeces 3 45 18 18 18 | 45 91
Imperial 1 50 100 100 100 i 100 100
Alert Bay 1 20 100 | 100 100 | 100 100
Nam 2 40 0 o) 0 i 4l 96
Butedale 2 40 97 97 100 1100 100
Port Edward| 2 40 58 78 89 | 92 92
Tuck Inlet | 2 40 89 100 100 | 100 100
All Plants | 21 409 51 56 58 | 82 96
1946-47,Kildonan 3 149 16 22 24 40 66
Ecoole 3 143 0 2 13 40 77
Port Albim | 3 148 56 80 83 - 90 98
Nootka 1 48 19 35 35 62 100
Ceepesces 2 99 26 38 56 90 100
Heorto 1 50 93 | 96 100 . 100 100
All Plents | 13 637 35 46 52 ' 70 90
1947-48|Kildonan 2 100 17 46 54 80 92
Ecoole 2 98 0 7 7 i 12 1
Port Abion| 2 98 29 71 79 , 98 100
Nootka. 2 95 29 55 80 . 96 100
Ceepeocsee 2 100 0 55 55 92 96
Hooate 2 97 2 6 45 75 84
All Plants | 12 588 13 40 53 | 76 91
1948-49' Kildonsn 2 100 24 45 51 71 73
Ecoole 1 50 0 | 8 84 87 98
Port Albion| 1 50 69 88 98 98 98
Vootka 1 49 3 29 66 82 92
Ceepeeces 1 50 60 60 74 88 90
Teeabs . 1 48 0 8 8 11 11
Imperial 1 50 24 65 91 100 100
Gul? of 2 98 26 87 88 100 100
Georgia !
Colanial 1 50 0 59 68 ' 14 74
All Plants| 11 545 23 58 70 79 82
1949-50! Kildonan 1 50 89 89 96 | 100 100
: BEcoole 1 50 14 31 31 : 100 100
; Port Akion| 2 100 95 95 95 | 100 100
- Nootke 2 100 i 49 59 60 | 60 98
: Imporial 2 98 15 2¢ 28 ' M 96
| Gulf of 2 98 .87 56 56 | 56 58
| Goorgise §
! Tolonial 2 100 23 43 81 : 97 100
i _Fnoerix 1 50 o 0 0 © 0
{ 'All Plants| 13 646 40 50 56 . T3 82 -
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No. of fish No. of recoveries (and porcentage recovery)
~ Year of |tagged on TsE Tishing 2nd fishing| ord fishing 4th fishing BEh fishing|6th,7th and Total
Tagging spw.,wninﬁg_mgroundsl season season season | season season 8th f.season |
1936-37 7690 34(0.45) 8(0.11) 0 o 0 o 42(0.56)
1937-38 12561 133(1.06) 98(0.78) 5(0.04) 1(0.01) 0 o 237(1.89)
1938-39 18222 202(2.21) 103(0.57) 12(0.07) 3(0.02) 0 0 520(2.87)
193940 25606 651(2.54) 160(0.62) 34(0.13) | 20(0.08) 2(0.01) 0 867(3.38)
194041 23374 279(1.19) 110(0.47) 49(0.21) |10(0.04) 1 (+) 3(0.01) 452(1.92)
194142 22521 95(0.42) 130(0.58) 16(0.07) | 23(0.10) 0 3(0.01) 267(1.18)
1942-45 30131 516(1.71) 76(0.25) 20(0.07) 6(0.02) 8(0.03) 0 625(2.08)
1943-44 464965 276 (0. 60) 72(0.18) 43(0.03) | 22(0.05) 9(0.02) 4(0.01) 426(0.93)
194445 L7879 525(1.10) 119(0.25) | 127(0.27) ' 97(0.20) 20(0.04) 35(0.07) 923(1.93)
1945~46 51631 564(1.09) 286(0.65) | 100(0.19) |17(0.03) 5(0.01) 7(0.01) 978(1.88)
194647 41651 1779(4.28) 765(1.84) | 129(0.31) | 26(0.06) 20(0.05) - 2719(6.54)
194748 45577 2194 (4.81) 287(0.63) 82(0.18) | 67(0.15) - - 2630(5.77)
1948-49 34874 675(1.94) 261(0.75) | 1560(0.43) - - - 1086(3.12)
194980 56435 1919(3.40) 1097(1.94) - - - - 3016(5.34)
1950-51 56834 3345(5.89) - - ~ - - 3345(5.89)
All Years 5&5351 13387(2.57) 3571(0.77) | 767(0.19) 1291(0.08) 65(0.02) 52(0.02) {18133(3.65)
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Sub-~district and Area of Recovery

