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GENZRAL INTRODUCTION

During the surrer of 1950 a rajor investization in-
to various aspects of the juvenile staces of the life hisuu.,
of the

Pacific herring (Clupsa pallasii) was undertaken by
the Pacific Biological Statio

Up to that time, more or
less comprehensive stu

s had been initiated (and at least
partially cerried out) in all other

phasss of the life his-
tory of the Pacific herring. Stuliss of the adult populations
have been in progress since shortly after the turn of the
century.

A study of spawn deposition was begun in 1926, and
intensified in 1946; since 1949 various st
development

s conce!

ng

and mortality of the herring spewn have also been
carried out. In 1947 a corprehensive investigation of the
lerval stage was initiated. An investigation of the juvenile
therefore serve to fill the last major gap in
our knowledge of the life history of the
thus, completi

stuge should

Pacific herrin

3 background for rore spscific studies.
The purpose of the juvenile herring studies is to
follow the srowth, distribution, rovement and abundance of
the herring from retamorphosis

maturity.

An estimate of
survival dau

ng this perfod should give a good indication of
the probabls recruitrent of & year-cless into the fishery

at mturity. This role of prediction of the fishable stocks
irportant ons in fisheri

is an

s management, and as suok,
forms the primery objective of this investigation.

e

Yore specifically the aims of

is investigation
are:

1. To estirate the abundance of & new year class and its
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contribution to the population as & whols. This

would involve an estimite of survival at various
intervals during the period under study.

persal and mixing of the schools.

2. To investigate the dt
rations of the juvenilss.

3. To follow the m
y the rate of growth of young herring and com-

4. To stu

pare this factor from year to year and from popu-
lation for possible controlling factors.
the development of scale patterns.

To stu

With these objectives in mind a programme involving
& pinimum of three years of investigation was set up. For
were to be evolved

the first yesr, techniques end method
cal

and tested in a locality close to the Pacific Biol
station (i.e. Departure Bay). Using this information an in-
t of Vancouver

vestigation would be leunched on the west cos

Islend in the following year. This study would be continued
as long as it was required and would form an integral part of

the 1ife history studies now being carried out there in con-

(Tester and Steven-

st coast experire
of the west coast experiment is to

nection with the
son, 1947). The purpose
follow the changes which take place in a herring population

subjected to practically unlimited sxploitetion by the fishery

in comparison with populations whose exploitation is limited

by annual quotes. One of the chief aspects of this investi-
gation is a study of the causes of naturel fluctuations in
sbundance of herring, and the life history studies form one

of the most important parts of this research. Indeed it
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would seer that a study of the stage in the life history
inrediately preceding recruitment would give the best ad-
vance indication of the emount of natural fluctuation and
possibly some of its major causes.

HISTORICAL

KGROY

Prior to the present investigation, the only studies
on this phase of the life history of the Pacific herring on
record were carried out in Departure Bay fror 1938 to 1940 (Me-
Hugh, 1940). Various unpubliched reports give an outline of
on juveniles during this period.
juvenile work, but leid emphasis

his work This investigation
es of the

involved several

on vertebral studies. Thess latter showed:

1. significant differences betwsen young herring from different
bays and inlets (i.e. distinet populations) exist

similar to thoss found for adult fish and are pos-

sibly a little more discreet.
2. significant differences exist between young fish and sdault
fish captured commercially in the same general loca-

ar. This would be expected since

ity end the same
they went through the critical formetive period at
different times and thersfore under different condi-

tions.
The proportion of abnorral vertebra was considerably higher

This also is

in the young fish than in the adults.
xpected since the abnorral fish ere presumably

to be o
lese well adapted and would thus survive in smaller
proportions than the normal fish.

4. larger fish in & sarple tend to have higher vertebral counts.




5. The causative agent in the types of abnormalities listed
seems to be diffe:

tial growth.

There 1s a significant difference in the number of abnormal
vertsbra in different regions (s.g. Departure Bay
end Nenoose Bay). This presumsbly is the.Tesult of
the differentiel toll of environmental resistance ac-
ting more stronely on the less well adapted fish.

7. Three separate populations of juveniles were found in De-

parture Bay.

In one of his final reports, NoHugh states that the vertsbral

studics were too time-consuning to make further investigation

advisable et that stage.

Other studiss were also carried out. Stomach contents
of adult spring and coho salmon, finzerling coho and chum sal-
non, and young and adult ling-cod shored these fish to be pro-
dators on juvenile herring. Studles of the methods of sarpling
using dip net (surface), beach-seine (inshore), and dynanmite

(offshore) showed that smaller fish form the upper and inshore

positions of & school while larger fish form the deeper layers.

A significunt difference was found in the size of spscimers
from the same place and captured by different methods, and
thus sarples teken by different methods were not considered

comparable. By comparing the size and growth of fish in samples

examined, MoHugh wae sble to distinguish the prog

of early
and lete spawnings in Departure Bay. He also showed that the
total size atteined in the first vear tended to be about the

same for both populations.
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Some tagsing experiments were carried out by Nolugh

using several different types of tags. From the experiments,

it was concluded that smell, flat, body-cavity tags, 13 x 3 x
1/2 mm., were the most satisfactory type of those tried. Tag-
ging rortality on 70 mm. fish held in ten

s was found to be
581 - 754, and ragnet recovery at the Nootka plant of ten
test tags of this type was 90%.

