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ABSTRACT

Moriey, R. B., H. T. Bilton, A. S. Coburn, D. Brouwer, J. Van Tine, and
W. C. Clarke. 198B. The influence of time and size at release of
Juvenile cohe salmon (Oncorhynchus kisutch) on returns at maturity:
results of studies on three brood years at Quinsam Hatchery, B.C. Can.
Tech. Rep. Fish. Aguat. Sci. 1620: 120 p.

Juvenile one year old coho salmon {Oncorhynchus kisutch) were
reieased from Quinsam Hatchery on April 20, May 10, May 30, and June 18 in
both 1980 and 1981 and on May 30, 1983; fish of each release were graded to
three size categories and coded wire tagged. The resulting returns to the
catch and escapement were examined for influences of time of release and size
of juveniles at release. While there were differences in total survival among
studies (i.e. brood years), the relative differences associated with time and
size at release were quite consistent within studies. Time of release
strongly influenced survival. Response surface analysis indicated maximum
adult returns from juveniles released on June 5; returns increased gradually
until this date and then decreased sharply. The effect of juvenile size on
adult refurns was minor, with stightly higher returns from smaller juveniles
indicated, especially for eariy releases. The incidence of jacks increased
with eariier release and was strongly affected by juvenile size, the incidence
being higher for larger juveniles; the size-associated differences observed in
the adult returns appear to have been largely attributable to these
differences in the incidence of jacks and their effect on production of
aduits. Maximum adulf biomass was indicated for releases made 3 - 5 days in
advance of the date for maximum adult returns, reflecting the larger size of
adults from eariier releases. Geographic and gear type distribution in the
adult fishery was gquite consistent between years:; the most notable feature was
the increasing proportion of the catch taken in the scuthern area sport
fishery associated with later releases. Seawater challenge tests indicated
that differences in return rate among the four release dates did not result
from changes in seawater adaptability of the smolts, which was at its optimum
about seven weeks in advance of the oplimum release date; rearing at lower

temperatures to delay smolting is suggested as & possible means of further
increasing survival.

Key words: c¢oho, size at release, time of reiease, survival, precocious
males, jack, salmon fisheries, sex ratios, seawater challenge,
biood sodium
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RESUME

Morley, R. B., H. T, Bilton, A. S. Coburn, D. Brouwer, J. Van Tine, and
W, C. Clarke. 1988. The influence of time and size at release of
Juvenile coho salmon (Oncorhynchus kisutch) on returns at maturity:
results of studies on three brood years at Quinsam Hatchery, B.C. Can.
Tech. Rep. Fish. Aquat. Sci. 1620: 120 p,

A la piscifacture Quinsam on a remis 4 1'eau le 20 avril, Te 10 mai,
le 30 mai et le 19 juin 1980 et 1981 et le 30 mai 1983 de Jjeunes saumons cohes
(Oncorhynchus kisutch) 8gés d'un an 3 chaque remise 4 1'eau, les poissons
étaient classés dans trois catégories de taille puis &taient marqués 4 1'aide
d'étiguettes métalliques codées. On a examiné les taux de retour consécutifs
dans les prises et dans la remonte pour déterminer 1*influence du moment de
remise & 1'eau et de la tailie des jeunes relfchés. BRien quien ait observé
des différences dans 1a survie totale entre les tudes (c.-d-d. Tes annédes de
génération), les différences relatives 1iées au moment et 3 1a taille lors de
1a remise d 1'eau ont été& assez constantes dans les études. Le moment de 1a
remise & 1'eau a influé considérablement sur la surive. L'anaiyse
superficiellie des réactions a montré qu'il v avait des remontes maximales
d'adultes avec les jeunes 1ibérés le 5 juin; les remontes ont augmenté
graduellement jusqu'd cette date puis ont diminué nettement. L'effet de ta
taille des jeunes sur les remontes di adultes a &té mineure, des remontes
légeérement plus élevées étant enregistrées pour les jeunes plus petits,
particuliérement Yes remises & 1'eau précoces. La fréquence des jeunes
saumens midles a augmenté lorsque la remise a 1'eay Btait précoce et dépendait
beauccup de la taille des jeunes, la fréquence étant plus &levée pour les
Jeunes de taille plus grande; les différences 1ifes 4 la tatlle observées dans
les remontes d'adultes semblent. Aveir été grandement imputabies & cas
différences dans la fréguence des jeunes saumons miles et & leur effet sur la
production d'adultes. La biomasse maximale des adultes a &té enregistrée pour
Tes remises & 1'eau faites de 3 & 5 jours avant la date des remontes maximales
d'aduites, ce qui refléte la taille plus grande des adultes provenant de
remises a 1'eau precoses, La distribution géographique et des types d'engins
pour la p€che des adultes a été tout & fait constante d'une année & Ttautre;
la caractéristique la plus remarquable a &té 1a proportion croissante des
prises réalisées dans le secteur sud de p8che sportive qui &tait liée aux
remises 4 1'eau tardives. Les tests de provocation a 1'eau de wer ont montré
que les différences observées dans le taux de remonte entre les quatre dates
de remise & 1'eau ne résultaient pas de changement dans la capacité
d'adaptation & 1'eau de mer des saumoneaux, qui &tait optimale enviren sept
semaines avant la date optimale de remise & 1'eau; on propose que 1'élevage
s'effectue d des temératures inférieures pour retarder le passage au stade de
saumoneau ce qui serait un moyen possible d'accroftre davantage la survie.

Mots-cl1és: saumon coho, %taille 4 la remise d& 1'eau, moment de la remise &
1'eau, survie, mdles précoces, jeune saumen mile, pecheries de
saumon, rapports des sexes, provocation 4 1'eau de mer, sodium du
sang



INTRODUCTION

A study at Rosewall Creek experimental hatchery, VYancouver Island,
British Columbia, showed that both the time of release and size at release of
Juvenile coho salmen infiuenced their subsequent growth, survival, and age at
maturity. Substantial increases in production could be achieved by releasing
fish at optimal times and sizes (Bilton and Jenkinson 1976; Bilton 1978:
Bilton 1980; Bilton et al. 1982). As part of a Federal-Provincial Saimonid
Enhancement Program, similar studies were undertaken at two production
hatcheries in British Columbia: Quinsam Hatchery, on north-east Vancouver
Island, and Capilano Hatchery, on the southern mainland. The obiective of
these studies was to determine whether the Rosewall results could be applied
to improve the effectiveness of existing or proposed salmonid enhancement
facilities or whether site specific and/or annual {i.e. brood year) variation
in the the effects of time and size at release could be expected. The studies
were conducted on multiple brood years at each location to examine for annual
variability. Quinsam and Capilano were selected since they differ in culture
methods as well as location - (Quinsam Hatchery uses around water over the
winter and 1s therefore considered a "warm-water® hatchery; rearing
temperatures during this period are much warmer than they are at Capilano, a
‘cold-water® hatchery, where ground water is not available.

This report deals with the studies at Quinsam Hatchery. These
studies consisted of a series of releases in 1980 {1980 study) and in 1981
{1981 study) designed to examine the simultaneous effects of both time and
size at release. An additional single release of three size categories was
made in 1983 (1983 study) to further examine the effects of size at release
only. The 1980 study has been reported by Bilton et al. (1984) and the reader
is referred to that source for a full description of the study and detailed
resulis. Descriptions and results of the 1981 and 1983 studies are presented
in Parts I and II, respectively, of this report. The combined results of the
three studies are discussed in Part IIl1. The studies at Capilano Hatchery
were begun cne year fater than the Quinsam studies and have been reported to
the release stage only (Bilton et al. 1982c, Bilton et al. 1983).



PART 1. RELEASES MADE IN 1981

MATERIALS AND METHODS®

DONOR STOCK AND REARING

A part of the production stock of 1979 brood Quinsam Hatchery coho
was used for the experiment. Fish were reared in four Burrows ponds at
standard production densities using normal hatchery water; Oregon Moist
Pellets (OMP) were fed according to routine hatchery schedules.

EXPERIMENTAL DESIGN

Three size groups of juveniles were released at each of four times,
using fish from a different pond for each release. Size groups were
replicated three times within each release, giving 9 groups per release, 368
groups in total. FEach group was tagged distinctively using coded wire nose
tags (CWT's) and all tagged fish were marked externally by removal of the
adipose fin. Size groups were obtained by grading into small, medium, and
large length categories (details follow). The design is cutiined below:

Release date and approximate number of fish

Size Category Apr 20 May 10 May 30 June 19
Smali 4,000 4,000 4,000 4,000
4,000 4,060 4,000 4,000

4,000 4,000 4,000 4,000

Medium 4,000 4,000 4,000 4,600
4,000 4,000 4,000 4,000

4,000 4,000 4,000 4,000

lLarge 4,000 4,000 4,000 4,000
4,000 4,000 4,000 4,000

4,000 4,000 4,000 4,000

'Details of this study up to and including release have been previousiy
reported (Bilton et al. 1982b); the reader is referred to that source for more
detailed information.



MARKING, TAGGING AND RELEASE

Fish for all releases were marked and tagged during November, 1980.
Fork length-frequency distributions for fish from each pond were used to
establish size categories at the time of tagging. Five percent from each tail
of the distribution was rejected (to remove extreme values) and the remaining

distribution divided into three 30% portions classified as small, medium, or
targe.

Fish were anaesthetized before marking and tagging. The adipose fin
was first removed, fish were then graded to size category and the appropriate
nose tags appiied. They were then returned to the pond from which they
originated and remained there until release. Approximately one-half of the
fish in each pond was marked and tagged; unmarked fish were left in the ponds
and released along with the marked fish. A1l marked mortaiities between time
of marking and release were examined for CWT's, which were extracted and read:
release figures were adjusted accordingly.

Releases were made at approximately 1800 h on Julian days 110 {(Apri)
20), 130 (May 10), 150 (May 30), and 170 (June 18), 1981. A samplie of 1,000
marked fish was removed from each pond on the day of its release. These fish
were kRilled and frozen; the OWT's were later removed and read and the fork
tength, weight, and sex of each fish was determined. Tag retention was
estimated from the proportion of marked fish in the sampie lacking tags and
the estimates of numbers of tagged fish released were adjusted accordingly.
Other samples were collected for health evaluation, histopathological studies,
proximate analysis, and seawater adaptability tests. Estimates of size, sex
compoesition, and numbers released for each of the 36 groups are given in
Tables I-1a to I-1d. Analysis of sex ratios and results of health evaluation
and seawater adaptability tests are summarized below.

HEALTH, SEAWATER ADAPTABILITY, AND SEX RATIO OF JUVENILES

Health

This information was provided by the Diagnostic Services Unit of the
Pacitic Biological Station, based on results of health evaluation of juveniles
just prior to release. Eye damage was evident o some degres (2% to 10% of
randomiy sampled fish) in fish of &1l releases; this was judged to bhe
primarily a result of physical damage. Bacterial kidney disease was detecied
in fish of the April 20 and May 10 releases, but at a low incidence., Fish
health tended io deteriorate the Tonger fish were held, as evidenced by a
greater degree of eye damage and a light myxobacterial infection in fish of
the last release. MWicrohematocrit values {a general indicator of fish heaith}
were all within normal ranges.



Seawater adaptability

Seawater challenge tests were performed on fish sampied from March
until early August, and included tests at the time of each release. In thase
tests, blood plasma sodium levels after 24 h exposure to seawater were used as
a measure of ability to osmoregulate (Blackburn and Clarke 1987).
Adaptability varied considerably with season but somewhat Tess with fish size
(fork length or weight)}. During the period of the four releases, all groups
had good seawater adaptability; there was only a slight change in performance
during this time and no correlation between fork length or weight and plasma
sodium after challenge. Response surface analysis of the plasma sodium data
from all tests indicated that seawater adaptability reached a maximum during
mid-April, just prior to the first release.

Sex ratios

The sex ratios observed in the release samples were examined for
both equaiity between groups and for deviations from a 50:50 male to female
ratio. The actual numbers of males and females in the sample from each
replicate are given in Tables I-l1a to I-1d; the proportion of males in each

sample is given in the following table {values in parentheses are for pocled
replicates):

Size

Reiease Smaiil Medium Large Combined
April 26 .4634 L4914 4634 4735
(1) .4538 4286 5644 .4811
~4792 L5370 4891 0034
(.4646) {.4876) {.5032) (.48586)
May 10 .5413 .4922 .0042 5112
{(2) 4904 5048 5833 . D2B8
L4938 .5259 . 5437 .5233
{(.5102) (.5072) {.5439) (.5208)
May 30 4779 .4828 .4779 4795
(3} 4505 .4331 .5180 4695
4429 4220 5467 L4046
{.4592) {.4460) (.5107) (.4717)
June 19 .4153 .5043 .5625 L4928
{4) . 3902 .4909 .5051 4578
4717 L5053 .5631 5132
(.4236) {.5000) {.5448) {.4873)

Combined 4627 . 4848 .5258 .4915




A 2-way {time x size) ANOVA was Tirst performed, using the
proportion of males in each of the 36 groups as a single observationl:

Source of Degrees of Sum of Mean

variation frasdom squares square F p
Releases 3 0.0109 0.0036 3,10% 0.0455
Sizes 2 0.0244 0.0122 10.43%%% 0.0006
Relgases x sizes ) 0.0098 0.0017 1.41 0.2511
Error 24 ¢.0281 0.0012

Total 35 0.0733

The effect of size was highly significant; the lack of interaction indicates
the uniformity of size effects between releases, the proportion of males
increasing with increasing fish size. Release effect was only marginally
significant and was insignificant when interaction was pooled with error
(F=2.87; d.f.=3,30; p=.063).

Next, the sex ratios were examined for deviations from a 50:50 male
to female ratio using heterogeneity G-tests (Sokal and Rohif 1981), which
included further tests of equality of ratios between groups. These tesis were
done twice, once to test ratios within and between sizes (using the total male
and female counts for each size) and once to test ratios within and between
releases (using total male and female counts for each release).

a) Size effects

Proportion
Size Male Female n male d.f. G p
Smalil 570 662 1232 {4627} 1 6.8765%* (0,01
Medium 652 693 1345 {.4848) I 1.2500ns5 0.26
Large 683 616 1298 {.5258} 1 3.4573ns Q.08

Total 3 11.5838%% (.01
Sum 1905 1971 3876 (.4915) Pooled 1 1.123%9ns  0.28

Heterogeneity 2  10.4599%* 0,01

Yin this analysis testing is for equaiity of sex ratios only, it is not a
test of a 50:50 sex ratio.



b} Release effects

Proportion

Release Male Female n mate d.f. G D
i 454 481 g3k {.4856) 1 0.7798ns 0.38
2 513 472 985 {.5208) i 1.7071ns  0.19
3 459 514 973 (.4717) H 3.1106ns 0.08
4 479 504 983 (.4873) H 0.6359ns  0.43
Total 4 6.2334ns  0.18
Sum 1905 1871 3878 {.4915) Pocled i 1.123%s  0.28

Heterogeneity 3 5.1095ns 0.15

The heterogeneity G-tests indicated the population as a whole (pooled G) did
not differ significantly from a 50:50 male to female ratio. However, there
were significantly fewer males than females in small category fish. Pairwise
comparisons of the sex ratios among sizes (unplanned tests of homogeneity,
Sokal and Roh1f 1981} indicated a significant difference in ratios between
small and large fish only {p<.01), small fish having a lower proportion of
maies. The sex ratios observed for each release were not significantly
different from a 50:50 and ratios did not differ significantly between
releases.

