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ABSTRACT

Frith, H. R. and T.C. Nelson. 1997. Abundance, age, size, sex and coded wire tag
recoveries for chinook salmon escapements of Campbell and Quinsam rivers, 1995.
Can. Manuscr. Rep. Fish. Aquat. Sci. 2411: ix + 59.

Estimates of escapement were derived for the Campbell/Quinsam River system for
1995 using carcass tagging as part of the chinook key stream program. The Petersen
estimate of chinook escapement was 2,445 in 1995 and includes hatchery removals (sales,
broodstock, mortalities) and chinook passed over the hatchery fence. Chinook were
predominantly age-5 for males and females in Campbell River with 53% age-5 for males and
63 % age-5 for females. In the Quinsam River and at the hatchery, males were mostly age-4.
Females were mostly age-5 in the Quinsam River and although females were mostly age-4 at
the hatchery, the proportion that were age-5 was greater than for males. Males were 65%
age-4 in Quinsam River and 66% age-4 at the hatchery, whereas females were 52% age-5 in
Quinsam River and 50% age-5 and 46% age-4 at the hatchery. Females were more abundant
than males at all river locations. Chinook were largest in the Campbell River and smallest at
the Quinsam Hatchery. The average length of females was larger than males at all river
locations.

Estimated escapement of adipose-clipped chinook to the entire system was 157 in
1995. This estimate was further stratified by age, sex, and tag code. The total hatchery
contribution (marked and unmarked) to the escapement was estimated by expanding the
number of observed adipose clips by the adipose-clip mark rate at release. In 1995, the
hatchery contribution was 75.8% and 80.5% for male and female chinook escapements,
respectively. These hatchery contribution estimates were compared with those estimated
using the Mark Recovery Program (Kuhn 1988) method of coded wire tag expansions.
Using the MRP method, the total 1995 hatchery contribution was 67.6% for males and
64.5% for females.

Key words: Campbell, Quinsam, chinook, key stream, escapement, coded wire tags, live
tagging, carcass tagging.



RESUME

Frith, H. R. and T. C. Nelson. 1997. Abundance, age, size, sex and coded wire tag
recoveries for chinook salmon escapements of Campbell and Quinsam rivers, 1995,
Can. Manuscr. Rep. Fish. Aquat. Sci. 2411: ix + 59.

On a établi pour 1995 des estimations des échappées dans le systéme
Campbell/Quinsam reposant sur le marquage des carcasses, dans le cadre du programme des
cours d’eau clés pour le quinnat. L’estimation par la méthode Petersen des échappées de
quinnats €tait de 2445 pour 1995 et incluait les prélevements a 1’écloserie (vente, cheptel
reproducteur, mortalités) et les quinnats qui avaient franchi la cloture de 1’écloserie. Dans la
Campbell, les quinnats males et femelles étaient majoritairement d’age 5 (53 % pour les
males et 65 % pour les femelles). Dans la Quinsam et a I’écloserie, les miles étaient surtout
d’age 4; les femelles de la Quinsam étaient surtout d’age 5 et, méme si celles de 1’écloserie
étaient majoritairement d’age 4, la proportion de spécimens d’age 5 était plus élevée chez
elles que chez les miles. Le pourcentage de miles d’4ge 4 était de 65 % dans la Quinsam et
de 66 % a I’écloserie; pour ce qui est des femelles, dans la Quinsam, 52 % étaient d’4ge
5 et, & I’écloserie, on trouvait 50 % de spécimens d’4ge 4 et 46 % d’4ge 5. A tous les sites
des cours d’eau, les femelles étaient plus abondantes que les méles. C’est dans la Campbell
que les quinnats avaient la plus grande taille et & I’écloserie qu’ils avaient la plus petite. La
longueur moyenne des femelles était supérieure a celle des males pour tous les sites des cours
d’eau.

L’estimation des échappées de quinnats micromarqués était de 157 pour 1995. On a
ensuite ventilé cette estimation par age, par sexe et par code de marque. On a estimé la
contribution totale de 1’écloserie (individus marqués et non marqués) a I’échappée en
appliquant au nombre de marques observées une extension du taux de marquage au licher.
En 1995, la contribution de I’écloserie aux échappées de quinnats méles et femelles était
respectivement de 75,8 % et de 80,5 %. Ces estimations de la contribution de I’écloserie ont
été comparées a celles calculées par la méthode d’extension des micromarques codées du
Programme de récupération des marques (Kuhn, 1988). Selon cette derniére méthode, la
contribution totale de 1’écloserie en 1995 était de 67,6 % pour les miles et de 64,5 % pour
les femelles.