RECENT OPERATIONS PRICR TC 1950

In 1948 and 1949, scouting for schools of juvenile
herring was carried out on the west coast during the months
of Vay and June at the conclusion of the larval studies. This
work was preliminary to the present study and subsidiary to
the larva investigetion, and was carried out by various members
of the herring staff. Three schools were sighted in 1948, two
near Nuchatilitz villago in Ssperanza Tnlet (Nay 31 and June

10), and one near Union Island, Kyuquot Sound (June 10). No
schools were sighted in 1949 but that year the seine boat used
for the survey had to be lald off near the beginning of June,
when the juveniles were probably just beginning to school up.

In the Departurs Eay vieinity, observations of schools during

the summer of 1949 were recorded. Juvenile herring were found

to be abundant from mid-June to late in August.
THE 1950 JUVENILE HERRING INVISTIGATION
One of the main purposes of the 1950 programme was
to try out various methods and gear with the object of esta-
blishing a procedure for a more intensive study in the future.
To this end, the following objectives were set up.
1. To loecate the herring at all stages from

early metarorphosis
onward.



To devise methods of capturing the herring at all of these

stages.

3. To take samplos at regular intervals for the purposeof
studying growth end generel distribution.

To carry out a rerking (fin clipping) programme to follow

the dispersal and mixing of the schools end to obtain

a rough index of population ebundance.

To tag juvenile herring with smell body-cavity tags (13 x

3 x 1/2 mm.).
These objectives mt with varying degress of success
and will be discussed separately.

Juvenile Herring Survey on the iest Coast of Vaucouver

Island
As in 1948 and 1949 efforts were rade in 1950 to locate
and capture juvenile herring on the west coast of Vancouver Is-

land. This study was carried out in conjunction with, and as &

continuation of the larval herring studies. The survey was
carried out from a seine bost (Figure 1.) operating throughout
the west coast of the island and from & field station at Toguart
Bay in Barkley Sound (Figure 2.). The methods employed are
discussed separately belok

Dusk and Dawn Observations for Surface Schools

Ferring show a tendency to appear near the surface at

dusk and dawn, when their flipping and flashing ray be readily
observed. Scouting for this purpose was mainly carried out
from an eighteen-foot scout boat (Firure 3.); observations were

also pade from the deck of the seiner and from the shore nsar

the field station at Toquart Bay (Figure 4.). Between Nay 17



and June 11, twe

pty-two sets of dawn end dusk cbservations
mede from the seine bos

and five from the field station.
ere recorded in Tables I and II respsctively.

Yo schools of
juveniles were sighted dwring this period, although several
large schools of adults were fou iowever, 1t 1s not consi-
dered probable that the juveniles hu

d schooled up before it
became necessary to conclude the west coast operations.
Attraction of Young Ferring to

a Light
Herring are known to be somewhat phototropic and at-
tempts were thersfore made to attract the juvenilss to lichts
set out over the water at night. Whenever the seins boat was
anchored at night, a 200 watt light

ras hung over the side about
two feet atove the

surface end en investigator stood ready
#ith a dip net to scoop out any fish that were attracted to it
(Figure 5.).

At the field station two 200-watt lemps wers
pleced on buoys at each end of a 400-foot waterproof electric
cable (Figure 6,). Investigators stood by with dip nets et
sach larp, one in a ainghy (Picurs 7.) and one in an eighte
foot scout boat (Fipure 8.).

n-
The power for these lights was
provided by a rotor generator mounted on the deck of the scout
boat., The mobili

of this equipment made continuous night
observations possible at an

bly sheltered location near
the field station. As an alternative to the electric light,
gas lamps wers used from both the seine boat &

station.

the field
An investigator tended the lanp fror a dinghy and
stood by with & dip net (Figure 9.). Good weather and & oalm
sea proved prerequisites for this work.
The first young herrin

tobe necess:

caught by this msthod were
taken about 350 feet offshore from the field station (Cabin

were

These



Point) on June 2, ten days befors the west coast operations were
concluded. The results of these night vigils are tabulated in
Teble ITI (seine boat group) and Table IV (field station group).

Semples taken by this means are sunmarized in the following

tabulation.
Date Place Uo. of Weather
rorring

June 2 Cabin Pt., Toquart Bay 15 moonlight

June 3 Cabin Pt., Toquart Bay 43 cloudy

June & Cabin Pt., Toquart Bay 2 cloudy

Tune 7 Cabin Pt., Toquart Bay 6 ra:

June 8 Stopper Islands 2 cloudy

June 8 Cabin Pt., Toquart Fay 1 cloudy
une 9  Cabin Pt., Toguart bay 25 roonlight

Tone 10 Sevicen 3o prer Islands and
cabin Pt.