RECOVERY OF JACKS (AGE 1.0) AND ADULTS {AGE 1.1, 1.2)’

Escapement

Jacks
In the fall of 1981, 98.5% of the jacks returning to the Quinsam
hatchery were examined for adipose fin clips and CWT's. Hypural length and/or
round weight were recorded for 96% of the tagged fish; sampling was conducted
throughout the run. A1l fish recovered were prececious males.

River spawners were not examined; the returns presented and analysed
in this report are for the hatchery only and are therefore conservative,
Hatchery records indicate the hatchery fish represented approximately 89.7% of
the total {i.e. hatchery plus river) escapement.

Aduitis
A1l adult coho returning teo Quinsam hatchery in the fall of 1982
{age 1.1) were examined for adipose clips and CWT's. The sex of all tagged

‘European system of age designation; the first digit indicates the number
of annuti formed while in fresh water, the second those formed while in the
ocean (Koo 1962). A 1.0 fish returns in its 2nd yr (from hatching) after
spending 1 yr in freshwater and part of 1 yr in the gcean, a .1 Tish returns
in its third year after 1+ yr in the ocean, and a 1.2 fish in its 4th year
after 2+ yr in the ocean.



fish was recorded and hypural length and/or round weight recorded for 88% of
fish from throughout the run. It was estimated that hatchery returns
represented 76.2% of the total adult escapement; the remainder spawned in the
river and were not examined. As with the Jack recoveries, the escapement

returns presented and analyzed in this report are for the hatchery only and
are therefore conservative.

A simitar recovery program was conducted in the fall of 1983: no age
1.2 fish were observed in the hatchery escapement,

Catch

Estimates of the numbers of tagged coho taken in the 1981, 1982, and
1983 commercial and sport fisheries were obtainad through the coastwide Mark
Recovery Program (MRP) supported by government agencies in British Columbia,
Alaska, Washington, Oregon, and California.

In British Columbia, commercial catches were sampled at a target
intensity of 20%; the numbers of tags recovered {observed recoveries) were
then expanded by adjusting for the actual sampling rate for each catch to give
estimated recoveries. Estimates of the numbars taken in the sport fishery
were based on voluntary returns of heads from adipese clipped fish, Returns
were expanded using “awareness factors® derived from estimates of the
proportions of the clipped fish caught which were recognized and reported.
Georgia Strait monthiy awareness factors were calculated from year round creel
census surveys conducted by the Fisheries Branch of the Department of
Fisheries and Oceans, averaging between adjacent months or the same month in
adjacent years to obtain estimates if necessary. For all other areas an
awareness factor of 252 {i.e, 25.2% of the clipped fish caught were reported)
wdas used; this is the average awareness factor from an garly (1980-81) Georgia
Strait Creel Survey (DPA 1882}, weighted by catch for region.

Estimates of the numbers recovered in United States fisheries were
provided by the various American agencies; these agencies use similar sampling
and estimation procedures.

Very few Tish were taken in the 1983 fishery {age 1.2): these were
all taken in the sport fishery and it is possible they were simply late

voiuntary returns of fish caught in 1982 (i.e. actualiy age 1.1). They were
included with the 1982 adult recoveries for purposes of analysis.

DATA ANALYSIS AND RELIABILITY

Fishery recoveries in the vear of release

An important aspect of the study was the incidence of jacks in the
various groups. [t was therefore desirable to classify the 1981 fishery



recoveries as maturing jacks or as potential adults {immatures), Since
information on the sex or maturity of these fish was not avaiiable it was
necessary to estimate the numbers of each type. Assuming the 1581 catches to
have been un-biasad samples of the population at that time, the jack:
potential adult ratios of the fish caught would have been the same as those of
survivors of the fishery. The latter were estimated for each group using 1}
the 1981 jack ascapement returns, and 2) the 1982 aduit returns (catch plus
escapement) expanded backward to allow for estimated natural mortalities
during the year subseguent to the 1981 fishery.l The ratios determined from
these two figures were used to divide the 1981 catches into jacks and
potential aduits. Those designated as jacks were then added to the 1881 jack
recovery figures; those designated as potential adults were added to the 1882
adult recoveries after subtracting estimated natural mortalities far an
additional year in the ocean. Although this method requires numerous
assumptions and estimates, the results appear reasonable and affect the
analysis less than designating all recoveries as either jack or adult, or
omitting them completely.

Percentage returns

Percentage returns {% returns) were calculated based on the numbers
of tagged juveniles released. Returns to the escapement are considered
conservative (since they do not include river spawners) but reliable. Returns
to the commercial fisheries were calculated by adjusting the observed
recoveries for differing catch sample rates and are considered to be fairly
accurate but Tess reliable than the escapement counts. Estimates of returns
to the sport fishery are considered less reliable than other astimates because
of possible inaccuracies in the awareness factors used.

Biomass of returns

Biomass estimates of returning fish were calculated using the
average weights of jacks and adults for each group as determined from sampiing
of hatchery returns. For comparative purposes, the estimates were
standardized to kilograms per 100,000 juveniles released, based on the
observed percent returns. Final weights as observed at the hatchery were used
since little biological information was available for the fishery recoveries.
Biomass is probably slightly overestimated since fish taken early in the
fishery would not have reached final weight. It is also possibie that size
selectivity of the fishery could have created differences in size distribution
between the catch and escapement.

Statistical analvses

The relationships between dependent variables (e.g. percentage
returns, weights of adults) and weight at release were examined separately for

iAﬂy fish surviving the 1981 fishery would have ejther suffered natural
mortality or contributed to one of these returns., Estimates of natural
mortality were made using monthly instantaneous rates derived from a Puget
sound study, as described by Ricker (1976).



each release using polynomial regression analysis (BMDP Statistical Software
1981} data was tested for fit to both linear and gquadratic modeis. Response
surface analysis was used to examine the relationships between dependent
variables and both independent variables (time of release and weight at
release) simultaneousiy. This approach enables one to predict responses of
the dependent variable for any combination of time and weight (Schnute and
McKinnell 1984). Eguations for significant regressions and response surface
model parameters are given in Appendix Tables 1 and 2, respectively.

Most statistical tests are from Sokal and Roh1¥ {1881}, A minimum
significance level of 5% {(a=0.05) was used in all tests. When calculating
weights of returning fish, replicates were pooled, if necessary, o give a

minimum sample size of 10 for any group. Other analytical methods and
statistical tests are described whers they occur in the text.

RESULTS

Eguations for significant regressions and response surface model
parameters are given in Appendix Tables 1 and 2, respectively.

RETURNS OF JACKS AND ADULTS (Tables I-ia to I-1d}

Jack returns

Total return of jacks was 940. OF these, 832 were recovered in the
escapement to the hatchery and 8 were estimated te have been taken in the
fishery. The few faken in the fishery came mainly from larger size category
groups.

Highest total return {catch plus escapement) for a common release
date was for the May 10 release, 464 fish or 1.33%. This was followed in
decreasing order by the May 30 (281 fish, 0.83%), April 20 (156 fish, 0.48%)
and June 18 (39 fish, 0.11%) releases.

For the May 10, May 30, and June 19 releases, there were significant
linear correlations between jack % returns {catch plus escapement) and smolt
weight, larger smolts producing higher % returns (Figure I-1: ré=.847, .914,
and .697 respectively: p<.01 for all). Addition of a guadratic term (x*} did
not significantly improve the fit for any release, the guadratic curve shown
for the April 20 release represents a line of best fit only (1.e. higher r#
than the linear).

Response surface analysis of jack % returns is shown in Eigure 1-2.
Strong effects of both size at release and time of release are indicated.
percentage returns increase with advancing date until about day 130 {May 10)
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MEAN WEIGHT OF JUVENILES AT RELEASE (g)

1981 releases. Mean weights of juveniles (sexes combined)

at time of release and total returns of jacks (catch plus escapement)
as percentages of juveniles released.
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weight of juveniles at release and time of release.
Contours represent estimated returns, individual points
are the observed values for each group.






then begin to decrease at about the same rate. There is an increase in %
returns with increasing size throughout the period of the releases; however,
size effects are strongest arcund day 130. The broken line represents the
Tine of optimum release date; for juveniles of any given weight {y axis
intercept) the corresponding date (x axis intercept, as determined by the
tine) is the date for which maximum % returns are predicted; the optimum date
advances very slightly with increasing juvenile weight. The manner in which
the contours ascend toward the top center of the figure suggest a theoretical
maximum % return somewhere in this area but beyond the tested range.

Adult returns {sexes combined}!

Escapement
A total of 1,728 adults were recovered in the escapement Lo the
hatchery. Highest return for a common release date was for the May 30
reiease, 919 fish or 2.72%. This was foilowed in decreasing order by the May
10 (393 fish, 1.13%), June 19 {248 fish, 0.72%), and April 20 {168 fish,
0.51%) releases.

There were no significant linear correlations between juvenile
weight and adult % returns within any of the releases. Addition of &
quadratic term improved the fit for the June 19 release significantly (p<.01},
giving an r? value of 0.719 and suggesting siightiy higher % returns from
medium sized juveniles (these relationships are not iltlustrated).

Catch

Adult contribution to the combined fisheries (sport plus commercial)
was estimated at 5,545 fish. Highest return for a common release date was for
the May 30 release, 2,891 fish, or 8.55%. This was foliowed in decreasing
order by the May 10 {1,233 fish, 3.55%), June 19 {890 fish, 2.88%), and April
20 {431 fish, 1.32%) releases, The order of these returns is the same as that
observed in escapement returns.

There were no significant linear corretations between juvenile
weight and adult % returns within any of the releases. Inciusion of a
guadratic term marginally improved the fit for the May 10 release (p=.05)},

giving an r® value of .614 and suggesting stightly higher % returns from small
smolts.

Catech pius escapement
An estimated total of 7,273 adults were recovered in the catch plus
escapement. Highest return for a common release date was for the May 30
release, 3,810 fish or 11.27%. This was followed in decreasing order by the
May 10 (1,626 fish, 4.68%), June 19 {1,238 fish, 3.60%) and April 20 (599
fish, 1.83%) releases. This order is the same as that observed for the catch
and escanement independently.

'Returns discussed here are for males plus females. Escapement returns
by sex are discussed in a later section; sex observations on catch were not
sufficient to allow separate analyses.



_ There were no significant linear corretations between juvenile
welght and adult % returns within any of the releases (Fig. 1-3). Addition of

a quadratic term did not significantly improve the fit for any release and the
curves shown are lines of best fit anly.

Response surface analysis of adult % returns {catch plus escapement}
s shown in Figure I-4.1 The vertical nature of the contours indicates the
effects of juvenile size are refatively minor, since in ascending the weight
axis on a given date the level of predicted % returns {contour) tends to
remain constant. The contribution of size to the model was statistically
insignificant (p=.27); however, there is some suggestion of slightly higher %
returns from smaller juveniles for earlier releases. Strong effects of time
of release are evident. Initially the % return contours are gquite widely
separated and indicate a gradual increase in % returns with advancing date,
reaching an optimum as indicated by the broken line. This line is almost
vertical and predicts optimum returns of about 12.5% on about day 157 {June §)
regardiess of juveniie weight, at least within the range of weights tested
near this date (approximately 21 to 31 g); caution should be used in

extrapolating bevond this range. Percentage returns decline rapidly beyond
the optimum date.

Jack pius adult returns

Escapement
A total of 2,660 jacks plus adults were recovered in the escapement
to the hatchery. Highest return for a common release date was for the May 30
refease, 1199 fish or 3.55%. This was followed in decreasing order by the May

10 (853 fish, 2.45%), April 20 (321 fish, 0.98%) and June 19 {287 fish, 0.83%)
releases.

There were significant linear correlations between guveni1e weight
and % returns for the May 10 and May 30 releases (Fig. I-5, ré=.589, p<.05 and
rzr,Bﬁlg p<.01, respectively), with higher % returns from iarger juveniles;
neither of these fits was improved significantly by addition of a quadratic
term. Addition of a quadratic term significantly improved the fit for the
Jurie 19 release {p=.05) giving an rZ value of .589 and suggesting slightly
lower % returns from smaller juveniles, The guadratic curve shown for the
April 20 release is a Tine of best fit only.

The juvenile weight to % return relationships for the May 10 and May
30 releases are more similar to the reiationships observed for Jack % returns
(Fig. I-E)2 than to those observed for adult % returns, and reflect the high
Jack production from larger juveniles of these releases.

Catch
Only 8 jacks were estimated to have been taken in the cateh. Jack
plus adult catch was therefore negligibly different from that already

IThe minor effect of size created problems of model instability in trying
to estimate certain parameters. This necessitated the fixing of these
parameters as noted in Appendix Table 2.

ZFigure I-1 includes jack returns to both escapement and ca?ch but
differs negligibly from that for escapement alone, since ceniy B jacks were
estimated to have been taken in the catch.
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described for adults alone.

Catch plus escapement
A total of 8,204 jacks plus adults were recovered. Highest return
for a common release date was for the May 30 release, 4,091 fish or 12.1%.
This was followed in decreasing order by the May 10 {2,090 fish, 6.01%), June
19 (1,277 Tish, 3.71%), and April 20 (755 fish, 2.31%) releases.

There was a significant linear correlation between juvenile weight
and % returns for the May 30 release with higher returns from larger smolts
(Fig. I-6, ré=,719, p<.01); fit was not improved significantly by addition of
a2 quadratic term. There were no significant linear or quadratic relationships
fer the other releases and the lines shown are lines of best fit only.

Response surface analysis of jack plus adult % returns is shown in
Figure I-7. The surface is very similar to that observed for adults alone
{(Fig. I-4), with very slight, statistically insignificant {(p=.21), size
effects but strong time effects.! Returns increase gradually with advancing
date, peak, and then decline sharply. Optimum time of release in this case,
however, 95 day 154-155 (June 3-4) versus 157 for adults alone. As with the
adults alone, the optimum date is essentially the same for any size of
Juvenile, at least within the range of weights tested close to this date.

Incidence of jacks {jacks as a proportion of total returns)

To examine the influence of time and size at release on the
incidence of jacks, jacks {catch plus escapement) as a percentage of total
returns (jacks plus adult, catch plus escapement) was calculated for each
group. Numbers of jacks and adults are given in Tables I-1a to I-1d, the

relationships of % jacks to juvenile weights within each release are shown in
Figure I-8.