Mots clés: Campbell, Quinsam, quinnat, cours d’eau clés, échappées, micromarques
codées, marquage des vifs, marquage des carcasses.



INTRODUCTION

The chinook salmon of the Campbell/Quinsam River system was selected as one of
the indicator stocks (key streams) for assessing the status of Pacific chinook salmon. The
goal of the Department of Fisheries and Oceans (DFO) management plan for chinook the is
to rebuild chinook stocks to historic levels. The key stream program began in 1984 in
response to objectives set out in the Canada - U.S. Salmon treaty.

The major objectives of the key stream program are:
1. to accurately estimate chinook escapement to key streams;

- 2. to estimate harvest rates and escapement based on coded wire tagged/adipose
clip returns, including estimates of the total escapement of coded wire tags to
the key streams system; and

3. to estimate the contribution of hatchery and natural production to total
escapement.

Chinook escapements to the Campbell River have ranged from 750 to 8,000 since
1947 (Shardlow et al. 1986). Chinook escapement to the Quinsam River was negligible prior
to the opening of Quinsam Hatchery in 1972, but has increased to 1,500 in 1985 and 5,311
in 1988 (Andrew et al. 1988, Bocking et al. 1990). Chinook returns to the Quinsam
Hatchery have also increased from 1,885 in 1986 to 5,412 in 1990 (Bocking 19915). In
recent years, total system adult escapement has declined from a high of 15,538 in 1990 to
2,486 in 1993 (Frith et al. 1992; Frith 1993).

This manuscript report is the ninth in a series describing the escapement monitoring
and biological sampling of chinook salmon in the Campbell/Quinsam River system (Shardlow
et al. 1986; Andrew et al. 1988; Bocking et al. 1990; Bocking 1991b; Frith et al. 1993;
Frith 1993; Frith and Nelson 1994; 1995).

As in previous years, the 1995 escapements of chinook salmon were calculated using
the adjusted Petersen method (Ricker 1975). Carcasses were tagged to produce escapement
estimates for each sex and river and summed to form a total estimate for the in-river
escapement of chinook. The total recovery of chinook salmon at the Quinsam Hatchery was
then added to the in-river escapement estimates to produce an escapement figure for the
Quinsam/Campbell River system.

Potential biases in the Petersen method, carcass tagging method, and method of
stratification are discussed in Frith and Nelson (1994). Assumptions for the methods used
and tests for biases caused by violations of assumptions are described in the methods section.
The results section presents the carcass tagging and recovery data, population estimates, age,
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length, and sex composition, and hatchery contribution estimates from coded wire tag and
adipose clip recovery data. the results of coded wire tagging studies.

To avoid confusion over the definition of the terms tagging and marking, the word
"tagging" in this report refers to operculum tagging of dead mature chinook in the river and
"marking" refers to marking of chinook juveniles with coded wire tags (CWT) and adipose
fin clips (AFC).

STUDY AREA

* " The physical attributes of the Quinsam/Campbell drainage area have been described in
detail by Andrew et al. (1988). The Campbell River originates east of the Vancouver Island
Ranges and flows in an easterly direction for 9 km into Discovery Passage immediately north
of the city of Campbell River, British Columbia (Figure 1). The Quinsam River, a major
tributary of Campbell River, flows for over 30 km in a northerly direction through a series
of small lakes before joining Campbell River approximately 3.8 km upstream from its
mouth.

The drainage area for the Campbell River system is 1,460 km* and for the Quinsam
River system is 265 km? (Andrew et al. 1988). Fish passage in Campbell River is blocked
by natural falls and a hydroelectric dam 5.5 km upstream of the mouth. Approximately
27 km of the Quinsam River is accessible to natural spawning but chinook spawning takes
place primarily in the lower 4 km of the river (Shardlow et al. 1986). Chinook access to the
upper Quinsam River above the counting fence near Quinsam Hatchery was improved in
1988. Spawning channels were constructed in the Lower Channel of the Campbell River in
1995 prior to the spawning season (Figure 1).