June 11  Cabin Pt., Toquart Bay

June 11  Between Stopper Islands
and Cabin P

clear, no oon
foz, 1ight rain

fog, lieht rain

4o

All of these herring wers in the process of metamorphosis and
were taken from the Toquart Bay region of Barkley Sound. At-

traction to an electric light was tried twenty-nine tires from

the seine boat &

ten times at the rield station. The ges
lamps were used six times from the seine boat and twice at the
field station but failed to attract any herring. The light

from these lemps did not penetrate to the same extent as that

from the electric lights and could not be directed straight
down into the water. This may account for their failure to

attract the herring

Most of these metarorphosing herring were captured be-
tween 2300 and 0230 hours and on cloudy nights. On these oc-

casio

the lamps w

re placed directly above eel-grass beds,
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and within 200 yards offshore. Their light penstrated the

watsr to a depth of two to three f

homs. ihen the herring

appeared they seemsd to be swimming against a moderate current.

They came singly into the light range at a depth of one-h

£

fathom and

quickly pursued up to the surface by the school
of perch which was always lurking beneath. Since they appeared
singly and sporadically the herring could nothave been schooled
up at this stage.

All the young herring taken in this part of the in-
vestigation were less than 30 mr. long end undergoing metemor-
phosis. They were still more or less trensparent and had a
slight reddish tint anteroventrally. The body was just begin-
ning to deepen =nd the pigmentation starting to take form.

After metemorphosis was complete and the juvenile
herring hed schooled up, thres samples wers taken by dip nmet
in the daytire from other west coast regions. These samples
are recorded in Table V. At that time, the juvenile herring
were Teported to be available in large quantities.

Juvenile Herring Investigation in Departure Bay

During 1950 efforts were rade to locate, capture,
merk, teg end semple the juvenile herring in Departure Bay.
This investigation was begun on June 20, after metamorphosis
and schooling hed taken place. The last sample was taken on
October 18. The work falls roughly into five categories each
of which will be discussed individually.

Location and Capture

The location and capturs of the

venile herring were

the primary probler of th

s investigation. Schools wers located
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by attraction to a 200 watt light or by scouting in a sixteen
foot inboard power boat. Often schools of juveniles were loca=

ted, but methods of capture than in use proved ineffective. In

h eventualities new rethods were tried out, and in this

manner, several aif:

s or combinations of methods

were employed, all with varying s of success. The methods

used, time interval over which were effective, and their

results (number of samplss taken and number of i

h involved)

are tabulated below.

Yethod Time Interval f- No. of No. of
ctive Sanples Juveniles
Attraction to & light at  June 20 - July 17 17 3,758

night and capture with
a dip net or 1ift net

Beach seining July 13 - July 28 4 469
Drag seining - dusk July 25 - Oct. 18 16 3,442

- daytime 8 1,369
Herring reke Sept 18 - Sept 20 2 4
Attraction to a licht on  Sept 20 - Sept 21 2 25

a buoy and setting drag
seine around the fish

Purse seine Sept 26 - Sept 30 1 208
Dynamite Oct. 26 - -
Hauls with a conicel plankton net (bolting silk - 29

meshes to the inch) have been successful in obtaining larvae

up to about the beginning of June on the west coast, but since
the Departure Bay investigation was not begun until one month
after this method generally cesses to be effective it was not

used in this study. Thus, no =

amorphosing herring were

caught by this means in 1950, althow

some had been taken on

the west coast in previous years. Attrection to a 200 watt
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electric light and capture with a dip net

as effective for

the early juvenile stag

s (mid-June to mid-July). It also
yielded some results during the netarorphosing period although
the cat

per unit effort wes quite low. Daylight beach sein-
ing (i.e. pulling the

eine onto a bsach so that the fish are

out off from escaping from the bay b

the cork line on the sur-
face and the lead line drageing on the bottom) at low tide

provid

two good s

ples but in

rost sets no juvenils herring

were taken. It would seem that the period covered by this method

would probebly be more

atisfactorily sampled by drag seining
(1.e. using & beach seine in deepsr waters where the lsad line
1s well above bottom and ths fish are secured in & bay by

hauling the lead line into a boat or onto a rock) at twilight

nen the fish are on the surface. The latter rethod proved very
effective from mid-July to the beginning of September. After

that time the juveni

es becare puch swifter and mors active,

and consequently their location and capture presented considerable
daifficulty. The successful use of the drag seine became largely
dependent on the weather an

o state of the tide at dusk;

when these conditions were advers

it was necessary to adopt
other methods. A purse seins (wherein the fish are trapped by
elosing off the bottor liks the mouth of a purse) of one-inch
mesh was used successfully once, but ths smaller fish escaped

too eesily through the resh, thus introducing a certain amount
of selectivity as well as loosing & large portion of the catch.

In addition, the tarred web use

as very rough on those fish

caught. Some sz

all success was achieved with a herring rake.