For each release there was a significant linear correlation between
% _Jacks and juvenile weight, with higher percentages from larger smolts. The
ré values for the Aprit 20, May 10, May 30, and June 19 releases ars 467,
.768, 916, and .684 respectively; the June 19 correlation is significant at
p<.05, all others are significant at p<.0l. Addition of guadratic terms did
not significantly improve any fit. The relative heights of the regression
1ines show that for juveniles of a given size the percentage of jacks
decreases with later release. For example, the predicted percentages of jacks
in returns from 24 g fish released on each of the 4 dates are: April 20 -
21.7%; May 10 - 17.1%; May 30 - 5.0%; and June 19 - 1.6%.

1as with the adults it was necessary to fix ceirtain parameters to allow
for the minor effects of size., Ses Appendix Tablie 2.






- ?5 .

= 140+ APRIL 20 @

o MAY 10 — === @O -

£ MAY 30  —ommom a AT

3 JUNE 19 ovivinnn o A =T A

] e

Q2.0 T

s IR

+ B

£~ e

o

g 00— &

W

i_~

=

8

o BO-

+

<

Q ~o o a_ .

< 6.0+ Do _ _ _ - R

L

S of

- o]

o 4.0 ~| o] Oo ...........

SO e Lo S

E ® L0 o) o

o ® ©

s 20 AT

L ®

= @

&

i

L

o 0.0 T T T T ¥ T T T ]
16 18 20 22 24 26 28 30 32 34

MEAN WEIGHT OF JUVENILES AT RELEASE {g)

Fig. I-6. 1981 releases. Mean weights of juveniles (sexes combined)
at time of release and total returns of jacks plus adults (sexes
combined, catch plus escapement) as percentages of juveniles released.






-~ 27 -

33 — “
59 !
6.7 -
31 °5.2 ﬁ-?;
s o
29 — 3 . 3.8
w 1.5 9
< §o.3 ‘ 2 9 g
W 5o |23 | 3
4
L 5.3 §3'2
ac ¢6.5 22
[ 5_2 .
— 25
- |88
— .
T #2.3 46.1
O 23
o ]6.0 4.0
= 6.1 123
21
o3|
gl.8
58
19— 1 |
e 120 130 140 150 160 170

DATE OF RELEASE (Julion day )

Fig. 1-7. 1981 releases. Response surface
relationship of returns of jacks plus adults
plus escapement (as percentages of juveniles
mean weight of juveniles at release and time

showing the
in the catch
released} to
of release.

Contours represent estimated returns, individuai points

are the observed values for each dgroup.






- 29 .

35 - ™
APRIL 20 ®
[¥5) MAY IO e -
= MAY 30 ——.— A e
oz JUNE 19 --v-voil 0 -
o
- 30
[}
[
]
<L
=~ .. 25+
O =
= @
&=
@
. o
© 8 20-
42
i ar
O n
< =
=8
Pl -
T i5
[
s
CL. [
10
T
(8]
<T
%) >
X
[
=T
- o
o] T T o~ : = T T T —
IS 8 20 22 24 26 28 30 32 34

MEAN  WEIGHT OF JUVENILES AT RELEASE (g)

Fig. I-8. 1981 releases. Mean weights of juveniles ({(sexes combined)
at time of release and jacks as a percentage of total returns {i.e.
jacks plus adults of both sexes) to the catch plus escapement.






- 31 -

BIOLOGICAL OBSERVATIONS ON ESCAPEMENT RETURNS (INCLUDING PERCENTAGE RETURNS BY
SEX}

Percentage returns of adult males and females

The relationships between juvenile weights and % returns to the
escapement were analyzed separately for males and females for each release.
Returns by sex and juvenile weights by sex can be found in Tables I-1a to
I-1d. No illustrations are presented due to the lack of correlations, thes
only significant correlation being for the April 20 release, with sTightly
higher % returns of males indicated from release of smaller male juveniles
(Tinear fit, r*=.49, p<.05). Addition of guadratic terms did not
significantly improve any fit.

For maies, the highest return for a common release date was for the
May 30 relsase (2.44%), followed in decreasing order by the June 19 (0.78%),
May 10 (0.75%), and April 20 {0.40%) releases. The order for females was
slightly different: May 30 (2.91%), May 10 {1.50%), June 19 (D.63%), and
April 20 {0.61%); this order is the same as was observed for the combined
sexes, presented eariier.

Sex ratios of adylt escapement returns

The sex ratios of the adult escapement returns for each group
{replicates combined) are summarized in the following table. Values in
parentheses include an adjustment for the number of additional adult males
which might have resulted had the jacks {all males) matured as adults.® This
was dene to assess the importance of jacks in explaining the reduced
proportions of males observed in the adult escapement returns relative to
those observed in fthe juveniles at release; tests of these differences in
proportion follow.

Sex
Male & Proportion
Release Size Male Female femaie male
a) Totalled by reliease
April 20 Small 32 { 38) 33 65 (71} 49 (.54}
Medium 13 { 26) 49 62 (75} .21 (.35}
Large 18 { 26) 20 38 ( 46) 47 (.57}
Total 63 { 90) 162 165 (192 .38 (.47

'Estimates of additional adult males were made by subtracting estimated
mortalities for an additional year of ocean residence from the numbers of
jacks recovered for each group; the escapement portions of the resuiting
theoretical numbers of adult males were calculated using the observed catch:
escapement ratios. Mortalities were estimated using instantanecus rates
derived from a Puget Sound study as described by Ricker 19/6.
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May 10 Small 57 ( 70) 97 154  (167) .37 (.42)
Medium 43 { 67) 81 124 (148) .35 {.45)
Large 36 { 65) 73 109 (138) .33 (.47)
Total 136 (202) 251 387  (453) .35 (.45)
May 30 Small 117 (121) 157 274 (278) 43 (.44)
Medium 123 (135) 174 297  (309) 41 (.44)
Large 151 {175) 186 337 (361) .45 {.48)
Tota)l 391 {431) 517 908 (948) 43 (.45)
June 19 Smatl 40 { 41) 36 76 ( 77) .53 (.53)
Medium 55 { 56) 41 96 { 97) .57 {.58)
Large 37 { 40) 33 70 { 73) .53 {.55)
Total 132 (137) 110 242 (247) .55 (.55)
Grand totals 722 (860) 980 1702 {1840) 42 (.47)
b) Totalled by size category
Small 246 (270} 323 569 ( 593) <43 (.46)
Medium 234 (284) 345 579 ( 629) A0 {.45)
Large 242 (306) 312 554 ( 618) .44 {.50}

Comparisons of juvenile and adult sex_ratios {using

unadjusted data)

Heterogeneity G-tests (Sokal and Rohlf 1981) we
comparing the adult escapement sex ratio fo
a juvenile ratio of .4915 (statisticall

section on sex ratio of Jjuveniles).

re conducted
r each release (sizes pooied) with
y common to all releases, see earlier
Tests are summarized below.

Proportion
Release Male Female n male df G P
April 20 63 102 165 .38 1 8. 03%* 005
May 10 136 251 387 35 1 30, Q%% 000
May 30 381 517 808 .43 1 13.52%%% 000
ns
June 19 132 110 242 .55 1 2.82 .083
Total 4 55, 26%%% .000
Sum 722 a0 1702 .42  Pooled 1 30.098%*xx 000
Heterogeneity 3 24, 28%*% 000

For the pooled population and 3 of the 4 releases the proportion of males was
significantly lower in the adult escapement than in the Juveniies at release.

The significant G for heterogeneity indicates differences among the adult

ratios for the various releases.
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3imilar tests were conducted comparing the adult sex ratio for each
size category with the juvenile ratio for the same category. Large and medium
category adult ratios (releases pooled) were compared with a juvenile estimate
of .4848 male. This ratioc was common to both these sizes of juveniie. The
sex ratio of small category adults was tested separately against the
statistically distinct ratio of .4627 male observed for small juveniles

{G-statistic, 2-waytest of independence, Sokal and Rohlf 1981}. Results are
given below,

&) Medium and large category fish,

Proportion

Size Male Female n male df G o
Medium 234 345 579 .40 1 15.20%%% .000
Large 242 312 854 .44 1 5.12% 024
Total 2 20,32%%x% .000
Sum 478 657 1133 A2 Fooled 1 1G,08%*x .000
Heterogeneity 1 i.24ns . 256
b) Small category fish
Proportion
Stage HMale Female ! mate
Smolt 70 662 1232 46
Adult 246 323 569 .43

Sum 316 485 1801

G {adjusted)=1.45, d.f.=1, p=.23 {n.s.)

The propertions of males in both medium and large category adults were
significantiy Yower than in the juveniles but did not differ significantly
from each other. The ratio for small category aduits was not significantly
different from that of the juveniles.

Comparisons of smolf and adult sex ratios with adiustment for jacks
No statistical tests were performed on the adjusted data because of
the guestionable accuracy of the adjustment procedure. However, examination
of the tabie shows the adjusted adult sex ratios are much closer to the
Juveniie ratios than the unadjusted, aithough the male proportions are still
geperally siightly lower.

Size of returning fish {Tables I-2a to 1-2d)1

Jack

i

The average weight of jacks resulting from each release was

2

H

1Length chservations are included in Tables I-2a to I-2d but are not
discussed here.
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inversely related to time of release. These welghts were: April 20 - 0,503
kg; May 10 - 0.449 kg; May 30 - 0.357 kg; and June 19 - 0.791 Kg. Pairwise
t-tests of these welights (all possibie comparisons using Bonferroni
probabilities to adjust for multiple tests, BMDP Statistical Software 1981,

program 7D) showed all to be significantly different from each other at
p<. 001,

The relationship of Jjack weight to male Juvenile weight was examined
for the first three releases, data on jack weights for the fourth release was
not sufficient to permit this, There was some suggestion of slightly heavier
Jacks from Targer Juveniles for each release; however, this relationship was
significant for the second release only (linear correlation, r2=,357, p<.05);
fit was not improved significantly by addition of a quadratic term.)

Adults
As with the jacks, the average weight of male adults was inversely
related to time of rejease. Average weights for each retease were: April 20
- 3.355 kg; May 10 - 3.250 kg; May 30 - 2.49% kg; and June 19 - 1.808 kg.
Pairwise t-tests showed no significant difference between the first and second

release, all other differences were significant at levels ranging from p<.0%
to p<.001,

For female adults the average weights for each release were: April
20 - 3.368 kg; May 10 - 3.458 kg; May 30 - 2.857 kg; June 19 - 2,307 kg. The
average weight for the first release was in this rcase stightly Tower than that
of the second release; average weights for the last three releases were again
inversely related to time of release. Pairwise t-tests showed the first ang
second release did not differ significantly, all other differences were
significant at p<.001.

For the combined sexes the adult weights for each release showed the
same order as that for females, the average weight for the first release being
siightly Tower than that of the second and those for the last three releases
being inversely related to time of release. Average weights were: April 20 -
3.363 kg; May 10 - 3.377 kg; May 30 - 2,699 kg; June 19 - 2.045 kg. Pairwise
t-tests showed the weights for the first and sacond releases did not differ
significantly; all other differences were significant at p<. oot

Average weights for females were greater than those of males in each
release. The average weight of females for the combined releases was 2.677
kg, that of males 2.588 kg. This difference was highly significant {t-test,
p<.001). ‘

The relationships of adult weights to juvenite weights within each
release were also examined, both for the combined sexes and for males and
females separately {using juvenile weight of the combined sexes, male juvenile
weights, and female juvenile weights, respectively). There were no apparent
retationships for the first release (there were too few cbservations on male
adults to permit examination of the male relationship for this release}. For
mates of the second release there was no Tinear correlation: however, addition



- 35

of & gquadratic term significantly improved the fit, giving an rg value of .70
and suggesting stightly heavier male adults from medium sized Juveniles. For
the remaining cases in the second release (combined sexes and females only)
and for all cases in the third and fourth releases there was some suggestion
of heavier adults from larger juveniles. These relationships were significant
for the third {May 30) release only, however, with significant linear
correlations for males (r2 =.4662, p<.05}), females {(r¢ =.6679, p<.01), and the

combined sexes {r¢ =.6035, p<.05}. None of these fits was improved by
addition of a quadratic term.

sample sizes likely affected the ability to demonstrate significant
relationships between juvenile and adult weights, since sample sizes {as well
as aduit returns) were considerably larger for the May 30 releases. The same
is possibly true for the jack relationships, since the only significant

correlation was for the May 10 release, which similarly gave highest returns
and Targest samples.

BIOMASS OF RETURNS ({CATCH PLUS ESCAPEMENT, Table I-3)

Jacks

For a common release date the greatast average biomass (yield of
flesh per 100,000 juvenites released} was for the May 10 release, 600.9 kg.
This was followed in decreasing order by the May 30 (287.5 kg), April 20
(240.1 kao}, and June 19 {33.1 kg) releasss.

The relationships of biomass to juvenile weight (male plus female)
for each release are shown in Figure I-9. For the May 10, May 30, and June 19
releases there were positive linear correlations, Targer juveniles producing
greater biomass (rz =.857, .918, and .694 respectively; p<.01 for all). No
fit was improved significantly by addition of a guadratic term; the guadratic
curve shown for the April 20 release is a line of best fit anly.

Adults {sexes combined)

Greatest average biomass for a common release date was for the May
30 release, 30,239 kg. This was followed in decreasing order by the May 10
(15,751 xa}, June 19 (7,330 kg), and April 20 (6,138 kg) releases.

For the May 30 releases there was a significant positive iinear
correlation between juvenile weight and biomass (Fig. I-10; ré =.617, p<.05);
1L was not improved significantly by addition of a guadratic term. There
ware no significant Tinear or quadratic relatiaonships for the other releases
and the lines shown are Tines of bhest fif only.
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Jacks plius adults

Biomass of jacks plus adults was very similar to that of adults
alone. Greatest average biomass for a common release date was for the May 30
refease, 30,527 kg. This was followed in decreasing order by the May 10
(16,352 kg}, June 19 (7,364 kg), and April 20 (6,378 kg) releases.

The relationships of biomass to juvenile weight for each release
were almest identical fo those for adults alone and are therefore not
t1lustrated. As with the adults the only significant correlation was for the

May 30 retease {linear fit, rZ =.797, p<.05), with greater biomass from larger
smolts.

Response surface analyses

Response surface analysis of adult biomass is shown in Figure I-11.1
The almost vertical nature of the contours reflects the minor effect of
Juvenile size (marginally non-significant; p=.07). Biomass of returns
increasaes gradually with time and reaches a maximum in the region of days 151
te 153 (May 31 to June 2), as shown by the broken line indicating optimum time
of release; this line indicates that the optimum date advances slightly as
juveniie weight increases. It is alsoc suggested that biomass increases with
increasing juvenile size in the region of optimum time for release and a

theoretical optimum time/size combination somewhere beyond the range of the
data is indicated.

The response surface analysis for jack plus adult biomass was almost
fdentical to that for adults alone and the same comments on the effects of
time and size apply; the surface is not illustrated here.