i T T Horth x South Upper E. Middle E. . Lower E. TSouth W. | |
Sub-distriot and Northorn | Central| Central (Coast | Coast I Coast | Coast 'Noirth W. Coast ! Totel
Area of Tagging 5 BT g 77713 T4 T7A 17818 23 | 24 |25 1 26 | 27 | :
. : ! : i : | !
Northern ¢ 37 l T 2 11 ; ! 40
.8 | L ! 8
N P e e j - | ; FI— 8
North Central 5 | 7 27 2 1 1 , ; ! | 36
' ; 3 |
South Centrnl 7 j 2 B8 51 2 . Pl 1 126
, : ; — - e
South Central 10 | 7 301 a L i ; 1s
(inner part) | ! | | |
: ‘ : AR N | ek
: 1 i : : i ' 1 i ~t
Upper East 12 ! P2 113 23 41 2 1 b1 3 148
Const ! ; ; i j
i ; T -
Middle East 13 : L2 8 80 5 5 3 1 82
Const 13 : 16 221 9 4 |26 2 , 79
15 f 2 109 28 | 20 313! ( 165
16 | ! 10 46 | 25 2|6 | 1 | %0
Lowor Dast  L74 | , 7 5 30 20 [118] 2 1 163
Coast 178 ! %26 27 |168; 5 230
18 | ‘ 1 sln 17| 86! 5 |1 129
20 | | g % 21 5/ 1 8
i .
South West 23 | ‘ | 2 1012 | 17| 27452 24| 3 538
Const H S L 1 i 5 1| 10119 |8 50 1 | 195
Worth West 25 | 1 1 1! 2 2| 6] 47 |3 168 7 238
Const 26 | 3| 1 g‘ 6 80 | 19 109
' 27 71 1 P11 71 7 27
‘ ; A ; 4 o
TOTALS 52 30 88| 62 | l24  [23¢ | 123 146 95 463,643 |12 |834 | 37 2448
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Table VIII.

Number of plant and detector recoveries, from 8,643 herring
tagged in eight seasons in the Strait of Juan de Fuce (near
Sooke - Area 20), according to sub~distriet of recovery.
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Sub-district of Recovery

Method of ¥iddle E. Lower E, South W. North W, Indeterminate Total

Recovery Coast Coast Coast c.

Recoveries taken in fishing season following tagging

Plant 2 143 8 1
Detector 1 150 0 0 0
Total 3 293 8 1

Recoveries taken in subsequent fishing seasons

Plant 1 9 2 1 4
Detector 0 7 1
Total 1 16 3 1 4

156
151
307

17

25




Sub-distriect of Recovery “ o
E TEast Coast, : ! £
b-district of |Quoen Char- North | South  |South C. | Upper E.|Middle E. |Lower E. South W. North W. |Totals E, &3
ging lotte Is. Northern{ Central | Central |(inner part) Coast Coast Const Coast Coast ’EJI-’S
st Coast Queen| 8(100.0) ; 8(100.0) EE‘C‘T
arlotte Is. 80,0 Pl e
thern 2(0.2) 677(77.4) 165(17.7) 26(3.0) 3(0.3) 1(0.1) | 4(0.5)] 1(031)  6(0.7)B75000.0) g &
20.0 672 7.0 0.7 03 0.1 | 0.2 | 0.1 32
h Central 243(11.8) 1566(76.3)| 212(10.3) 1(+) 7(0.3) 6(0.3) 4(0,2) 13(0,6)[205499.8) | g
241 | 70.7 80 2.6 0.8 0.7 | 0:2 0:2 o5
h Central 62(1.8) | 412(12.1){2790(82.1) 8(0.2) | 35(1.0) 17(0.5) | 26(0.8)| 8(0.2) | 41(1.2)|3399(99.9) g &
8.2 18.6 78.5 2.1 3.0 2.1 1.4 0.1 9.7 R
h Central 8(3.3) | 19(7.8) | 159(64.9) 24(9.8) | 15(6.1) 9(3.7) 4(1.6)1 1(0.4) | 6(2.4) 245(1oo.ojcg &
or part) 0.8 | o8 &5 | 882 1.3 L1 0.2 | % 0.1 5 2
r East Coast 1(0.1) | 12(1.0) |134(10.8) 4(0.3) [1020(82.5)| 46(3.7) 3(0.2)| 4(0.3) 12(1.0)[1236(99.9) (5 s
' 0.1 0:5 3.8 10.5 86.9 5.6 0.2 | 0.1 0.2 o
o East 2(0.2) | 11(1.0) | 58(5.3) 1(0.1) | 84(7.7) | 593(54.8) 300(27.6) 20(1.8) | 19(1.7)1088(95.9) 2‘5
0.2 0.5 1.6 2.6 7.2 71.7 16.5 0.4 0.3 59
Rast 1(0.1) 1(0.1) 8(0.6) 3(0.2) 86(6.7) 1068(83.6) 84(6.6) 27(2,1)1278(100.0} @ 3
0.1 + 0.2 0.3 10.4 58.9 1.5 0.5 2 g
West Coast 1(+) 6(0.1) | 15(0.3) 3(0.1) 39(0.7) | 279(5.3) 3EE(71WS)15662,O)5258(100.02 é’é
o 0.1 0.3 0.4 0.3 | 4.7 15.4 }68.1 20.0 &
. ~l - e 0
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Table X,