Flows in the Campbell River are controlled by the John Hart Generating Station,
located 5.5 km upstream of the mouth (Marshall et al. 1977) and vary from 1.2 m’s™? to
826.0 m’s (mean=96.0 m’s'). Flows on the Quinsam River are not controlled and vary
from 0.9 m’s™! to 21.6 m?! (mean=9.0 m’s!) (Shardlow et al. 1986).

Commercial activity in the Campbell River estuary includes log booming, sawmill
operations, shake mills, a seaplane base at Tyee Spit, and recreational boat moorages
(Andrew et al. 1988). Man-made islands have been constructed in the estuary in an effort to
improve fish habitat (Levings 1986). The lower reaches of the Campbell River have been
modified due to expansion of the Campbell River community (population approximately
18,000) which surrounds the lower 2 km of the river. Access to the Campbell River is
primarily by municipal roads and by Campbell River Road, which runs along the south bank
of the river.
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Mining for coal is conducted in the headwaters of the Quinsam River, and forest
harvesting is conducted throughout the watershed (Andrew et al. 1988). The lower reaches
of the Quinsam River are easily accessed from logging roads. Access to upper reaches can
be more difficult.

The Campbell/Quinsam river system supports five species of Pacific salmon as well
as steelhead trout (Oncorhynchus mykiss) and cutthroat trout (O. clarki). The salmonids, in
order of abundance, are pink, chinook, chum, coho and sockeye salmon (O. gorbuscha, O.
tshawytscha, O. keta, O. kisutch, and O. nerka, respectively). Chinook spawn in Campbell
River upstream of the confluence with the Quinsam River, and in the Quinsam River from
the mouth to the counting fence (Andrew et al. 1988). Each year some chinook salmon
swim through the counting fence to spawn in the upper Quinsam River or are passed over the
fence by hatchery staff. Coho spawn in the Quinsam River, but not in the Campbell River,
and chum and pink salmon that previously spawned in the lower reaches of the Campbell
River now utilize the lower reaches of Quinsam River as well. Chinook begin migration into
the Campbell River in late August and the majority of chinook enter the system
in October. Peak spawning in Campbell River occurs from mid-October to mid-November
(Andrew et al. 1988; Frith and Nelson 1994). Migration of chinook into the Quinsam River
occurs later from late September to late November and is strongly influenced by rainfall.
Spawning is usually completed by late November or early December.

The Quinsam Hatchery is located approximately 3.7 km upstream of the Quinsam
River confluence with the Campbell River. A fence for broodstock collection is located
immediately upstream of the hatchery (Figure 1). Fish distribution and smolt production, as
well as river flows and water quality in the watershed were studied by Blackmun et al.
(1985).

METHODS

Carcass tagging and recovery was conducted from October 20 to November 15 by
Quinsam Hatchery workers. A summary of methods for this study is presented in Table 1
and is described below.
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POPULATION ESTIMATION

Chinook salmon were enumerated using the adjusted Petersen method (Ricker 1975,
p. 78) by tagging spawned-out chinook carcasses and recovering tagged carcasses on
subsequent survey days.

Population Stratification

Carcass Tagging:

Petersen estimates were stratified by sex and river and then summed to obtain an
estimafe of the whole population. By segregating the data into separate population strata,
potential biases due to differential rates of tag application, recovery of carcasses, and tag loss
were avoided (Andrew et al. 1988). Petersen estimates were generated for the Campbell
River and the Quinsam River (below the fence). Additional counts of chinook salmon
returning to the hatchery rack and those fish passing upstream through the Quinsam River
fence were added to the two Petersen estimates to give a total system escapement.

Potential Biases

Carcass Tagging:

Within a stratum, Petersen estimates using carcass tagging are subject to bias if a
number of assumptions are violated (Andrew et al. 1988; Bocking et al. 1990).

Tests used to evaluate bias of the Petersen estimate in this study are also presented
and discussed below. Certain biases caused by methods of tagging, recovery, and age
determination are discussed in subsequent sections.

Assumption 1. Tags are applied in proportion to the available population, the
distribution of recovery effort is proportional to the number of fish
present in each river reach, and tagged fish mix randomly with
untagged fish.