ANALYSIS OF CATCHZ

Year of catch

An estimated 5,587 fish were taken in the combined fisheries (Tables
[-la to I-1d}. OfFf this total, 5,506 were taken as age 1.1 adults in 1982.
Nine age 1.2 adults were caught in 1983; however, all were taken in the sport
fishery and it is possible these were late voluntary returns of fish caught in
1982 (i.e. actually age 1.1). Only 72 fish were caught in 1981, the year of
release; it was estimated that eight of these were maturing jacks, the
remainder immature adults,

1as with some percentage return analyses, it was necessary to fix certain
model parameters to allow Tor the minor effects of size. See Appendix
Table 2.

ZCatch Yigures discussed in this section are observed recoveries expanded
for sampling rate and sportsman awareness, as discussed in MATERIALS AND
METHODS. Thecoretical numbers of aduits projected from estimates of immature
fish caught in 1981 are not included (see MATERIALS AND METHODS, fishery
recoveries in year of release).
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Type of fishery {gear type)

Contributions of the various groups to the 1982 commercial troil,
net, and sport fisheries are given in Table I-4 (the nine adults taken in 1983
are exciuded). Overall, the net fishery took the highest proportion of the

catch {36.1%) followed by the commercial troll (33.4%) and sport fisheries
(30.6%).

Time of release markedly influenced the distribution of the catch
among the gear types. The proportion taken in both the commercial troll and
net fisheries decreased with later release while the spart component increased
from 15.5% to 41.,9%. Size of juveniles also had an infliuence; for all
reteases the proportion taken in the net fishery was considerably higher for
adults from small category juveniles than for adults from medium or large
Juveniles. The differences in distribution among gear types associated with
both time of release and with juvenile size were highly significant {(p<.001}
when tested using 3-way contingency table analysis (time of release x size
category x type of fishery) and Chi-square {Sokal and Rohlf 19813,

Harvest rates

Total adult catch as a percentage of total adult returns for each
group is given in Tables [-la to I-1d, results are summarized in the following
table (replicates combined):

Area of return Catch as a
Juvenile percentage of
Release Size Catch Escapement Total total returns
a) Totalled by release
April 20 Small 173 85 238 72.7
Medium 124 63 187 66.3
Large 123 38 161 76.4
Total 420 166 586 71.7
May 10 Smail 461 154 615 75.0
Medium 373 125 458 74,8
Large 388 110 498 77.9
Total 1222 389 1611 75.9
May 30 Smaill 818 275 1093 74.8
Medium 1014 303 1317 77.0
Largs 1051 339 1390 75.6

Total 2883 | 817 3800 75.8
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June 19 Small 316 21 3587 79.8
Medium 326 96 422 773
Large 348 71 419 83.1
Total 990 248 1238 80.0

Total 5515 1720 7235 76.2

b) Totalled by size category

Combined Small 1768 575 2343 75.5
Medium 1837 587 2424 75.8
Large 1910 558 2468 77.4

To test for differences in catch:escapement ratio, i.e. harvest
rate, the values in the above table were subjected to a 3-way contingency
table analysis (time of release x size category x area of recovery; Sokal and
Rohif 1881}, There were no significant differences in harvest rate associated
with juvenile size, either within releases or overall, There were, however,
significant differences among releases (p<.01). The values in the table
indicate harvest rate was Towest for the first release and highest for the
last, with rates for the two middie releases intermediate and equal to each
other. These differences were tested by comparing: a) releases 2 and 3, b)
release 1 versus 2 and 3 combined, and ¢) release 4 versus 2 and 3 combined.
For these comparisons adjusted significance levels of a' = 017 and af = 0033
were used, corresponding fo experimentwise levels of o = .05 and ¢ = .01
respectively. (This was done to allow for non-orthogonality of the
comparisons, Sokal and Rohlf 1981, p. 242). The rates for releases 2 and 3
did not differ significantlty (p=.58), nor was the rate for release 1
significantly different from 2 and 3 combined {p=.026, close to significance
at a = .05). The rate for release 4 was significantly higher than for 2 and 3
combined {p=.0032, significant at ¢ = .01). Thase tests indicate the
differences are attributable to the high catch for fish of the fourth release
relative to other reieases.

Geographic distribution

The numbers of fish caught in various areas in 1982 for each type of
fishery are shown in Tables I-5, [-6, and I-7 (the estimated nine aduits
recovered in 1983 are excluded). Table I-8 shows results for the combined
fisheries,

In the commercial troll {Table I-5) the iargest number of fish were
caught in the Central area (27.9%). Most of the remainder were divided fairly
gvenly amongst the Georgia Strait, Southwest Vancouver Isiand, and Northwest
Vancouver Island fisheries (22.7%, 22.1%, and 18.2%, respectively). The
Noerthern troll accounted for 1.0%; very small numbers were taken in Alaska,
Washington, and Oregon {(combined total of .9%). The only obvious trend in the
pattern of recoveries was the increase in the proportion taken by the Georgia
Strait fishery associated with later release, from 11.9% to 38.7%. There wereg
no obvious effects associated with size of juvenile.
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Most net-caught fish (Table I-6) were taken in Johnstone Strait
(90.1%). The Juan de Fuca and Washington fisheries each accounted for a small
proportion (3.4% and 3.8%, respectively). The remaining 2.7% were caught
mainly in the Central Coast area with very small numbers taken in Georgia
Strait, South West Vancouver Island, and Alaska. There were no obvious
effects associated with either time of release or size of juvenile.

The majority of the sport-caught fish (Table I-7) were taken in
Georgia Strait (93.5%). A substantial number were taken in the Central Coast
area (4.0%) and Washington (2.1%). Very small numbers were taken in the West
Coast Vancouver Island and Oregon fisheries (0.2% and 0.1%, respectively).
There were no obvious effects associated with size of juvenile; however, fish

from later releases appear to contribute slightly more to the Georgia Strait
catch.

For the combined fisheries (Table I-8) the largest number of fish
were caught in Georgia Strait (36.3%), followed closely by Johnstone Strait
(32.5%). These high proportions are attributable mainly to the large sport
and net catches in each area, respectively. There were no obvious effects of
size of juvenile on distribution; however, there were some pronounced effects
of time of release - with later re1ease the proportions taken in the Central
Coast, Northwest Vancouver Island, and Johnstone Strait areas all show a
gradual decline, associated with th1s is a marked increase in the proportion
taken in Georgia Strait (from 18.1% to 50.8%).
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PART 1I. THE 1983 RELEASE.

MATERIALS AND METHODS

EXPERIMENTAL DESIGN, SIZES AND NUMBERS OF JUVENILES RELEASED

This study consisted of a single release of three sizes of coded
wire tagged 1981 brood juveniles, the objective being to further examine the
effects of juvenile size on returns at maturity. A release date of May 30 was
chosen, this being the date which had given highest returns for the 1980 and
1981 releases. The study was incorporated into a Targer study being conducted
by other investigators® to examine the effects of pond loading density on
Juvenile production and ocean survival. A description of the larger study and
results up to and including release has been published (Fagerlund et al.
18843, The juveniles used for our study came from one of four ponds, of
varying loading density, which made up the larger study. This pond was
selected since its density approximated normal hatchery production density, as
used in the 1980 and 1981 studies. As in the earlier studies, each size group
was made up of three replicates, of approximately 4,000 juveniles each.

The procedures for grading to size and tagging were the same as for
the 1980 and 1981 studies. Samples of tagged fish were collected 5 days
before release to determine lengths, weights and sex. Samples for seawater
adaptabilty tests were also taken. A health evaluation was conducted by the
Diagnostics Services Unit of the Pacific Biological Station on the day of
release. Additional samples were collected near the time of release for
proximate analysis and to determine blood plasma cortiscl levels and
interrenal cell diameters, both of which are indicators of stress.

Estimates of sizes and numbers of juveniles released are given in
Table II-1. Health, seawater adaptabilty, and sex ratios are discussed below;
body composition, interrenal activity, and cortisol Tevels are reported by
Fagerlund et al., (1984},

'U.H.M. Fagerlund and J.R. McBride,
Dept. of Fisheries and Qceans,
Biological Sciences Branch,

West Vancouver Laboratory,
416¢ Marine Drive,

West VYancouver, B.C.
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HEALTH, SEAWATER ADAPTABILITY, AND SEX RATIOS OF JUVENILES

Health

Furunculesis, which had caused two periods of high mortality
(Fageriund et al. 1984}, was present at moderate to high incidence at the time
of release (detected in 1 of the K0 randomly selected live fish sampled). It
was still the major cause of ongoing mortality at the time of release
{detected in 18 of the 20 moribund or freshly dead fish sampied}. No other
bacteria were detected, nor were any parasites or fungi found. Internal
examination revealed no abnermalities, Externally, 19 of the 50 live fish
sampled had clouding of the cornea of one or both eyes; this was not Jjudged
severe encugh to be debilitating. Hematocrit values of the live fish were
normal on average {35-45%) but there were a few exceptions on either side of
this range. Values for the moribund fish were frequently below normal,
characteristic of bacterial infection.

Seawater adaptability

Blood plasma sodium levels were determined in a sample of 24 fish on
May 30, after 24 h exposure to seawater, Average sodium Tevel in a freshwater
control group was 157.8 meg/L (standard error 0.07); that of the exposed fish
was 165.4 meq/L {standard error 1.6}. These results indicate good seawater
adaptability. There was no significant correlation between fork length or
weight and ability to adapt to seawater.

Sex ratios

The numbers of males and females in the release samples are given in
Table II-1. Differences in sex ratios between sizes were examined using the
proportions of males in each replicate as a sin%le observation in a one-way
ANOVA, with pairwise comparisons between sizes. The ratio for small fish was
found to he significantly different from that for medium fish {male
proportions of .43 and .52 respectively, p<.0%). The ratio for large fish

{(male proportion of -46) was not significantly different from that for either
smatl or medium fish.

A Heterogeneity G-test {Sokal and Rohif 1881) was then conducted,
using the pooled replicates for each size category. This was done to examine
for differences from a 50:50 maie to female ratic. This test also included a
further test of differences in ratios among sizes. The ratio for the
population as a whole {all samples pooled, male proportion of .47) was found
to be significantly different from a 50:50 ratio (p<.01). Considering each
size separately (proportions of males for each size are given in the

1This is a test for differences among sex ratios only, it is not a test
of a 50:50 male to female ratio.
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preceeding paragraph), small fish showed a significant predominance of females
{p=.02); the ratios for medium and large fish were not significantly different
from a 50:50 ratio. Sex ratios were not significantiy different among sizes
using this less sensitive test.

In summary, the above tests indicated there was a significantly
higher proportion of females among smali category juveniles.

RECOVERY OF JACKS (AGE 1.0) AND ADULTS (AGES 1.1 AND 1.2)

A1l jacks returning to Quinsam hatchery in the fall of 1983 were
examined for adipose clips and CWT's; it was estimated that hatchery returns
represented approximately 48.6% of the total, i.e. hatchery plus river, jack
escapement (Quinsam hatchery records). All fish recovered were males.
Sampling for hypural length and/or round weight was conducted throughout the
run. In 1984, 80.1% of the adults returning to the hatchery were examined and
sampied; it is estimated this sample constituted 67.1% of the total
escapement. As in the previous studies, the escapement returns presented and
discussed here are for the hatchery only and are therefore conservative. A

similar hatchery recovery program conducted in 1985 did not detect any age 1.2
adults.

Estimates of the numbers taken in the 1883, 1984, and 1985 fisheries
were obtained through the Mark Recovery Program, as described in Part I.
There were no jacks caught (1983) and only one age 1.2 adult (1985).

DATA ANALYSIS AND RELIABILITY

Percentage returns (% returns) and biomass were calculated as in
Part I of this report. Statistical methods are also described there; however,

response surface analysis was nof used, there being only one independent
variable in this case.

RESULTS

Equations for significant regressions are given in Appendix Table 1.



RETURNS OF JACKS AND ADULTS (Table II-2)

Jack returns

Total return of jacks was 47, or 0.13% of the juveniles released.
There were no recoveries in the fishery. There was a significant linear
correlation (p<.0l) between % return and juvenile weight (sexes combined),
lTarger juveniles producing higher returns (Fig. 1I-1}. Addition of a
quadratic term did not significantly improve the fit.

Adult returns (sexes comgined)?®

Escapement
A total of 396 adults was recovered in the hatchery escapement.
This represented 1.11% of fhe juveniles released. Although there was a
suggestion of higher % returns from small category juveniles the correlation
hetween % return and juvenile weight was not statistically significant.

Catch
Total contribution to the combined fisheries was estimated at 1,096
Fish, or 3.08% of the iuveniles released. There was no significant
correlation between juvenile weight and % return although there was some
suggestion of higher % returns from small category fish.

Cateh plus escapement
An estimated total of 1,497 adults were recovered in the catch plus
escapement, or 4.20% of the juveniles released (Fig. I1I-2). As with the catch
and escapement returns individually, there was a suggestion of higher returns
from small category juveniles. However, this correiation was not

statistically significant and the quadratic curve shown is a line of best fit
onty (r®=.59).

Jack pius adult returns

Escapement
A total of 443 jacks plus adults were recovered in the hatchery
escapement, 1.25% of the juveniles reieased. There was no significant
correlation between % return and juvenile weight.

Catch
Mo jacks were taken in the fishery and jack plus adult catch was
therefore the same as that presented above for adults alone.

‘fscapement returns are discussed separately for each sex in a later
saction.






(catch plus escapement )

RETURN OF JACKS

PERCENT

Fig.

0.35+

0.30

.25

0.20

0.15 A

G0~

IT-1.

MEAN WEIGHT OF

1983 releases.

- 53 -

-/-
~
A/' A
e
4% '/
o
e a
e
_/
A 7
7
o
L
L~
e
T T T T T T 1
22 23 24 25 26 27 28

JUVENILES AT RELEASE (g)

Mean weights of juveniles {sexes combined)

at time of release and total returns of jacks {catch plus escapement)
as percentages of juveniles released.






- 55 -

= so- N
fon
)
=
8
N\
§ 5.5 \
& :
g N
= \,
o 50 - a’\
2 -
o N
- N\
- | .
45 N
- N
[ \ A .
<X N '
L 40 - N L
S ‘o s
. ~
™~ .
% ~, & L
-
E 3.5 . e
8|
- A a
!,_...
5 304
tid
[ 4]
[
a
2.5 T T T T T T T T 1 !
i8 i9 20 21 22 23 24 29 26 27 28

MEAN WEIGHT OF JUVENILES AT RELEASE (g}

Fig., 11-2. 1983 releases. Mean weights of juveniles (sexgs combined)
at time of release and total returns of adults (sexes combined, catch
plus escapement) as percentages of juveniles released.