Estimeted number and percentage of tags in catches for taggings

in each sub-district} calculabtions are based on plant snd detector

returns from spawning ground taggings for all seesons,

No.of fish|Estimated numbe# BEstimated Per- |Combined cabeh: | No. of tegs

Sub-district |tegged on |of Tags in centage of Tags|of all sqasons_ | per ton of
of Tagging sp,groundg |catches in catches in tons+’(x 10%)! cateh
Northern 21174 875 4,13 293 0,003
North Central 18440 2052 11.13 187 0,011
South Central | 36081 3399 9.42 274 0,012
South Central 11929 245 2,056 16 0,015
(inner part)
Upper East 34231 . 1236 3.61 80 0.015
Coast
Middle East 89615 1088 1.21 123 0,009
Coast !
Lower East 1108365 1278 1.18 569 0,002
Coast
South West 104171 5258 5.05 243 0,022
Coast
North West 96345 6495 6.74 188 0,035
Coast

A1l Sub-districts{5203561 21926 4,21 1973 0,011

1)To*l:exl cateh, in tons, for fishing seesons 1937-38 to 1951-52, both inclusive.

Table X1

The number of recoveries(plant and detector returns combined for all
seasons) from upper east coast taggings in upper east coast catches
" and in cetches mads in areas outside the upper east coast,

[Popule< No, of No, of Recoveries
tion Fish Upper East Coast Populations +) Dutside| ++) %
Tagged | Tagged AfBiCl B B | F | Total 4-F!Indeterminate {Totall popul. Total] Reco?,
c 1,976 0/ 312111 29 | O 44 5 49 9 58 | 2.9
D 20,304 02114151 | 99 | O 185 40 225 64 289 | 1.4
E |11,951 0, 75|15 |427 | O 454 37 491 | 72 | 563 | 4.7
Total 134,231 0|31 {30{67 |565 | O 683 82 765 ! 145 910 | 2.7

) The "indeterminate" recoveries are plant returns from upper east coast
catehes, for which informetion was ndb sufficiently precise to permit
assignment to any specific upper east coast locality,

++)

An additional 101 plant recoveries, for which information concerning srsa
of capture wes laecking, sre not included in the tabulation.




Table XII,

Tag recovery in oatches on the southwest and northwest coasts of
Vencouver Island from taggings of eight west coast herring runms,
according to (1) unadjusted plent and detector returns (combining
date from all seasons of recovery), and (2) estimated number of
tags in the catches based on detector returns in the seasons from
1946-47 to 1951-52; percentage recovery in the two west coast sub-
districts shown in paranthese,