(An elongate flattened pole, about 2 im. X 1/2 in. X 15 ft.
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with nails protruling from the end on one of the narrow sides.
fhen this pole is swept throush a school of small fish some

are usuelly ceught on the nails). Also, an etterpt was made

to attract the juveniles to a 200 watt light, set out on & buoy

at night; those fish attracted were captured in a purse seine

set around the buoy.
It would thus seem that the mein need for this parti-

cular aspect of the investization is to find an adequate method

of loceting and capturing herring during the period of metamor-
phosis end during the early fall.
Varking

progranre wes carried out on the juvenile
herring in the Deperture Bay vicinity principally to test its
feasibility and to determine approxirately how extensive such

a programme would have tobe to snsure adequate results. It

was also planned to determine a roush index of populstion abun-

dance end to follow to some extent the dispersal and mixing of

schools. 1In conjunction with this project, experiments were
carried out to estirate the probdable survival of the marked fish.
After a random sample had been preserved from each
ocatoh taken, the remainder of the fish were put into a "box-
type" 1ive-pen to be marked and rels: again. This live-pen
consisted of four chambers about two feet cube with screeuing
dow vas attached to the outside float at the

Biological Station wharf. Fish taken at some distance from the
float were transported there in a rowboat with a series of slits,
one-half inch by two i cut in the bottom. This "boat-
type" live-pen proved to be a relatively efficient meens of
moving the fish and in 81l cases mortality was quite low. Both
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the percentage mortality of the controls kept overnight.
In this menner, 11,914 juveniles were marked, of
which it is estimted 9,209 survived the marking (approx. 75%).

This estimate is for the operation only. Holding onto the fish

during the operation may be responsible for some of the morta-
lity. Also, differential mortality from the action of predators
pey be quite large end the herring population of Departure Bay
mey have been changing by immigration and emigration. In an
effort to reduce marking rortelity and to spesd up the operations,
numerous trisl markings were carried cut using the anaesthetics
urethane and chlorbutol in various concentrations, but mortality
was not significantly reduced and the time saved by the case in
working with anaesthetized fish was lost in preparing and ap-
Plying the ansesthetic.

Meanwhile, ignoring the above factors, some estimate
of the size of & Juvenile herring population may be obtained
which could serve for comparison from year to year. Schnabel's
formual for estimating a population from recoveries mads while
rerking is in progress (Ricker, 1948) seems to be best sulted
to the data. The results of this caloulation are given in
Table VII, from which it may be seen that if these figures were
truly representative, there would be between 1.5 million and 17
million juvenile herring in Deperture Bay. However, such an
absolute estirate could scarcely be considersd reliable since
the mortality of the marked fish was not considered in these
calculations; also immigration into the bay, emigration out of
the bay, and the possibility of incomplete mixing within the

bay heve all been ignored in these considerations. It is howeve:
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of value as en index of the popula

lons size.
The nurber of recoveries during 1950 wes insufficient

to give any significant data on the dispersal and mixing of the

Juvenile herr:

ng in Departure B

. All the fish marked were

cal Station

harf end the four recoveries

were all made within one-half mile of the wharf. There were
however, at least two large schools in this vicinity both of

vhich contained marked fish. A large rajority of the catches

were made in tr

is region and consequently recoveries could not

be ex;

ected fron rore i stant localitiss, considering the small
number of fish marked.

The fact that sors Tecoveries were made shows that &
parking programne is feasidle. However, it would seem that
about 100,000 juveniles would have to be marked in order to get
an adequate nusber of recoveries.
Tagaing

A tagging prograrme was included in the juvenile studies
in order to sstimate population size and to determine the extent

of the homing tendercy of the

herring. The use of internal

body-cavity tags whick

could be recovered from the fishery ap-
pears tobe the only method of ascertaining to what extent
the populations of adult herring which tend to return to more

or less discreet spawn

ounds are actually the

sh which

hetcred in that particular locality. Norwegian w

russen, 1950) have shown that the schooling o

herring is & ternor

ry snon with the schools dispersing
after a while and the fish later forming into new groups which

mey be quite differsnt from the previous omes. If such &
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oOn the other hand

the continued swrvival of the larger fish
tageed would seem to indicate that if the juveniles were still
available in quantity by th

v have reached a length
of about 90 mm., a full scale t

ng prograsme would be in

order.

Tag-recovery
During t

1950-51 fishing season, four sets of test-
tags

re put throush the reduction pls

ts at Steveston, B.C.
to determine the efficiency of detector and magnet recovery of

this type of tag. The results of th

detector lists are tabu-
lated below.

Detector Recoveries of Juvenile Test Tags

Date Plant No. Recoveries
Used Number Percentage

Nov 29/50 Inperial 10 2% 20

Nov 29/50 Imperial 12 1 8

* Detector sensitivity tuned up beyond practical
* operating level.
The results of the first detector recovery test canmot

be included in any tion of detector effici

ney at recov-
ery of fuvenile tags since the detectors s

itivity was tuned up
well beyond its practical operating

leYel. The recovery of 8%
observed on November 2€ cannot be considered truly representative
since it is based on ths recovery of only ome tag. However,
it does seer likely that detector recovery of juvenile tags will

be well below 10%. During the 1949-50 fishing season, detector

recovery of the larg

r adult tags (19 x 4 x 1.6 mm.) was approxi-
mately 70% (Stevenson and Lanigan, 1951). Thus the detector
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recovery of juvenile tags could only be about one tenth that of
adult tags and will thus be of 1ittle valus at the scale of pro-
gremme plenned.

The rain data on population size and migration will
therefare have to come from magnet recoveries. The results of

y of juvenile tags

four tests of ragnet efficiency at the recove:

are tabulated below.