- 57 -

Catch plus escapement
An estimated total of 1,539 jacks plus adults were recovered, 4.33%
of the juveniles released. There was no significant correlation between %
return and juvenile weight, although, as with adults alone, there was a
suggestion of higher returns from small category juveniles.

incidence of jacks (jacks as a proportion of total returns)

Jacks as percentages of total returns (jJack plus adult, catch plus
escapement) were caltculated for each group. Numbers of jacks and adults are
given in Table II-2, the relationship between % jacks and juvenile weight
(male plus female} is_shown in Figure 11-3. There was a highly significant
Tinear correlation (r2=.87, p<.01), with larger juveniles yielding higher
nroportions of jacks. Fit was not improved significantly by addition of a
quadratic term.

BIOLOGICAL OBSERVATIONS ON ESCAPEMENT RETURNS (INCLUDES % RETURNS BY SEX)

Percentage returns of adult males and females

Returns by sex and juvenile weights by sex are given in Table II-2.
There were no significant correlations between % return and juvenile weight
for either sex; however, there was a suggestion of higher returns of females
from small category juveniles. The male return of 235 adults represented
1.42% of the male juveniles released: the female return of 161 aduits
represented 0.85% of the female juveniies.

Sex ratios of adult escapement returns

The proportion of males in the adult hatchery returns was .59, much
higher then the value of .47 ohserved in the juveniles at release. A
Heterogenaity G-test was conducted comparing the adult sex ratios for medium
and large fish with a juvenile estimate of .49 male, common to these two
sizes. The sex ratio of small category adults was tested separately against
the statistically distinct estimate of .43 for small category juveniles, using
a G-statistic 2-way test of independence. The male proportions for medium and
targe category adults were .58 and .63, respectively. Both differed
significantly from the juvenile proportion for these sizes {p=.033 and p=.001,
respectively) but did not differ significantly from each other. The male
propertion for small category adults was .57, also significantly higher than
was observed in juveniles of the same size category (p<.001}.

Sex ratios were also examined after adjustment for the additional
adult males which might have resulted had the observed jacks matured as adults
(see the corresponding section of Part I for details of method). The
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resulting adjusted adult male proportions were: small category, .58; medium

category, .62; large category, .58; combined sizes, .62. Statistical tests
were not done on the adjusted proportions.

Size of returning fish {Table II-3)

There was no significant correlation between weight of jacks in the
escapement and male juvenile weights. ANOVA indicated differences in weight
{among the seven replicates for which there were observations) were
insignificant; the overall average jack weight was 0.299 Kg. For male adults,
female adults, and for the combined sexes there were no significant
corretations between adult weights and weights of juveniles of the same sex.
Separate ANOVA's were done to test differences in adulf weight among all
repiicates for each sex and for the combined sexas:; all differences were
statistically insignificant.

Female adults were considerably heavier than males. Average weight
for males was 1.65 Kg., average weight for femaies was 2.22 Kg. This
difference was highly significant {t-test, p<.001).

BIOMASS OF RETURNS (CATCH PLUS ESCAPEMENT)

Standardized biomass estimates (yield of flesh per 100,000 juveniles
reteased) are given in Table II-4. For jacks there was a highly significant
Tinear correlation between biomass and juvenile weight (male plus female),
jarger juveniles yielding greater biomass (r?=.86, p<.01); fit was not
improved by addition of a quadratic term. Neither adult biomass or jack plus
adult biomass was significantly corretated with juvenite weight.

: Total biomass estimates per 100,000 juveniles released (sizes
pocled) were: Jjacks, 353.7 Kg; adults, 70,153 Kg.; jack plus adult, 70,506
Kg.

ANALYSIS OF CATCH!

Year of catch

An estimated 1,096 fish were taken in the combined fisheries (Tabile
11-2y. 0Of this total, 1,093 were caught as age 1.1 adults in 1984. Three age

'Catch figures are cbserved recoveries expanded for sampling rate and
sportsman awareness; see MATERIALS AND METHCBS in Part I.
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1.2 adults (cne observed recovery) were estimated to have been taken in the
1985 Alaska fishery. No fish were taken in the 1983 fishary {jacks),

Type of fishery {gear type)

Contribution of the various groups to the 1984 commercial trotl,
net, and sport fisheries are shown in Table 1I-5. Overall, the neif fishery
took 22.9% of the catch. The remainder was divided almost evenly between the

commercial troll and sport. There wers no apparent effects of size on
distribution among gear types.

Harvest rates

Catch as a percentage of total returns for each group is given in
Table II-2; resuits are summarized in the following table (replicates pooled).

Area of return Catch as a
Size percentage of
category Catch Escapement Total total returns
Small 451 i6i 12 73.7
Med$um 300 118 418 71.8
Large 345 117 467 74.7
Total 1096 395 1492 73.5

The fregquencies in the above table were tested by Chi-sguare: area
of return (and therefore harvest rate) was found to be independent of size
category {x*=0.98, d.f.=2, p=.61),

Gepgraphic distribution

The numbers of fish caught in various areas in 1984 for each type of
Tishery and for the combined fisheries are given in Table 11-6,°

In the commercial troll the largest number of fish were taken in the
Northwest Vancouver Isiand fishery (36.7%), followed closely by the Central
Coast (30.9%). Other major areas of recovery were Southwest Vancouver Island
{16.6%) and Georgia Strait (14.5%). None were taken in the North Coast,
Alaska, or Oregon; two fish (0.5%) were taken in Washington. The large
majority of net caught fish were taken in Johnstone Strait (92.0%). Low
numbers were taken in the Central Coast, Juan de Fuca, and Washington (3.2%,

*The estimated three fish {1 observed) taken in Alaska were caught in
1885 and are not included here,
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2.4%, and 2.4%, respectively). Almost all sport-caught fish were taken in
Georgia Strait (96.1%); the remainder were taken in the Central coast.

Considering the combined fisheries, 41.8% of the fish were recovered
in Georgia Strait, attributable mainly to the high sports catch. This was
followed by Johnstone Strait (21.0%), attributable entirely to the net
fishery. Equal numbers were taken in the Central Coast and Northwest
Vancouver Island (14.5% for each). A substantial number were taken in
Southwest Vancouver Island (6.6%). None were taken in the North Coast,
Alaska, or Oregon. Small numbers were taken in Juan de Fuca and in Washington
(0.5% and 0.7%, respectively).

5ize had an effect on the geographic distribution of the catch., In
all three fisheries the proportion of the catch taken in the Central Coast
{the most northerly area of recovery, excluding the Alaska recovery in 1985)
tended to increase with increasing size of juvenile. This relationship was
found tc be highly significant when tested in a 3 x 2 Chi-square using the
total catch for each size category divided into Central Coast versus other
areas combined (x*=22.5, d.f.=2, p<.001).
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PART IIl. RESULTS AND DISCUSSION FOR THE COMBINED STUDIES

In this part, the results of the three studies are compared and
censolidated for discussion; studies are referred to by the year in which the
releases were made. Detailed results for the 1980 study are available in
Bilton et al. {1984). Detailed results for the 1981 and 1983 studies are
given in Parts I and II, respectively, of this report.

RETURNS OF JACKS AND ADULTS

in this section returns, unless otherwise indicated, refer to

numbers of fish returning as percentages of juveniles released and are for the
combined catch plus escapement.

Time of release had two major effects which were evident in both
studies involving multiple releases (1980 and 1981): 1) survival was strongly
affected, and 2) the incidence of jacks (i.e. the proportion of jacks in the
total returns} decreased with later release.

The effects of size at release on adult returns were very minor
compared to these of time of release. Juvenile size strongly affected
production of jacks, however - in all studies both the returns of jacks and
the incidence of jacks increased significantly with increasing juvenile size.

Response surface analyses of adult returns for the 1980 and 1981
studies predicted optimum release dates of June 4 and June 6 respectively;
returns increased gradually until these dates and then decreased rapidly. In
both years the contribution of size to the RSA modeis was statistically
insignificant (marginally so in the 1980 study):; however, both suggested
slightly higher returns from smaller fish of earlier releases. The effect of
size was statistically insignificant in the 1983 single release study also,
but higher returns from smaller juveniles were again suggested. Although the
relative differences in adult returns associated with time and size of release
were similar within studies, total returns varied among the studies (i.e.
among brood years). Total aduit returns for the 1980 releases were 4.7%,
compared to 5.4% for the 1981 releases. Total returns for the single May 30
release in 1983 were 4.2%, compared to an average of 10.1% for this release
date in the 1980 and 1581 studies. Data from the 1980 and 1981 studies were
standardized to remove the effects of these brood vear differences and the
standardized data was pooled to give a singie predictive response surface
model; data from the 1983 single reiease was not included since it provided
information on only one independent variable. The standardization procedure
is described below: the standardized returns are of a magnitude which could bhe
expected based on results of the combined studies:



- highest return for & single group (average of 3 replicates for a time/size
combination) in the 1980 study was 9.64% for medium category fish of the
May 30 release.

- highest return in the 1981 study was 11.63% for large category fish of the
May 30 release,

- the average of these two high returns was 10.6%. All data was adjusted
using this value as a high standard (% returns for each replicate in the

1980 study were multiplied by 10.6/9.64; % returns in the 1981 study were
multipiied by 10.6/11.63).

The RSA model obtained using the standardized data is shown in
Figure II1-1. Optimum release date is June 5 (Julian day 158) and is
essentially the same for any size of juvenile (at least within the tested
ranges). Adult returns increase gradually until this date and then drop
sharply. In this model slightly higher returns from smaller juveniles of
earlier releases are strongly indicated and the contribution of size is highly
significant (p<.0001). There is very little apparent effect of size
subsequent to the optimum date. For releases made on the optimum date returns
of approximately 10.4% to 11.2% are predicted for juveniles weighing from 20
to 31 g {the range tested near this date), the higher returns resulting from
smaller juveniles. Slightly higher returns are predicted from release of even
smaller juveniles but it weould be unwise to extrapolate too far beyond the
tested range; predicted return at 14 g, the smallest weight tested in any of
the releases, i5 13.1%. The response surface suggests returns will begin to
increase again at weights above 31 g, however, this region is completely
beyond the tested weight range and again it would be dangerous to
extrapolate. Returns from releases made prior to the optimum date will be
Tower but can be maximized by release of smaller juveniles.

As with the adulf returns, the relative differences in jack returns
associated with time and size were similar within each study but ftotal returns
differed among studies (brood years). While the incidence of jacks increased
with earlier release and larger juvenile size, returns were also dependent on
large differences in combined jack plus adult returns (i.e. overall survival)
associated with time of releases, Highest returns of jacks therefore resulted
from large Jjuveniles released at not the earliest, but at intermediate dates.
Response surface analyses indicated conditions for maximum returns of jacks
fay outside the tested ranges; within tested ranges highest returns were
predicted from release of about 30 g juveniies in the approximate period May 8
{1980 study) to May 13 (1981 study). Eariier or later release or smaller
juveniie size would decrease jack returns.

The effects of time of release on returns of jacks and adults
combined were guite similar to those observed for adults aione; however, the
effect of juvenile size on the incidence of jacks was reflected in higher
combined returns {with & high jack component) from larger juveniles in some
raleases. Because jacks are less desirable than adults, the age composition
of expected returns under various release conditions 1s important. 7o
facilitate examination of expected age compositions the jack refurn data from
the 1980 and 1981 studies was standardized to remove the effects of variabilty






- 67 -

e 1980 RELEASES
& {981 RELEASES

A 327
o|1.97
o
41335
&
< ®|2.57
L
|
= 4 3,08
?.....
<1 »2.52
;......
T
O
L
=
i
e 20 130 140 150 160 170

DATE OF RELEASE (Julion day)

Fig. II1T1-1. 1980 and 1981 releases combined. Response
surface showing the relationship of returns of adults in
the catch plus escapement {as percentages of juveniles
released) to mean weight of juveniles at release and
time of release. Data was adjusted to allow for
differences in total returns between brood years, as
described in the text. Contours represent estimated
returns, individual points are the replicate means of
the adjusted observations (values for individual
replicates were used in the analysis but are not plottied
due to lack of space).
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in total returns among brood years in the same manner as was done for adult
returns: highest jack return for a single group in the 1980 study was 1.96%
(May 30 release, large}; highest return for the 1981 study was 1.88% (May 10,
targe); data for both studies was adjusted using the average of these two
vatues, 1.9%, as a high standard. The RSA model based on the standardized
jack % return data is shown in Figure III-2, superimposed on the adult return
response surface already presented in Figure III-1. Maximum return of jacks
(1.8%) is predicted for release of 31.5 g juveniles on May 13 (day 133).
Decreasing returns with juvenilte sizes greater than this are indicated;
however, this is beyond the tested weight range and 1s likely an artifact of
the model. Using Figure III-2 it is possible to examine the % returns of both
jacks and aduits which could be expected from various time/size release
conditions. Some representative values are tabulated below.

Juvenile weight (g}

Day 14 18 27 728 30
110 Aduit 3.9 2.7 2.1 1.7 1.5
{April 20}  Jack 0.1 0.2 0.4 0.7 1.0
Total 4.0 2.9 2.5 2.4 2.5

120 Adult 5.1 3.8 3.1 2.6 2.4
{April 30}  Jack 0.1 0.3 0.5 0.9 1.4
Total 5.2 4,1 3.6 3.5 3.8

130 Adult 7.1 5.6 4.8 4.3 4.0
(May 10) Jack 0.1 0.3 0.6 1.1 1.7
Total 7.2 5.9 5.4 5.4 5.7

140 Adult 9.9 8.3 7.4 6.9 6.6
(May 20) Jack 0.1 0.3 0.5 1.0 1.6
Total 10.0 8.6 7.9 7.9 8.2

150 Adult 12.86 i1.1 16.2 9.7 9.5
(May 30} Jack 0.0 0.2 G.4 0.7 Iei
Total 12.6 11.3 10.6 10.4 10.86

160 Adult 12.4 11.1 10.4 10.0 10.0
(June 9) Jack 0.0 0.0 0.3 0.4 0.8
Total 12.4 11.1 14.7 10.4 10.6

170 Adult 4.2 3.6 3.3 3.2 3.3
{June 19) Jack 8.0 0.0 0.0 0.1 0.3
Totatl 4.2 3.6 3.3 3.3 3.5

The size effects noted in the adult returns are attributable at
least in part to differences in the incidence of jacks - since the highest
oroportions of jacks occurred in groups of juveniles refeased large and early
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Fig. I11-2. 1980 and 1981 releases combined. Response
suyrface show1ng the relationship of estimated returns
of jacks in the catch plus escapement {as percentages
of juveniles released) to mean weight of juveniles at
release and time of release, superimposed on that for
adult returns {from Fig. I11-1). Data for both
surfaces was adjusted to allow for differences in total
returns between brood vears, as described in the text.