To obtain an accurate Petersen estimate, tags must be applied and recovered in
proportion to the available population. In 1995, carcasses were tagged in situ during
examination. Hatchery workers attempted to tag a consistent proportion of the number of
fish examined during each recovery survey by tagging four of every ten carcasses in 1995. A
higher tag rate was applied when the number of carcasses examined in a day was low. The
proportion of fish tagged ranged from about 22-100% over the study period (Appendix 4 and
5). ;
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A related problem associated with escapement estimates for separate rivers is that
tagged carcasses may stray (washout) between rivers. Apart from passive movement due to
water flow, tagged carcasses are not subject to movement or straying in the same way as live
fish. In 1995 no strays were reported in the Quinsam or Campbell rivers.

Assumption 2. There are no or minimal additional die-offs of spawners after the
conclusion of tagging.

An addition of new carcasses following tagging could cause the Petersen calculations
to overestimate or underestimate the true population depending on how they mixed with
tagged fish. In 1995, tagging continued in sifu in the rivers every 1 to 6 days during the
spawning and die-off period but was terminated on November 15 due to high water. In
previous years tagging and recovery continued until the first week of December.

Assumption 3. There is no tag loss.

" A high incidence of tag loss will cause Petersen calculations to overestimate the true
population. Tag loss was determined by a hole punch in the operculum of all tagged
carcasses. A different number of opercular holes was used to distinguish carcasses tagged in
the Campbell River from carcasses tagged in the Quinsam River. All secondary marks
(opercular punches) were included in the tag recovery data and Petersen estimates.

Assumption 4. All tags are recognized and reported during recovery after the
conclusion of tagging.

In this study, no duplicate pitches were conducted to re-examine carcasses for missed
tags and secondary marks. Therefore, it was not possible to evaluate the validity of this
assumption.

Assumption 5. Recovery efforts are made on the same population that was tagged.

Dead recovery from a population other than the tagged population will cause Petersen
calculations to overestimate the true population. Indicators that tagging and recovery were
conducted on different populations include different age frequency and length frequency
distributions among the two samples. Since tagging occurred concurrently with recovery,
this is an unlikely source of error.

Assumption 6. There is adequate sampling to provide an accurate and precise
population estimate.

A small number of tag recoveries in a stratum will cause Petersen estimates to have
low precision. Petersen estimates are generally more reliable if a high proportion of tagged
fish are recovered in each stratum. In the absence of other sources of bias, the number of
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recoveries required to achieve a 25% accuracy with 95% confidence for populations (10? to
10%) ranges from 25 to 75 (Ricker 1975).

Assumption 7. Tagged carcasses are representative of the population and behave in a
similar manner to untagged carcasses with respect to buoyancy,
visibility, and decomposition.

Tagged carcass recoveries will not be representative of the population if tagged
carcasses do not mix completely with untagged carcasses (see assumption 1), in which case
the Petersen method may overestimate or underestimate the population. The thoroughness of
mixing depends on whether tagged carcasses behave in a similar manner to untagged
carcasses. The assumption of mixing can not be tested with the data available from this
study.

Buoyancy and decomposition may be important factors causing differential behaviour
of tagged and untagged carcasses especially if tagged carcasses become bloated with air
during handling. Differences in tag visibility could cause preferential sampling of tagged
carcasses, and result in an underestimate of the population. An attempt was made to
circumvent this problem by using neutral colours to prevent increased visibility of tagged
carcasses. It is not possible to test the assumption of similar visibility between tagged and
untagged carcasses with the data from this study. The assumption of similar buoyancy and
decomposition of tagged and untagged carcasses could be tested by comparing the tag
recovery rate during dead recovery with the recovery rate at carcass weirs if such data were
available.

Calculations

The adjusted Petersen estimate of each river stratum and sex was calculated as follows
(Chapman’s formula, cited in Ricker 1975, p. 78):

_ G+ ) M, +1)

. 1
&+ M)

where P is the population estimate, C is the total number of fish recovered, M is the total
number of fish tagged, and R is the number of tagged fish recovered and includes fish with
missing tags (secondary marks only). The subscript i is the sex stratum and the subscript r is
the river stratum.

Population estimates for sex and river (carcass tagging only) strata were summed to
obtain a total in-river population estimate:



P-=YY P, )

i=1 r=1
where » is the total number of sex strata and m is the total number of river strata.