Magnet Recoveriss of Juvenile Test Tags

Date Plant Yo, Time Lapse in Recoveries
Used. Da Total 4
012 3
Nov 29/50 Ivperial 20 H 1 13 65
Dec 6/50 Imperial 20 5 6 2 13 65
Jan 12/51  Gulf of Georgia 20 3 1 2 1 7 gs
Feb 5/51 Gulf of Geomgia 85 12 4 16

Ayezase poroantugs,

The megnet at the Imperial plant recovered 65% of the
test tags passing over it while that at the Gulf of Georgla
plant recovered 61f of its test tags. Thus an overall recovery
of about 63% may be expected from these and corparable plents.
A recovery of 90% was found by NcHugh in 1940 for a similar test
at the Nootka plant, but this estimate cannot be considered id-
daicative since it involved only ten tags.

Thus the chances of recovery of juvenile tags by plent
magnets ere nserly 20% lower than for the adult tags. In addition,
tagging mortality and natural mortality betwsen the time of tag-
£ing and the time for recovery are bound to be considerably
greater for the juveniles. It would thersfore be necessary to

counteract this higher mortality by tagging larger numbers of

fien.
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Sempling

The mein purpose of the sempling programme wes to s tudy
the growth and development of the herring between the stage of
metemorphosis and

they migrate offshore at the end of their
first summer.

Ten samples of herring in the early stages of

metamorphosis end two sarples of fully metamorphosed juveniles
were taken in Barkley Sound during this study. Fifty samples of
juvenile herring, from late meatmorphosis onward, were obtained

in Departure Bay. Two sarples wers also taken in the Kyuquot
area but were excluded from these considerations becsuse of their
remoteness from the locality of the rest of the study.

The age-length and age~weight relationships for the
sanyles from Departure Bay are shown in Figure 15. Age s ex-
pressed in terms of time of capture. The trend lines have been
drawn in either case to show the probable average length and
weight of specimens at any time during the interval sampled. The
age-weight relationship shows the customary concave-upwards

ourve showing that the rate'of ebsolute increase in weight inc-
reases with age. The custom

age-length relationship of & con=
cave downwards curve was not shown by the data from this study.
Rather, & linear relationship was found. Since the interval sam-
pled during th:

investigetion forms & comparatively smell portion

of the life span of the Pacific herring, it seems probable that

this line represents the initial slope of the usual curve before
any appreciable levelling-off has occurred.

The length-weight Telationship for the Departure Bay
eand Barkley Sound serples is shown logarithrically in Figure 16.

The date seem to compars but fall into two separate linear trends
of aifferent slope.

The two lines meet at & point representing
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a length of 33 mm. and a welght of 3.0 gms. (M in the figure).
This corresponds approxirately to the stage of corplstion of met-
amorphosis (Figure 17), when a change in this relationship might
be expected. The equations of these two lines were

determined to
be:

Before the corpletion of metarorphosis
log .1705 log L -1.3145

After the completion of metarorphosis
log W = 2.6239 log L -3.5020

Thus, uron the completion of meta
increase in weight

phosis the rate of
becomes greater with

respect to the rate of
incrsese in length (i.e. the fish tend to put on weight more
after metaror

osing). This fact is evident from the general

form of the specirens sbove and below 32 mm. in length in Figure
17.

The comparative development of herring du
phosis &nd the early

ng metamor-

juvenile steges is shown in Figures' 17-19.
The mejor stages in metazorphosis ars shown in Figure 17. The
21 tm. specimen is the normal postlarval form. The body is long,
narrow and rore or less transparent: the dorsel pectoral end

caudal fins are developing but the gut is still attachsd to the
bottom of the body wall. Pigmentation is confined to a few black
spots arranged more or less regularly dorsal to the gut.
begins to dsspen
suning e whitish

At this

1, at the same tire as-

stage the body and thick:

opagquens

. The gut becorss enclosed in the
body wall'and the ventral and anal fins begin to become evident.
This stage is represented by the 25 mm. fish i

n Figure 17. As the

body increases in depth, the gut becomes mors co:

tely enclosed
eand derk

gmentation

spots be

to appear in the caudal ead

dorsal regions (Figure 17 - the 26 mm. specizen). The mouth de-
velops repidly and by the tire the herring is about 32 rm. long
it reserbles the adult form for

he first time. Pigmentation
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then proceeds repidly, end by the 33 mm. stage metamorphosis
1s more or less complete and the herring embark upon & period
of rapid growth.
The growth of the juveniles throughout the summer
months is shown graphically in Figure 15, and is illustrated by

scirens in Figure 18. The rapid increase, both

the series of
> the mid period

ally

in length ond

Fresurably this is the height

ries (July

is reriod. Littls change

surrer feo

eppecrancs 1s svident during this reriod other then

/ith incroronts of 6 mm.

rowth, A seriss of juveniles

1 ts shown in Pirure 19. The only note-

srel eppecrance throurhout the seriss

4 rors robust appsarance

s ths ten
and to aequirs & jerker niprantation. The latter factor ray be

partially ‘us to a chunre in snviroarsntal eonditions with the
advenoing on.

SUMCARY
1 investigotion of the juvenils stage of the

ner

1. A

1ifs history of the Facific herring wes carried out during the
surrer of 1950 in Barkely Sound (May-June) and Dsperturc Bay
(June-0ctober) .