{jacks represented as much as 30% of the total returns in some groupsy, highe,
adult returns might be expected from the smaller juveniles of earlier
releases, as was the case. To examine this more closely the individual %
returns observed for adults were adjusted by adding an estimate of the number
of additional adults which might have resulted had the observed Jacks matured
the following year.l Response surface analyses were then repeated for both
the 1980 and 1981 studies, using the adjusted adult returns. The effect in
both studies was to further reduce the significance of size. In the 1980
study size was of marginal significance in the original mode] {p=.08) and
effects were quite strongly indicated by the surface contours; these effects
were much less evident in the adjusted model and the significance of size
reduced considerably (p=.39). In the 1981 study size effects in the original
model were of considerably less significance than in the 1980 study (p=.27),
but were still weakly indicated by the surface contours: in the adjusted model
there were virtually no indications of size effects in the contours and the
significance of size was reduced to p=.34. For the single rejease in 1983
slightiy higher adult returns from smaller juveniles were again suggested but
were not statistically demonstrated; since returns of jacks were very 1ow
(3.1% of total returns} the adjustment for jacks had almost no effect. These
results suggest juvenile size {at least within the tested ranges) may have had
1ittle direct effect on survival potential, with any size-associated
differences in adulf returns resulting from reduced adult production
associated with high incidences of jacks.

The percentage returns discussed above are for the combined catch
plus escapement. In the case of jacks very few fish were recovered in the
fishery; however, some time and size effects were indicated and were
consistent with those seen in the escapement. In the case of adult returns
time effects were similar in both the catch and escapement for all studies;:
however, size effects differed between catch and escapement in some studies.
in the 1980 study adult returns to the escapement were significantly higher
from smaller juveniles of the first three releases: in the catch and catch
plus escapement this was evident {to a lesser degree) for the second release
only. In the 1981 and 1983 studies size effects were much less evident and
differences between catch and escapement were very minor. The discrepancies
seen in the 1980 study may have resulted from selection by the fishery for
Targer fish; this is discussed in more detail irn a later section dealing with
the fishery. The point to be noted here is that interpretations based on only
fishery, or more importantly, oniy hatchery returns, could be quite
misleading. Green and MacDonald (1987) reached a similar conclusion when they
used log-linear meodels to analyse the effects of various retease conditions on
fishery and hatchery returns of chinook salmon; they also reanalysed Bilton's
Rosewall Creek coho study data (Bilton et al. 1982) using the same technique.

lgstimates of additional adults were made by subtracting estimated
mortalities for a further year of ocean residence from the numbers of jacks
observed, using monthly instantaneous mortality rates derived from a Puget
Sound study as described by Ricker {(1976).



They found "the conditions which maximize returns to the hatchery will not

necessarily be the the same conditions which maximize catches in the
fishery®.

In conclusion, if the objective is to maximize adulf returns there
is a narrow "time window" for release centered at about June § {Juiian day
156); time of release becomes particulariy critical beyond this date and
returns decline rapidiy. Although size at release is of much less importance,
there is some advantage to releasing smaller juveniles {at least within the
tested range of approximately 14 to 30 g}, particularly in earlier releases,
The operative mechanism for this size effect appears to be the increased
incidence of jacking associated with larger juvenile size.

BIOMASS OF RETURNS

An alternative criterion for maximum production would be the amount
of flesh produced, rather than percent returns alone. Analyses of
standardized adult biomass estimates (Kg flesh/100,000 juveniles released)
gave results which did not differ greatly from those observed for % returns,
particularly with regard to juvenile size effects. Biomass data for the 1980
and 1981 studies were standardized and combined to give a singie RSA model, as
was done for jack and adult returns: greatest biomass for a single group in
the 1980 study was 23,064 Kg (May 30 release, medium size category): greatest
biomass for the 1381 study was 33,351 Kg (May 30 release, large category):
data from both studies were adjusted using the average of these two values,
28,207 Kg, as a high standard. The RSA model based on the standardized data
is shown in Figure [I1-3. As with the 1981 aduit biomass model, it was
necessary to fix certain parameters in order to achieve model stability (see
Appendix Table 2}, The surface is quite similar to that for adult returns
(Fig. III-1). Within the tested weight range, maximum adult hiomass of
approximately 30,000 to 31,000 kg per 100,000 juveniles is predicted for
releases in the period June 2 te June 4 (Julian days 151 to 153), the optimum
date increasing slightly with increasing juvenile size. This date is about 3
to 5 days earlier than that for maximum adult returns, refliecting the larger
size of adults from eariier releases. Size effects were highly significant
{p=.0004) and very similar to those observed for adult % returns, with
stightly greater biomass indicated for smaller juveniles, particularly for
geartier releases. The observed tendency for larger juveniles to produce
targer adults is apparently overridden by the higher returns associated with
smailier juvenile size, as discussed above.

Since jacks contributed very 1ittie to total biomass resuits of
analyses of jack plus adult biomass were almost identical to those for adult
Biomass alone, and are not discussed here.
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Fig. III-3. 1980 and 1981 releases combined. Response
surface showing the relationship of adult biomass in
the catch plus escapement (standardized to Kg per
100,000 juveniles released and shown in 1000's of Kg)
to mean weight of juveniles at release and time of
release. Data was adjusted to allow for differences in
total biomass between brood years, as described in the
text. Contours represent estimated returns, individual
points are the replicate means of the adjusted
observations (values for individual replicates were
used in the analysis but are not plotted due to lack of
space}).






THE FISHERY

The geographic distribution of the catch was similar for all
studies, with approximately 90% of the catch occurring in three major areas -
Georgia Strait, Johnstone Strait, and Central Coast/Northwest Vancouver
Island. The catch for each area was largely attributable to a different gear
type; sport, net, and commercial troll, respectively. Time of releass
affected geographic distribution, with fish of later releases showing a less
extended northward range. There were no apparent effects of juvenile size on
geographic distribution in the 1981 study; however, the proportion taken in
the more northern areas increased with increasing juvenile size in the 1980
study and the same effect was suggested in the 1983 study.

The harvest rate on adults was quite consistent between studies,
with the catch making up 79.7%, 76.2%, and 73.5% of the total returns for the
1980, 1981, and 1983 releases, respectively. These rates overestimate
stightly, since the escapement figures used do not include estimates of marked
fish among river spawners or among the few fish not sampled at the hatchery.
If such estimates are included the harvest rate estimates change to 74.6%,
71.0%, and 65%, respectively.’®

Time of release had littie effect on adult harvest rates; the only
apparent effect was in the 1981 study, where the rate was significantly nigher
for fish of the last release. This may relate to the less extended northward
range of fish of later releases {as discussed above) resulting in differential
exposure to various fisheries; however, the same was not seen in the 1980

study, where fish of later releases also showed a less extended northward
range.

In the 15980 study harvest rates were significantly higher for adults
resuiting from large category juveniles for the first three releases; this is
consistent with the significantly higher escapement returns from smaller
Jjuveniles of these releases. In this study there was a pronocunced tendency
for larger juveniles to produce larger adults, thus, selection by the fishery
for large adults is indicated. Selection for larger cohe by commercial troll
and gilinet gears has been previcusily demonstrated by Ricker and Wickett
(1980). Similar juvenile size to adult size relationships were only weakly
indicated in the 1981 study and none were apparent in the 1983 study; this
could explain the lack of juveniie size associated effects on adult harvest
rates in these studies.

The effects of time and size at release on distribution of the adult
catch among gear types were not entirely consistent among studies, although

‘Bilton et al. (1984) reported that the adult escapement figure used in
analysis of the 1980 study represented approximately 59% of the total
escapement. This has since been revisad to 74.8%; the estimate of 78%
reported for jacks has been revised to 76.2%.
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there were some important similarities. While the net fishery portion of the
total catch for each study ranged from 23% - 40%, the remainder was shared
approximately equally between the commercial troll and sport fisheries in all
studies. In the two studies involving muitiple releases this was true for the
tatches attributable to the combined releases for 2ach study but was not
always true for catches attributable to individual releases. In both studies
the sport share (with over 90% caught in Georgia Strait) increased markedly
with later release, from approximately 15-20% of the total catch for the Apri)
20 releases to siightiy over 40% for the June 19 refeases, The later is
equivalent to the Georgia Strait sport fishery contribution observed by
Schubert and Lister {1987) for both cultured and wild Salwein {reek coho, a
more southeriy British Columbia stock which could be expected to contribute

more heavily than Quinsam to the Georgia Strait fishery because of its
geographic location.

The only apparent influence of juvenile size on distribution of the
adutt catch among gear types was in the 1981 study, where the net share was
significantly higher for adults resulting from smaill category Jiuveniles. This
was true for all releases in the study. The reason for this is not readily
apparent. Jne possible explanation might be differences in susceptability to
the varicus gear types related to adult size, since there was a stgnificant
positive correlation between adult size and Juvenile weight in one release in
the study and suggestions of this in two others. If this were true, it is
strange that similar gear type distribution differences were not seen in the
1980 study, where adult size showed a much stronger positive correlation with
Jjuvenile weight. Another possiblity is that differences in geographical
distribution retated to juvenile size may have resulted in differential
exposure to various gear types; however, such size related differences in
geographical distribution, while at least indicated in the other studies, were
not apparent in this study, as discussed earlier.

- Very little information was available on gender of fish in the
catch; however, sex ratios of the escapement returns suggest there may have
been some sex selectivity by the fishery. This is discussed in a later
section dealing with sex ratios.

The most cobvious and consistent feature of the Tishery returns was
the effect of time of release on the distribution of the cateh among gear
types. This suggests the possibility of timing releases to benefit particular
fisheries. For example, if the goal were io increase contribution to the
sport Tishery it might appear reasonable o make later releases. However,
caution is advised - response surface analysis of sport caught aduits for the
1980 study showed the optimum time and size at release for returns to that
fishery were almost identical to those for maximum total returns. The gains
achieved by optimizing for total returns so far ocutweighed the relative
differences in contribution to the various fisheries that sport fishery
returns were maximized as well; later release would in fact decrease sport
fishery returns.
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OTHER OBSERVATIONS

Sex ratios of adults

The sex ratios of adults in the escapement returns were usually
different from those of the Juveniles at the time of release. In the two
multiple release studies the proportions of males in adult escapement returns
were generally lower than in the Juveniles, including the May 30 releases, the
date used in the 1983 single release study. In the 1983 study the opposite
was observed, with a higher proportion of males i1n the aduilt escapement
returns than in the juveniles. The reduction in adult males in the 1980 and
1981 studies can be at Jeast partially explained by the effect of Jacking:
since jacks are all males a high incidence of jacking would reduce the
incidence of adult males, Hager and Noble {1578) also observed decreased
proportions of males in adult coho returns in association with Targer juvenile
size and offer a similar explanation. Examination of theoretical gscapement
returns from the 1980 and 1981 studies, which included an adjustment for the
effect of jacks, supported this explanation; however, other explanations are
required for the high proportions of males in the adult escapement returns in
the 1883 study. These could possibly include selection by the fishery for
females. A small amount of informaticn on gender of the tagged adults
recovered in the fishery was available for the 1883 study and, although not
conclusive, supports this possibiity (no information was available for the
1980 and 1981 studies). A total of 39 tagged aduits Trom the study taken in
the 1984 fishery were sampled for gender; all werz net caught,i Twenty-four
of these {62%) were Temales. Heterogeneity G-tests were conducted comparing
this ratioc to that of the juveniles at release {83% female) as well as to a
50:50 ratio. The ratio observed in the fishery did not differ significantly
from either; however, failure to demonstrate statistical significance is not
surprising with such a small sampie. Fealey {1986} found sex selectivity in
the commercial troll fishery; he found coho females to be significantly more
numerous than males in the 1981 - 1983 British Columbia catches, the overall
average being 54.7% femaie. This proportion decreased from north to south but
was greater than 50% in the areas where most Quinsam study fish were
recovered. Healey's study thus suggests there may well have been selection
for females by the commercial troll fishery, however, information on the
gender of time and size study Tish taken in this fishery was not available to
confirm this, If selection by the fishery for females did occur in the 1983

study it is difficult to understand why 1t was not indicated in the other
studies.

1Eﬁghtaen of the 39 were identified as siene caught, 3 as qillnet caught,
and 18 were from mixed seine/gilinet catches; the majority of those of mixed
origin were likely taken in the Johnstone Strait seine Tishery,
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The influence of ssawater adaptability of juveniles

In the 1980 study, seawater chailenge tests were conducted from late
March until mid-June. Seawater adaptability changed Tittle during the period
of the releases but was sTightly better in the tests performed on April 17 and
May 8. Adaptability was not correlated with fork lengih or weight during the
period of the releases. Response surface analysis of the plasma sodium data
from all tests indicated that adaptability reached a maximum during the third
week of April, near the time of the first retease. Results were similar in
the 1981 study. A1l groups in this study showed good adaptability during the
period of the releases and again, there was no correlation between fork Tength
or weight and ability to adapt to seawater during this time. Response surface
analysis indicated adaptabilty reached a maximum during mid-April, just prior
to the first release. The single test of the juveniles released on May 30,

1983 indicated adaptability was good at the time of release and was not
correlated with fork length or weight.

The results of these studies indicate that differences in return
rate among the four release dates did not result from changes in seawater
adaptability of the smolts. Seawater adaptability peaked near the time of the
first releases (April 20} and then declined stightly over the next two
months. It is noteworthy that adaptabilty peaked about 7 weeks before the
cptimum release date. This is Tkely a result of rearing in spring-fed water,
which is warmer than surface water during the winter. There was no
significant correlation between smolt size and seawater adaptability during

the release period, suggesting that all fish were large enough te undergo the
parr-smolit transformation.

We suggest that use of surface water from Quinsam River for coho
rearing witl delay smolting and thereby bring it closer to the optimum release
date. This should reduce the stress caused by proionged holding of fish in
the hatchery after smolting. Use of the cooler surface water would have the
added benefit of controlling growth, resulting in smaller juveniies and,
subsequently, slightly higher adult returns, as discussed earlier.

The infiuence of juvenile health

The most serious health problem encountered in the Juveniles was
furunculosis. In the 1580 study juveniles of the last release had a very high
incidence of this disease and were in generally very poor condition at the
time of release. Although lowest returns resulted from this refease, the
similarity of the returns in the 1981 study, when furunculosis was not a
preblem, suggests survival was not greatly affected. The second high
incidence of furunculosis was in the single release in 1983, where a moderate
to high incidence was observed in the juveniles. Returns for this release
were abnormally Yow compared to releases on the same date in other studies but
it is difficult to say whether this was disease related. The incidence of
furunculosis in this study was not as high, nor the generai health as poor, as
in the 1980 study. suggesting other factors may haveg been involved.
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GENERAL COMMENTS

A potentially complicating factor in these studies is the
possibitity of biases associated with grading of populations of juveniies to
obtain different size groups. This is discussed in detail by Bilton et al.
{1982a) in their report on the Rosewall Creek study, where grading was also
used. They point out that there is accumulating evidence suggesting
hereditary factors are at least partly involved in determining rate of growth
and age at maturity {Ricker 1972). This suggests the possibility that the
larger juveniles selected from a population are genetically predisposed toward
rapid growth and sarly maturity; in studies where grading is used to achieve
size differences this could result in inflated proportions of jacks in large
category juveniles. While similar in design to the Quinsam studies, the
Rosewall study involved multiple ponds for each of the four releases; the fish
in each pond were graded into three sizes, each of which was tagged
distinctively. Since mean weights for the ponds differed it was possible to
compare the proportions of jacks in the returns from graded size groups in
each reiease with those from ungraded pond populations having similar mean
weights and released at the same time. 1In only one case was the proportion of
jacks in the returns from a graded size group demonstrably different from that
in returns from a pond having a simitar mean weight and fime of release: this
was for Targe fish of the iast release. Apalysis of variance indicated that,
with the exception of this group, information on size category (smaill, medium,
large) did not add significantly to that provided by mean weight alene in
explaining jack returns. A similar anaiysis of variance on adult returns gave
the same result. It was concluded there was little evidence that grading to
stze influenced the returns. However, it was acknowledged that minor
alterations in response surfaces for jack and adult returns might occur, and
growth control was recommended as the preferable method for achieving size
differences in future studies. In the Quinsam studies arowing to size was not
practical and because of the simplified experimental design it was not
possible to examine the data for grading effects, as was done with the
Rosewall data. It must therefore be assumed that if biases due to grading did
ogecur they would have been minor, as was the case at Rosewall.