-34-

Sub-district of Recovery

Southwest Coast Northwest Coast
Aren of Tagging (Areas 23 and 24) (Arens 25,26 and 27) Total
Southwest Coast 1 483(98,48) 6(1.2) 489
23A(south-east portion of
Barkley Sound) 2 476(98,46) 7(1.4) 483
23B(north-west portion of 1 | 1111(88,7) 141(11,3) 1252
Barkley Sound) 2 | 2926(90.2) 317(9.8) 3243
24A(Clayoquot Sound) 1 179(7946) 46(20,4) 225
2 314(7543) 103(24,7) 417
24B(Sydney Inlet and 1 236(51,1) 226(48,9) 462
Refuge Cove) 2 | 610(51.8) 567(48.2) 177
Northwest Coast 1 127(22,.7) 432(77,3) 559
254 (Nootke Sound) 2 | 271(21.9) 964(78.1) 1235
25B(Esperanza Inlet) 1 65(1148) 488(88,2) 553
2 113(8,1) 1279(91,9) 1392
26(Kyuquot Sound and 1 35(6,42) 529(93.8) 564
Cheslesit Bey) 2 55(3.2) 1653(96.8) 1708
27(Quatsino Sound) 1 3(1,5) 194(98,5) 197
2 12(5,2) 219(94,8) 231




Table

XII1I,

=35~

Comparison of number of tags recovered (unadjusted returns) in

lowsr east coast and west coamst catches and in northern-central
end west coast catches from taggings of various west coast runs}
percentage recovery shown in paranthess.

Sub=-district of Recovery _
Towsr East JWest Coast Northern and | West Coast
Aros of Coast(Arens [(Areas 23  #okals { Contral(Areass| (Arsas 23 Totals
Tagging 174,178 and | to 27) 4 %o 10) %o 27)
18) -
South West )
Coast )
23A 60(8.7) 633(91.,3){ 693 )
23B 126(5,6) | 2140(94.4) {2266 ) 8(0.2) 3884(99.8) 3892
24 34(3.,0) | 1111(97.0) {1145 ) |
North West )
Coast )
25 ) 18(0,9) 2060(99,1) 2078
26 ) 48(1.4) | 3470(98,6) {3518 25(2.3) 1067(97,7) 1092
27 ) | 79(18.7) 343(81.3) 422
Table XIV,
Comparison of mumber of tags recoversd (unadjusted returns) in
west coast and lower cast coast catches and in middle east coest
and lowor east coast catches from taggings of various lower east
coast runs; percentage roccovery shown in paranthese,
T Sub-district of Recovery
flest Cosst{ Lower East ‘ Middle East [Lowor East Coest
Arcs of (Areas 23 | Coast{hireas Totels| Coast (Aroas |(Areas 17A,17B Totals
Tegging to 27) 17A,17B amnd 18) 13 and 14) | and 18)
17A 22(6,.4) 321(93.6) 343 23(6.,7) 32(93.3) 344
178 24(7.2) 311(92,8) 335 7(2.2) | 311(97.8) 318
18 17(8.3) 188(91.7) 205 12(6,0) | 188(94,0) 200
Table XV,
Comparison of number of tags recovered (un&djusted returns) in lower
east coast end middls east coast catches and in northern-contral-
upper east coast and lower esst coast catches from taggings of various
middle east coast runsg porcentage recovery shown in paranthese,
. Sub-district of Recovery _
Aree of Lower Bast Coast Middle Bast Northern,Ceptral | Middle Bast
Tegging [(Areas 174,178 Coast(ircas | Totals|and Upper East Coast{Areas| Total
and 18) 13 snd 14) Coast{h,s to 12)! 13 and 14)
13 8(9,5) 76(9C.5) | 84 56(42.4) 76(57.68) | 132
14 31(34.4) 59(65.6) 90 35(37.2) 59(62.8) 94
15 49(16.4) 250(83.6) | 239 32(11.3) 250(88,7) 282
16 62(45.6) 74(54,4) | 136 0 74(100,0 74




Teblo XVI,

Compar:®on of numbor of tags (unadjusted returns) in central and
northery catchos £rom two northern taggings and two north contral
taggings, one tagging of each pair being located more northorly
within the sub-district than tho other; percentage recovery shown

in parantheso.

Sub-district of Recovery
Sub district, Areca Worth Contral Northern Total
and Locelity of Tegging |(Areas 6,7 and 8) | (hrous 4 and 5) o
Northorn (Ares 5)
Anger Island (more 33(66,0) 17(34.,0) 50
northerly)
Union Possage (more 48188,9) 6(11.1) 54
southerly)
North Contral{Area 6)
Rocey Inlet(more 210(83,3) 42(16.7) 252
northorly)
Parsons snchorags{moroe 583(95.1) 30(4.,9) 613
southerly)

- o
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