2. The juveniles wer. loceted by attracting them to a
1ight at night or scouting for them in an 18-foot scout boat.

A totel of seven methods of capture were erployed the most ef-
fective of which proved to be attraction to a light at night and
capture with a dip net (mid-June - mid-July) and dreg seining

(mid-July - mid-October).
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3. A marking prograrme was carried out in Departure Bay

from which, ucing Schnabel's forrula for sstirating population

fron recoveries made while rarking is in progress, a population

estinate was rede. In this prograrme, over eleven thousand
Juveniles were sarked, of which only four were recovered. On
the basis of these results a minirum population estimate for
Departure Bey was set at 1.5 million to 17 million juveniles.
The recoveries were too scanty to provide reliable data on the
dispersal and rixing of the young herring.

4 Five experimental tageings of juvenile herring were
carried out using small internal tags. From the results of
these tageinrs 1t would appear that excessive tageling mortelity
ocours in fish sraller than about 90 mm. in length. Even for
fish of that d@ze mortality would be relatively high but not
prohibitive.

5. Recovery tests of the spall internal tags show a re-
covery of less than 10% can be expscted from the electronic
detectors and a recovery of 60-70% by magnets in the plant meal
lines.

6. Yotenorphosis involves a period of 3 - 4 wseks end be-
gins at a length of about 22nm. and is completed when the fish
is approxiretely 33 mm. long.

7. The length-weight relationship changes at the completion

of metamorphosis, the rate of increase in weight becoming com-
paratively greater than that for length. Thus when plotted

logerithnicelly, the length-weight relationship shows two slopes

meeting at the point of complstion of metemorphosis.




8. Over the period of time inclu;

ip is concave upwards but the e

1t relstions)

line would

relationship tends to be line

tial slope of the usual concave do

prosent the
ole life span of the

for the age-length relationship if
Pacific herring were considered.
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Tavle I

Dawn and dusk observations for juvenile hurnne on the west coast;

Vancouver Islan

o

Date  Tine Flace bservation TWeathor
May 26 dawn Nettle and Pridesux Is. nil clear
lay 30 dawn Refue Cove e isolated flips  clear
-not herring
Mey 31 dewn Head of Kendrick Inlet some isolated flips  cloudy
Kendrick irm
June 1 dawn Queen Cove brigit and
June 2 dusk Union Islands Felih
dewn  Union Islands strong wind
June 3 dusk Quatsino Villag overea:
dawn  Quatsino Village rain
June 4 dusk Union Isl: eloudy
awn  Union Islands rain
June 5 dusk Nuchatlit overcast
wn  Queen Cove overcast,
June 6 dusk Queen Cove clear
awn  Queen Cove clear
June 7 dusk Kemdriok Amm ligat rain
awn  Kenrick Inlet mpm-n from Tahsis  light Tain
to head of Kendrick
(possibly adult her-
ring)
June 8 dusk  Stopper Islands n1 clear
awn  Stopper Islands few flips - not her-  clear
ring
June 9 dusk Nettle Island extensive flipring clear
possible herring
own  Nettlo and Pridemux Is. fow flips wot herring lear
June 10 dusk  Stopper Islands wobably sal- clesr
ewn  Stopper Islands nil
June 11 dusk Toguart Lay il
awn  Toquart Bay nil




Dawn_and

dusk observatio

Table 1T

ing in Barkley Sound

TFiela

Station group)

Date  Tire Gbser:
May 30 dswn flips observed opposite Maggie rive
T Srillings feland = adult
ols - salmon also jump-
dawa  Stopper Islands il
Qusk  Toguart Bay nil
dawn  Georses Island f1ips - two small schools of large her-
Ting.
dawn  East side Snowden large schools observed, large herring.
Island
June 1 dusk  Stopper Islands
dawn  Mayne Sey  sehools of adult herriag sen
dawn  Cigarette Cove 2 songels adult herring



Table IIT
Attraction of juvenile herring to lights
on _the west coast of Venoouver Island,
[Seins boat group
Date  Flace of Capture  Wethod of Atiraction  Time _ Wo, Weathe
1950 Oeught
May 19 Nuchatlitz 0wt Lt fron OME-00 0 olear
sein vou
May 18 Bowden Day 0945-1015 O  1light Tain
Mov 1€ Ross Passase n 0200-0330 O 1light rain
May 19 Ohrow Island " " 1000-1245 0 1ligit rain
19 Forves Island " " 0130-0430 O ligut rain
May 20 Hankin Island " " 2130-0030 O 1light rain
Nay 26 Toquart Sey (Fle1a = " 2200-0100 © e
Statior
May 28 Heakin Tobent " " 2230-2400 O ratn
lay 25 Nettle Island . B amom 0 emeetet
1t)*
lay 29 Forbes Island " " 2230-0015 O moonlight
Yay 29 Mayne b " " - moonli,
Vay 30 Refuge Cov " " 2150-2300 0 moonlight
lay 80 Houtla-Koutla " " . 2380-2430 O moonlight
lay 30 o . " 0l30-0330 0 moonlight
May 31 Plunper Bay " " 2130-2615 0 moonlight
May 81 Kendrick Arm n " 0030-03350 O moonlight
June 1 Muchavlitz . " 2045-2845 O olenr and
war
June 1 Queen Cove U " 0015-0845 O moonlight
dune 1 Queen Cove gas lamp from dinghy 0045-0315 O moonlight
June 2 Union Island 200 watt light from 2115-2300 r
seine
June 2 Union Islund gas lunp from dinghy 2215-2300 O olesr
June 3 Quateino Village 200 watt light from 21%-0215 O ovorcast
seine boat
June 3 Guatsino Village  gas lanp from dinghy 2300-0230 O overcast
(88 larvae)
June 4 Union Island 200 watt 1ight from 2130-0330 O showers
dinghy
June 4 Union Island gas lanp from dinghy 2200-0300 O  showers
June 5 Nuchatlitz 200 watt licht from 2130-2245 O overoast
seine boat
June 5 Queen Cove " " 2815-0030 O overoast
June 6 Queen Cove " " 2200-0015 O clear
June 6 Queen Cove gas lamp from dinghy 2245-0130 0  clear
June 7 Kendrick am 200 watt light from 2145-0330 0 ligat rain
Jovdos bout
June 7 nenarick arm s lamp from dinghy 2215-2815 O 14 s waia
Tule & Stopper Islands 500 watt Lign from 2000830 8
suine
June 9 MNettle Island " 2130-0350 0
june Bay-Gabin Pt, * " 2130-0880 1
June 11 Toquart Bay-Cabin Ft. " " =3