One chvious effect of grading was the differesnces in sex ratios of
juveniies amongst the graded size groups taken from single populations. In
the Rosewall Creek study there was a pronounced trend toward higher
proportions of males with increasing size categery (Bilton 1978). This was
also observed in the 1881 and 1983 Quinsam studies, but was not observed in
the 19380 study. Both the Rosewall Cresk grading analyses discussed above and
the simitarity of results among the three Quinsam studies {in one of which
Juvenile sex ratio differences were not evident) indicate the influences of
differences in juveniie sex ratios were minor.

In summary, these studies show that quite precise release timing s
required to achieve maximum coho production at Quinsam Halchery, with juveniite
size being of much less importance. While there were differences in tolal
syrvival among brood years, the relative differences in survival assogiated
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with time and size at release were quite similar for each year, indicating the
results obtained should be applicable to future production strategy. However,
Green and Macdonald {1987) caution against extrapelation of results between
years. This is based on an analysis of several vears of return data for
Robertson Creek Hatchery chinocok in which they found interaction between brood
year and other release variables. They did not analyse muitiple vears of coho
returns and it is possible brood year variabilty may be i1ess for this species
but further studies would be required to confirm this. The studies reported
here found differences in survival associated with releasing juveniles at
different fimes and sizes, however, they do not expiain the underlying
mechanisms determining these differences. The observed relationships between
survival and time and size at release were probably the net results of complex
interactions between many variables and it is possible changes in any of these
would alter these relationships. Such variables might include culture
practices {e.g. diet, rearing density, temperature regimes}, genetic factors,
metecrological and oceanographic events affecting food supply in the marine
environment, and possibly many other unrecognized factors. in view of this it
is recommended that similar, perhaps simpler, studies be conducted

pericdically to monitor for pessible changes in the effects of time and size
at release.

It is also important to note that the results obtained at Quinsam do
not appear to be applicable to all sites. For example, in the Rosewall study
maximum adult returns were predicted from release of 25.1 g Juveniles on June
22 {day 173). This date is considerably later than the optimum date of June &
(day 156) determined for Quinsam. No optimum Juvenile size was determined for
Quinsam but adult returns were predicted to increase stightly with decreasing
size in #arlier releases. Preliminary analysis of the first of the Capilano
studies mentioned in the introduction indicates maximum returns from release
of 19 g juveniles on day 154 (June 3); results of the second study differed,
with an optimum date of approximately day 147 {May 27) and no optimum weight
determined. Although weight effects were inconsistent, optimum time for
retease in both Capilano studies is earlier than for Quinsam or Rosewall.

Site specificity thus appears to be a problem - if the optimum conditions
found at Rosewall were applied to Quinsam, adult returns of less than 1% are
predicted, in contrast to a possible maximum of about 12%. It is therefore
recommended that studies be conducted at all sites,
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Table I-3., Standardized biomass estimates {kg per 100,000 smolts released)

for returns of jack and adult coho from smolt releases at Quinsam hatchery in
1981.

Smoits Biomass (kg)

X Jacks

Release Size weight &

date Tag code category {g) Jacks Adults Aduits

April 20 08-18-46 Sm 18.81 i81.9 g215 8397
08-18-49 Sm 20.25 172.6 8633 8805
08-18-52 Sm 19.86 15¢.9 5572 5737
08-18-47 Med 24.06 318.2 5787 6105
08-18-50 Med 23.92 298.2 5229 5528
08-18-53 Med 24.08 217.4 5617 5834
08-18-48 Lg 27.53 215.4 7338 7554
08-18-51 Lg 27.73 234.8 3467 3702
08-18-54 Lg 27.61 362.4 4382 4745
Average 240.1 65138 68378
May 10 08-1B8-585 Sm 23.56 347.8 17884 18331
08-18-59 Sm 21.88 338.3 17685 18033
08-18-62 Sm 22.64 273.6 15832 16108
08-18-58 Med 26.05 631.5 17248 17880
08-18-58 Med 25.91 594.7 140349 14643
0B8-18-61 Med 26.50 630.4 14599 15230
08-18-57 Lg 31.98 833.3 15782 16615
08-18-60 Lg 30.82 988.5 13497 14485
08-18-63 Lg 32.13 770.3 15077 15848
Average 600.9 15751 1683582
May 30 08-18-10 Sm 21.44 98.3 26115 26213
08-18-43 Sm 22.34 72.5 23671 23744
08-18-45 Sm 21.38 97.1 25726 25823
08-18-11 Med 25.18 284.9 31710 31995
08-18-41 Med 25.43 290.9 32226 32816
08-18-44 Med 24.02 269.7 32654 32823
08-1B-12 Lg 29.33 382.2 28833 30325
p8-18-13 Lg 29.25 4832.9 35162 3n646
08-18-42 Lg 29.99 597.6 34957 35555

Average 287.5 30239 30527




Table I-3 (cont'd)
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Smolts Biomass {kg)
X Jacks
Release Size weight &
date Tag code category {g) Jacks Aduits Adults
June 19 08-18-01 Sm 22.35 28.6 8747 8776
08-18-04 Sm 21.95 7.8 5666 5674
08-18-07 Sm 22.02 0.0 5260 5260
08-18-02 Med 26.09 32.7 8405 8438
08-18-05 Med 26.42 0.0 7628 7628
08-18-08 Med 26.43 24.2 5809 5834
08-18-03 Lg 29.30 69.3 8154 8223
08-18-06 Lg 30.97 68.2 6603 6671
08-18-09 Lg 30.81 68.0 9702 9770
Average 33.1 7330 7364




- OF -

Table I-4. Estimated numbers? and percentages of the 1982 catch taken in
the commerciai troll, net, and sport fisheries, for each time and size
category of smolts released from Quinsam hatchery in 1981 (replicates poaled).,

Smolts Type of fishery
Release Size x weight Commercial
date category {a) troil Net Sport Total
April 20 Sm 18,97 Ho 47 106 20 173
% 27.2 61.3 11.6
Med 24.02 Ho 50 44 g 124
% 40,3 35.5 24.2
Ly 27 .62 No 64 44 15 123
% 52.0 35.8 12.2
Pooled 23,87 No 161 184 65 420
% 38.3 48.2 15.5
May 10 Sm 22.74 Ho 155 196 108 459
% 33.8 42.7 23.5
Med 26,15 No 164 121 88 373
% 44,0 32.4 23.6
Lg 31.68 No 147 119 122 388
% 37.8 30.7 31.4
Pooled 26.86 Ho 466 436 318 1220
% 38.2 35.7 26.1
May 30 Sm 21.72 No 2489 335 231 815
% 30.6 41.1 28.4
Med 24.88 No 337 341 336 1014
% 33.2 33.6 33.1
Lg 29.52 No 367 364 320 1051
% 34.9 34,6 30.4
Pooled 25,37 No 953 1040 887 2880
% 33.1 36.1 30.8
June 18 Sm 22.11 No g8 110 108 315
% 31.0 34.8 34.2
Med 26.31 No 64 103 159 326
% 19.6 31.6 48.8
Lg 30.36 No a5 103 146 344
% 27.6 29.9 42.4
Pooled 26,28 No 257 316 413 886
% 26.1 Jz2.0 41.9
Grand total Ho 1837 1586 1683 5506

% 33.4 36.1 0.6
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Table I-4 {cont'd)

Smolts Type of fishery
Release Size X weight Commercial

date category (9) troll Net Sport Total
Totals by Sm No 549 747 467 1763

size category % 31.1 42.4 26.5
Med No 615 609 613 1837

% 33.5 33.2 33.4
Lg No 673 630 603 1806

% 35.3 33.1 31.6

Notes: d0bserved recoveries expanded to reflect sampling effort and
fisherman "awareness", see MATERIALS AND METHODS. Some numbers may
differ slightly from those shown for the individual fisheries {Tables
5, 6, and 7) due to rounding differences.
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Table I-7. Estimated numbers® and percentages of sport fishery caught coho
taken in different fishing areas in 1982, for each time and size category of
smolts released from Quinsam Hatchery in 1981 (replicates pooled).

Smolts Fishing Areab
X
Release Size weight
date category (g9} W c GS Wa Ore Total
April 20 Sm 19.97 No O 4 18 G 0 20
% 0 20.0 80.0 0 0
Med 24,02 No O 0 30 0 0 30
% 0 0 100.0 0 D
Ly 27.62 No 0 4 11 0 0 15
% 0 26.7 73.3 0 0
Pooled 23.87 No O 8 57 0 0 85
% 0 12.3 87.7 0 c
May 10 Sm 22.74 Ne O 8 100 0 0 108
% 0 7.4 92.6 0 0
Med 26.15 No @ 8 71 9 4 88
% 0 1.1 80.7 10,2 O
Lg 31.68 No O 4 114 4 0 122
% 0 3.3 93.4 3.3 0O
Pooled 26.86 No @ 20 285 13 0 318
% 0 6.3 89.6 4.1 0
May 30 Sm 21.72 No O 4 220 7 g 231
% 0 1.7 85.2 3.0 0
Med 24,88 No O 16 315 5 ] 336
% 0 4.8 93.8 1.5 0
Lg 29.52 No O 4 304 10 2 320
% g 1.3 95.0 3.1 .6
Pooled 25.37 Noe O 24 839 22 2 887
% ] 2.7 94.6 2.5 .2
June 19 Sm 22,11 No D 12 96 0 0 108
% 0 11.1 88.9 0 0
Med 26.31 No 4 0 155 0 0 159
% 2.5 0 97.5 0 o
Lg 30.36 No 0O 4 142 0 0 146
% 0 2.7 87.3 0 0
Pooied 26.26 NOo 4 16 343 0 0 413
% 1.0 3.9 95.2 a o
Grand total No 4 68 1574 35 2 1683

% o2 4.0 93.5

g
s

ot
fusad
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Table I-7 {cont'd)}

Smolts Fishing Areab
X
Releasse Size waight
date category {g) W C GS Wa Ore  Totail
Totals by Sm No 0 28 432 7 ¢ 467
size category % 8 6.0 92.5 1.5 0
Med No 4 24 571 14 0 613
% "7 3.9 93.1 2.3 0
Lg No J i6 571 i4 2 603
% 0 2.7 84.7 2.3 .3

A0bserved recoveries expanded to reflect fisherman "awareness". See
MATERIALS AND METHODS.

bFishing area Statistical area
W = West coast Vancouver Island Z21-27

£ = Central 6-12, 30

G

S = Georgia Strait 13-20, 28, 2%
Wa = Washington -
Ore = Oregon -



- 106 -

T 62 148 ozE £ vl T z 18 Vg~ 82l 0 0 %
374 Z 8 8901 £26 8 %% Z g vEZ 1 69c 0 0 o /£°6Z Ppajood
Z 62 143 g ie ® G 0 g 8 29 9°6 0 0 %
1601 2 1€ 68t € 8 0 0 0 74} 59 10t 0 9 oM 2862 £
0 EZ o8 = o 22 T g 8's 09 66t 0 o 4
£101 o £2 168 82 0 2z I g 15 19 191 0 0 oN B8V P
o0 't £°5E 09 0 £72 T 0z 2z T°El 0 0 %
918 0 08 gz 6z 0 &1 1 g 65 81 L01 0 0 N W ws 0F Koy
z 02 162 FARS 0 ¥ z £ 1'8 84 1791 2T 2 %
FrAA) £ T 566 oy 0 {1 Z b &5 9% £61 ST £ W9 pelnd
g 01 £z G 82 o £1 £ G 2L £'8 psT 6'E ® %
8 0 1 szl PIT 0 g T z 82 ZE 85 51 £ ON  BYIE 61
g 0¥ £8z AL 0 0 £ £ v6 e §'£2 0 0 %
1713 £ gt 01 EIT O 0 1 1 8¢ zt 8 0 0 oN 5192 P
0 €1 692 prig=: 0 92 0 z 34 £ 1t 1'11 0 0 4
19y 0 9 21 &1 o Al 0 1 o€ 76 15 0 0 N W U 0T few
0 21 181 8’1 0 0 z z z'9 FARY) ggl OT ¥T %
61F 0 g 14 &% 0 0 I 1 97 Vi 8L ¥ g ON /[8°EZ Dpetood
) 0 1°el 668 0 0 0 g 012 821 LB 0 o0 %
vel 0 G 0z vy 0 0 0 1 74 gt 4 0 0 ON 294 61
0 0 1°CE §°2¢ 4] 0 0 0 0 6% £'6e £'F 0 %
£21 0 0 £ or 0 0 0 0 0 g g o 6 o Z0°% pa
0 82 011 628 0 0 9 0 0 g1 g9t o0 St %
2T 0 g 61 B 0 O 1 0 0 5z 52 0 g ON  /6'BT s 0z 1L
=30l 840 i 59 SC4 A AMN/D AMS/AML S Ml 3 NoY (6) Auobeies eyep osee|dy
Jyblem  ezig
m
SRiows

15800 I58M

ey BuilisLy

(potood seqenyidea) 196T U} AUBUSTRH URSUIND WIS POSER (DY S3[0US QYOS Jo AJofajed BZ)S pue ML yoBa Jo) ‘{3Jods pUe “JaU “LLoN} |Ri2aI0d)
sedky Jpef peulquoD J40) 296T UL SeaUE BULUSLE JUSJBLLP UL USHel UTED LE30% el Jo sebejueoued pue pSjequny pelawilsy "g-l BlGeL