le IV

dstraction of juventle berring to ligsts
a

Date

Tocation

T o Wailar

June

June

June

June

June

June

June

June

June

June

2

3

5

7

e

10

nowden Is. ~ east
1de

Toquart, bay-Cabin

point
Toquart, Buy-Cavin
point

Pipesten Inlet-
nout s

Toquart. Bay-Cabin
point

Toquart, Lay-Cabin
potat

Toquart Jay-Cabin
Toquart Bay-Gabin

potat

Toquart Bay-Cabin
potat

Toquart Bay-Ci
point (north
s1de)

2300-1645 0 moonlight

2230-0330 15 moonlight
slight

Gas lasp from dinchy 2100-0345 O moonlight
windy(fast ‘
currents)

200 watt ligat from  2100-0400 43

21300345 0 cloudy

2100-0350 0 cloudy and
windy (fast
currents)

2100-0845 4 cloudy

0-0345 6 rain

2180-0845 1 ocloudy

2150-0845 25 moonlight

:

clear no

2130-0330 4 rain and
fog



Table V.

Juvenile herring captured on the west coast
: Poistiier Taliod stiey netimarmaets agt

Schooling were conpleted

Bats Flace of Gapture Weviod of Tine Wo.  Weather
1550 ateraction Cougit,
June 16 Kyuquot area  dip met daytine 220 ounshine
July 1 Kyuquot area  dip net daytime 50-  sunshine
July 5 Spring Cove  dip met anytire 10 sunshine
Table VI
Juvenile herring samples taken in Departure B
Tats Tocation Wethod of Gapture  Time  Wo, Weather
Caught
Jume 20 PBS dock Two 200 watt lights 2245-0100 400 cleer-slight
wind
0200-0250 659 cloar-slight
wind
June 21 PBS dock Two 200 watt lighte 22500300 41 shavers
Jume 22 P95 dook Two 200 vatt ligate 2230-0200 367 overcast
Tune 25 P3S dock Two 200 wett lights - 300 mooulight
Tune 25 P35 dock Two 200 watt lights 2230-0500 355 cloudy
Tune 26 P53 dock o 22300400 415 cloudy
Tume 27 PES dock ps 2230-0315 256 overcast
June 28 P33 dock wo 15-0845 157 overcast
Tune 29 P35 dock o 0250 1350 full moon
July 2 P53 dock v 22150100 282 full w00
July 3 PSS dook Two 22150345 200 clear no moon
July 4 PBS dock Two ts 22150200 169 clear no mo
July 5 FBS dook Ivo 200 watt lights 22300300 176 cloar no moon
July 6 P53 dook Two 200 watt lights 2500-0415 2 cloar no moon
Wy 7 P35 dook Two 200 watt lights 200-0100 3 } moon-mady
ater
July 10 PBS dook wo 200 wett lights 2215-0500 133 overcast
Tuly 15 PHS dock Two 200 watt lights 2230-0550 44 olear
July 14 Departure saybewh Beach seine-daytine 1050-1430 1 clear-sun-
shine
July 17 P35 dook Two 200 watt lights 10000050 1 drk
T4y 84 021 Nowoastlo Gad Seach seins-doyiine artemmoon 1 suneiize
-zorth on
nuly 25 orr Jursuweu Bluft Drag seine-dusk  1900-2150 400 dusk
in kelp b
Suly % Off Jesse lsiend  Drag seine-dusk  1930-2130 447 dusk
July 28 Departure Gay beach Beach seine-daytime 1500-1500 242 overcast
off Spit




Table VI (cont'd)

Juvenile herring samples taken in Departure Bay

Date Tocation Wethod of Capture  Time  No. Weather
Caught.