- 107

I 02 GYE VO ¥ 0§ 1 e 0T 59 601 & Z %
061 Z 6E 174 65 8 01 1 3 661 A it &8l A 51
z’ A A S AN 1 g [ 0°e T A 0 %
9e81 £ O 8es s 0z Z 0t £6 43 v6Z 7 c o P
0 E2 §°1¢ g L€ @ 02 T T L9 59 Al 0 € % fioBeyen ezl
5941 0 147 955 ¥we 0 9 2 1 g1l 121 0z o 9 ON ug £q sieol
T A4 £'9e sz 1T 2 T £ vs 19 Ter € A %
9045 g 0z1 6661 81 8 8 g y1 0Ty LEE 2 81 6 W {230} pUeJD
0 9 805 162 0 01 0 7 A I g/ 0 0 %
586 0 9 004 g 0 01 0 17 18 o5 £ 0 0 o 9292 palood
0 21 878 T'w 0 &1 0 0 19 2'€ 06 0 0 %
EVE 0 1 181 ® 0 g G 0 12 it 1€ 0 0 ON 9E0E B1
0 9 568 96 0 0 0 AR SR A 0y 82 0 0 %
92e 0 Z ¥61 6 o0 0 0 1 L £1 6 0 0 oM 1£92 P
0 ¢ 9BE 9IE ¢ 91 0 0 g4 AL L1 0 0 3%
91e 0 0 Gt WL 0 g 0 0 £2 9z LE 0 o oo I wg 61 =unf
{goL 840 e 58 s¢ 4 0 AR G/ AM AMS AN 3 B Y (By AsoBeren elEp aseelsy
ubtak  ezig
m
35000 158M s} LoUS

Rty Builsty

{p,3uco) g1 alugel



- 108 -

‘(so|qe1 KiaUsLi [BMPLALPUL 835) SeiJeust) 4o sadfl JauUl0 Joj
1507 [R4IUS) Jo 312035 elfucen UL paph|sul 80 SPSUR 8S3UT (UOLIEDL LSS BeUe SLu3 Jepun AU ARUSLE 1oy

- uobeun 840
- : uoBU L USEM oM
62 ‘82 ‘02-£1 318415 eibioey )
£1 ‘el JLet3s suClsWor *57
3°0° '8 VB JaALy Jasedy %
174 pand ep uenp 4r
12-52 “0E ‘219 PUE[ST JSANCOUBA }S8MITION/ISR0] (BJUR) AN/O
L2-12 PUBLS] JSANCIUBA J$2MIIN0S/ISSMITICN  AMS/AMI
ye-1é puUR|S] Jaanodues 1SOMIINOS S
L1252 PUREST JBANODURS FSSMITICN JA
of ‘Z1-9 35000 |eJpe] 9
&1 35800 UlJON N
= ofsely ¥
BB |BD13SL3EIS vale mcEmKn

oOHITY (NY STV LW 995 ©,S$SeusJoMe, uwisyiods pue quogte Bul|dies 0e)jes 01 pepuedie S91JSA0ISS PRABSM,

"g-1 2lGRL O} $830UT004



‘Kiaalioedsad “1g° pue G°=D 1B aoUEdijiuBLs 21BD|PUL xx PUR &
"31J8| paMeds S9IBILPUL ~ (JYBLL paMENS SSIRDLPUL +q
‘paLldde ¢£°¢ io ssoi Bej pejewlilsiy

109 -

616 06t 62v 9555¢ iejol
wt 25°92 81 90T 86'v 90°/Z S§ 6yt /8'Sz 18 6I'S E'82 "B CHIT; 09-12-8
+ ALY 891 L6 LE'Y  ¥6°GE 95 L'y EF9Z 143 02 8£'8Z "B S0ty 6G-14-8
wwt 60°G2 LA ¥21  91'v  E£°GZ 99 Z6'E 00°SZ 86 Ev'¥ 04762 67 gL0Y 85-12-8
+ L0782 L1 68 ZETE B9ZZ 137 LO'E  ¥1°Z2 8F 6Vt t1'EE "PON 08/t £5-12-8
+ £6°22 891 5 {8°E  0Q0°EZ iy 00t £1°2¢ 144 iv'y £6°E2 "Pen 41743 95-12-8
+ 84702 E°ET L6 Bi'e 6B870L o¥ 68'2 £6°02 14 042 98°0¢ ‘PN 058t g5-1Z2-8
gt 92°61 991 ig L2’ G561 317 cE'E ¥V UBI 4 11°€  1#'61 ws 810¥ g1-1¢-8
+ 0£°61 E°LT 62T 18°f 62702 £9 B¢ ¥I°02 £9 £87E  L¥T02 s ooy L1-12-8
+ 99761 6°8T #IT  01°€ 19781 £9 B8°Z E¥'61 14 g£t 296l ‘us 200y g1-12-8

{B) 1ubien (g

616 06¥% Gey 956G¢E 1e3o]
+ 00°6ET LS 90T /6°4 GL°6ET S8 69°9 ISZET 16 868 8I°Zvi 61 010v 09-12-8
+ 00°BET £°s L6 LE°L  9E°BET 65 ¥8°L  ¥9°8ET ¥ 12°L 86°/[E1 "B 901y 65-12-8
+ 00" LET 8y ¥ET 18°9 95791 99 09°9 ¥L°GET  BG 95°9  BFrLEl B ELOV 85-1Z-8
+ 00°2ET 1°4 68 ££°9  EOCZET 1% 69°'¢  VETIET  wb 0s'f  E9°2El ‘PeN (174 £5-12-8
z¥ 00" T£T 1°5 16 64°3 O01°2ET /¥ 98’y  FLOET B BE'E8 G9TELTY ‘PO £L0LE 98~12-¢
- 007621 Sty L6 02°s 8¥'8¢1t 9t £9°'9  0£°gel 18 96°9 697841 PIn 0GBE q5~12-8
+ 007621 ¥'s 18 2479 8E'vZl &Y 0L°¢ 06°E21 2¢ 08°9% ET1°S21 “wg glor 81-te-g
- A AR 021 #8°9  9€'92T /9 08'9 ¥6°821 ES g¢"L 68°9¢1 U 000F L1128
+ 06°621 25 PEIT 18°9  $9°6821  E9 £0°9  $2°821 18 P04 v17GET Ly bALN g91-1¢-8

Tuw) 4ibusT (B
qSSBUMINS  UBLDBK (£) u ‘0°s b4 u ‘qrs X U ‘a's X fioberes pases|ed apo3
UOLRLIRA 4O - - - °z)§ yst4 Bey
U121 44800 pabibe;
aipUe ajep 40 "ON

g|euad pue SieN

"3sRa{Rd 4O 8WL} 1 usdel so|dwes wolj dnodf yoee Jdoy sjubrem pue
su3Bus| pajewlise pue (051 Aep URLIND) £R6T "0 AvW uo Ausyoiey wesuind wod) pasesied sal|uasnl oyod pebbe3 jJo sdaqumy  “1-11 219e]

BT



TSOCHLTA OWY STYIM3IW Ui

PROLOSED §2  SSEUBUBMR, YAISIIOH PR 340442 Dul|dies 308|480 0} Pepubd® SOLUBA000. DRAJESCD BUR SJOGEL YTIEY (SLIMA. AISYXIRL JO SIUNCD |BNIDE AR SUGCH JUMsdesd  [SBI08
"SET U} exsely upg (Kishedss T Loj POTRULISe} USt) £ Soph{olg

‘pEIRIIPUL BSIAISI0 SSOIUN PEET 24P SWnlad 1MV

EE'F BES'T 5°E4 &'y ZBFT WOT I 96 19T S€2 D 4 0 Fid 9556 EBS'81 E4§°91 1€30] pUBIg
200y 06y L BE 2ok SVE 860 L1T & v £ &2 D 82 BRI'ZT  B18'9 WSS 1%L
[ T S vl 99t FASSE» A0 S S A - A i T AR )1 o 01 00°fZ f8'SE pEST QW0 180°Z 6E8°T 61 09-12-80
[45 B V41 9L BE 9T 4501 880 9 el £2 w2t O 0 a1 $8°SZ  £¥°SZ RIS QIR METZ 9E/T 61 861280
18'F  £51 £ ZEE GE1 €T &0 2z 80 #2 9%l 8 0 g £6°62  00'SC Q°SZ 0 E0'F B9TYZ SpET1 By 95-12-89
Bt EER g 829 Bl e $0°T BIT BF 69 et 46T 0 ST et Tl EBrs eSS tecd
&y 9ol 9% 127 84l 121 86'0 468 11 92 g1zt 8 o g B2 plZZ L2 (RLE 8T 2T P 571280
i e W t49 Ve sl 8 81t ¥ 12 €2 /T 9 4} 9 e ET'ZZ £6'E2  LME STE'T T P %-12-60
o $2'f 92l 7oL 1zt st 8 60 Lt o0z e 1 0 1 5807 E6'DZ 98'0Z 068°F  SFE'T SH0°C PoM G5-12-80
g
—t e 91 L8l BOG 213 1Sy #1191 B8 I8 ESDT b I v a20°21 a8’y wl's (o
i
S0'S  E02 Pl 005 12 Wl ekl 0 £2 ¢ 090" 2 0 2 SPET PeUBT TeRl BI0'F TER'Z £88'T ug 8I-12-90
£y EL1 £ ey 20 521 8U'T fF e2 2 s 1 0 1 62702 ¢T°02 VR 000 £€T LT us 21-T2-60
w'e 02 Vi £6's  BEZ S8l ST v§ g2 18 sz 1 0 1 1661 £y'81 2961 0% 2122 oeLt us 9T-12-80
7 CON tumsds [P % oy ‘o £ OCON R o 9 0N N oy Et+o & £ &+a [ o drnoub apao Bey
0% .M = - T 43N
{uatedeose S0 yvie)  lewsdmss yoien 12301 JEeceIss  UNiED WL {B) ybiam x pRsSER |9 oo
2 1PeR) % Ww3e) 7 ymen -ade3s3 -
Siinpe g SRR
RIS {swimes ggeY) sxoer S3ious

p(SWimal 5857 pue posT) s3irpy

“SUIMed (2303 o sabejuedded se Saydlen 3(rpe pue pased aJ silaus 4o sefejuedsed se stumad
BB Lwus osly teseaial su woly BuljeniBuio swumed pue (51 Aep welng) £e51 ‘0f Aew vo AUSUDIRy LEsU|M) e pasesias S3ious ouyod pABBEY O SUBGUPM PERENLISE Z-11 @Rl



T mwe /B L7 WSS vSEy T8 B0 T OBEl 120 Soov W €40 €91 681 ECWG TIUTy 2z 29070 6620 4y G99l ET6ER L

- 111 -

91 PUT SIZ 0 wBS O'EF F 0T 207 81 IS £BF 2T EUT E0'Z @ WES £ B 9000 060 01 L8O 07ER Bl o lee
6 W0 E6°T ZOUT U oz WD BT ST WSy oSy £ 90 £5T 61 86'9F vy 0L v§0°0 SIE0 OF #2791 EVIRE BT 651280
¢ B0 @1 97§19 GBS 2z $ID 1/ 9Tz OB § 490 65l 61 98'9s 8By B OO 0 8 6TV GE B ST
FL 890 61 g oy gy | - 807 B WE w7 00 0T S bSP 06 8 10°C SIED B S8 6ER P [UIEE0
£ vl 12 B 08 4 OT bIL s4E 02 BEES 6y E BLG AUt 8T Zae6 99§ 150D wZ0 & I 8T M SlvdD
& s 161 £ B8 SUEr ¢ 90 207 §U BZGy EIM 0L 990 ST ST 9T £ 1 - 0EZ0 1 - gz PM SR
¥2 830 %21 26 8519 E'WEr @ G40 82T 12 BTy OTSP 9T 2y'0 €61 16 oy Ee0b 1 - w0 ¢z e O7LEE L i
5T 850 26°1 % 09'2 ¥R E1 090 07 12 OBy SESr 9 0 es TSI €61 LB O - - 1 - W (-
Pl E90 1 46 002 E®y ¥ TEC T€7 ST 696y 698k 01 /90 19T & Ope EBEW 0 - - 1 - el o eI
TR ¥ oS X v Qs X W @S X uogs x  u o ws % uwoogs Xy g X Kol embe
- - - - - - - - 9zig
(Ex) ubien () \pBua) [eandfy (54) wbaw  (an) y3bus) |mundly (Bx) wbion () wafey 1Ay (By) wBiaM  (uw) nafue) (eandfy
paU| R0 SaXe5 s o spRf
STV
speaedense Layney

¥R5T PUR £G6T B3 U PRLCHRS Sp ARy WRSUL) W) S3OME o Jo Bseelal {05T AW UBLinG) £96T '0F AW B maly Bupieuific shinpe pue spel jo sublok pue sinfuey ebeseny TE-I] Ol



- 112 -

Table II-4. Standardized biomass estimates (kg per 100,000
smolts released) for returns of coho from smolts released
at Quinsam hatchery in 1983,

Smolts Biomass (kg)
X Jacks
Size weight &

Tag code category (g9} Jacks Adults Adults
28-21-16 Sm. 19.51 7.0 11,639 11,646
08-21-17 Sm. 20.29 7.0 8,265 8,272
08-21-18 Sm. 19.45 14.0 8,183 8,207
08-21-55 Med. 20.89 7.6 6,121 6,128
08-21-56 Med. 23.00 47.3 7,910 7,958
08-21-57 Med, 22.68 62.2 7,520 7,582
08-21-58 Lg. 25.33 58.0 5,261 5,319
08-21-59 Lg. 25.94 76.9 6,223 6,299
08-21-860 Lg. 27.06 73.7 6,021 9.095

Total 353.7 70,153 70,506




Table II-5,

Quinsam hatchery on May 30, 1983.

Estimated numbersd and percentages of the 1984 catch taken in
the commercial troll, net, and sport fisheries; for coho smolts released from

Smolts Type of fishery
X
Sqze weight Commarcial
Tag code category {g) troll Net Sport Total
08-21-16 Sm. 18.51 No. 66 31 88 185
% 35.7 16.8 47 .6
08-21~17 Sm. 20.29 No. 59 28 38 125
% 47.2 22.4 30.4
08-21-18 Sm. 18.45 No. 63 44 34 141
% 44,7 31.2 24.1
Total No. 188 103 160 451
% 41.7 22.8 35.5
08-21-55 Med. 20.89 No. 33 23 32 88
% 37.5 26.1 36.4
Med. 23.00 No. 43 14 34 91
% 47.3 15.4 37.4
Med. 22.68 No. 39 36 48 121
% 32.2 29.8 38.0
Total No. 115 73 112 300
% 38.3 24.3 37.3
08-21-58 Lg. 25.33 No. 37 37 29 103
% 35.9 35.9 28.2
08-21-59 Lg. 25.94 No. 54 20 48 122
% 44.3 16.4 39.3
08-21-50 Lg. 27.06 No. 39 17 €1 117
% 33.3 14.5 52.1
Total No. 130 74 138 342
% 38.0 21.6 40.4
Grand Total 433 250 410 1083
39.6 22.9 37.5

d0bserved recoveries expanded to refliect sampling effort and fisherman

"awareness®, see MATERIALS AND METHODS.
those shown in Tables II-2 and 1I-6 due to rounding differences.

Numbers may differ slightly from
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