Aug 1 Off Jesse Island  Drag seine-dusk 1930-2180 232 dusk

Mg 8 0ff Jesse Island  Drag seine-dusk 1930-2100 231 dusk

Aug 10 0f: Jesse Island a: seine-dusk 1930-2100 191 clear at dusk

Aug 15 Off Jesse Island  Drag seine-dusk 1730-2130 215 dusk

Aug 16 West of PBS dook  Drag seine-dusk 1700-2030 150 clear new
oon

Aug 16 Opposite Jesse Is. Drag seine-dusk 2000-2145 60 clear new
moon

Aug 17 West of PBS dock  Drag seine-dusk 1900-2015 297 clear new
moon

aug 17 Opposite Jesse Is. Drag seine-dusi 2015-2200 244 clear new

n

dug 18 opposite Mlaok Hock Dreg sstne-layiime OSOIIO0 £33 munshize

hug 22 Dreg seine-dusk 1830-2050 260 -

g 22 Drag seine-dusk 2030-2150 36 -

hug 23 Drag seine-daytime 0900-1100 201 -

Aug 24 Drag seine-daytime 0900-1100 196 -

hug 25 Drag seine-daytime 0900-1100 234 -

Mg 28 Dreg seine-deytine 0%00-1130 218 =

hug 8L Drag seine-dsytime 09.0-1130 48 -

Aug 8L rag seine-dus! 1830-2030 255 -

Sept 9 0ff Black Rock Drag seine-daytine 0920-1130 197 -

Sept 18 Off Wnite Marker  Herring rake 1600-1700 1 sunshine

n fog
Sept 20 O1f Wnite Marker  Herring rake 1400-1600 & sunshine
Sept 20 0rf Black Rock Light fron pover  2000-2200 1 calm, clear
4 drog seime -
net
Sept 21 Mid-channel bet-  Light from power  2000-2400 5 moonlight
Son et frmg saion
oot 12 Pures seine-dayiime 0930-1100 clear
oot 18 Purse seine-daytive 180-18%0 106 eek




Table VII

Date B i o a8 © P
c
Yo, of No. of No. of FPopulation
Marked Pish . Marked
Fishet  in Sam- Fish in
le
July 16 31
26 9
27 an
28 466
g 1 1,286
2 75 1 2,522,670 1 2,522,670
8 1,919 7,675,266 1
9 732 11,087,950 1
15 309 12,739,246 1
17 2 2 1
18 1,420 1
23 1,00 2 3
2 94 3
25 Bs 3
28 1,906 3
29 14 1 4
Sept 1 10,607 910 59,244,759 4
9 1,517 581 67,087,816 4 16,771,954

Poisson Linits of 954 confidence 1.0 = 10.2 vevvveennseeesenns 16,771,954 =
1,644,509,



TUVANILE HERKING SURVEY LN HARKLKY SOUND

P
A seine boat used in the Figure 2. Tue field station &t
west coust juvenile survey. A Toquart Bey in Sarkiey Sound.

scout boat is carried on deck.

Pigure 3. An 18 ft. scout boat used  Figure 4. Tue suoreline at Toquart
for scouting for juveniles. Bay field station. It was in tiis
iumediste Vicinity tuat most of the
semgiss of matasarpuoning hacring

wore takea.




CAPTURS UF JUVANLLE HERKING IN BAMecsd Suusb oI ACTRACTAG 1V & LIGHT,

¥igure 6. At ths field station,

yower for tue two 00 watt liguts
boat. An investigator is stending used to attract tue herring was
by wita a dip net to capture any proviuca by & generator Wouatea
fiso whica spprosca the light. ou the forwara deck of a scout

Wateryrool cabie.

Flgure 7. The ligt at the eaa of

i u, net.
Buoyed up oy coxk

Flgure 8. AD investigator in the Fleure ¥. A coledsu gus Luiters
scout bost rus tuo geaeruior sud Was used iGere iectric yower
watchea for risu st tue other We§ LOU &VMiLa0Le, OUL WS HO
gt very erfootive.



THE Mk LG OF JUVAMLLE BAKNG I LirhitUKS BRX

Figue 10. Juveaile herrin being
ed at the Biologioel Station
Tioat. Tne bout-type iive-pen ia
the foregrowa couteins tae wi- 6
Barced

Fgure . Tue Jursmiis hecring
are t-type

& free excuuge of wab

Figure Li. The jureniies are tru-
sferred to & enakie. wash Dusin
about 3 full of clewn sult et
Tue netting arownd tue sices wid
bottou 1s to prevent injury to ths
fisa by bumping 1uto tue herd eas-
mel surface.

il

Figure 13. The fich are reuoved Flgure 14, A cortein perceutage of
singly by henc and marked by e Marseu juveailes is rotuin
removin fiss with a pair of iu tue DOX-tyye iive-pen with ~
elippors. oqual BULDGr OF UMNATKGU CODIOAS

iu the next compurtu



gure 15. The age-length and ago-veight relationehips for juvenile herring
captured in Departure Bay during 19%0.




Figure 16. The length-weight relationship for metamor-
Phocing end juvenile herring studied during the 1950

ey.



A series of young herring showing metemor-
lerva to the juvenile. The period in-
volved ic approximately between six end ten weeks
after hatching.




A serias of Juveile heering shoving growth
¢ throughout the sumer months. The
Siae um—m Setwrtn specimens is approximately one
week in mo; Specimens are typical ones from
the larger nlylu taken.




Figure 19. A serics of juyenile herring shoving en incw-
ment in length of epproximutely 6 mm. from specimen to
specimen.
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