Confidence limits for each stratum population estimate were obtained using fiducial

- limits for the Poisson distribution as described by Ricker (1975, p79). The 95% confidence
limits for the total escapement was then determined by assigning equal weights to all strata
and summing the lower and upper confidence limits across strata.

Population estimates were not calculated for jack or stray chinook because no marked
jacks or strays were recovered.

TAGGING

Tagging was conducted in tandem with the dead recovery effort. This enabled the
tagging effort to be spread evenly throughout the recovery period (Appendix 1 and 2).

RECOVERY

Sampling crews that conducted the dead recovery were composed of two to six
workers each day. Table 2 shows the number of person-days spent in dead recovery effort
in each river. Recovery crews were instructed to dead pitch and count all available carcasses
and record and keep all operculum tags. Crews attempted to distribute recovery effort
evenly throughout the study period. Dead chinook were surveyed for recoveries from the
Campbell and Quinsam rivers by three methods:

1. recovery crews searched the banks and shallow reaches of the rivers on foot
and from a boat;

2. a SCUBA diver searched for carcasses in deep pools of lower reaches of the
Campbell and Quinsam rivers;

3. recovery crew snorkel surveyed one of the new spawning channels (Second
Island) in the Campbell River.
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Chinook were also recovered at the Quinsam Hatchery rack and from a floating fence
operated in 2D of the Quinsam River. Due to high water and siltation, few chinook were
observed in the water and the majority of carcass tagging and recovery occurred on the banks
or the rivers.

Each carcass was examined for the presence of an opercular tag and opercular punch
hole(s), and the absence of an adipose fin. Heads were removed from adipose-clipped fish
for sampling of coded wire tags (CWT). Data collected from carcasses are described in the
biological and physical sampling methods section. All carcasses tagged during the recovery
effort were released at the same location as they were tagged. All recaptured tagged
carcasses were cut in half to prevent recounting in future dead pitches.

~ For Petersen mark-recapture estimates, only carcasses recovered after the first day of
tagging were included in the values of C and R. It was assumed that 24 hours were required
between tagging and recapture for sufficient mixing between tagged and untagged carcasses.

Other calculations relating to the dead recovery were as follows:
tagrate = R/ C 3)
where tag rate is an estimate of the proportion of the population that were tagged.

tag recovery rate = R/ M Y

where tag recovery rate is an estimate of the proportion of tagged fish that were later
recaptured.

BIOLOGICAL AND PHYSICAL SAMPLING

Biological sampling during dead recovery included the collection of scales for age
determination, length measurements, sex determination, the recording of the presence of
secondary marks (hole punches in the operculum), and presence of an adipose clip.
Postorbital-hypural length was recorded for 75% of the carcasses (marked and unmarked
fish) recovered in the Campbell River, 68% of the carcasses recovered in the Quinsam
River, and 34% of the chinook recovered alive at the hatchery rack.

Scale samples were taken from the same unmarked fish as length samples. Some
adipose-clipped fish (CWT) were also sampled for age (from CWT decoding) and lengths. A
scraping of scales was placed in a labelled plastic envelope and the individual scales from
each fish were mounted in scale books at the hatchery. Scales were aged at the Department
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of Fisheries and Oceans scale laboratory in Vancouver. Heads were removed from adipose-
clipped fish and saved for CWT extraction and decoding at the coded wire tag dissection
laboratory in Vancouver.

Ages were read only when a portion of the previous annulus was present and scales
were not regenerated. Scales were classified as unreadable if the scales had regenerated
centres, were resorbed, or were mounted upside down. Ages were recorded for fish for
which there were at least two scales that could be read for both marine and freshwater ages.
In this report, only the total age was reported. The aging system follows that described by
Gilbert and Rich (1927).

The age composition determined with the available samples is valid only if age
sampling was random and there was no bias in readability of scales with age. Ages of older
fish afe usually more difficult to read than those of young fish because scales of older fish
usually undergo more resorption and regeneration. The data were examined for this potential
bias using a t-test to compare the mean lengths of known and unknown age males and
females. The dead recovery sample was used to determine the age and length composition of
the population. Because of problems in distinguishing jacks from adult males, age and length
information for jacks was grouped with males.

The population of each age class was then determined by allocating portions of the
Petersen estimate to age classes according to the age composition determined from scale
samples and CWT decoding. The number of jacks was too small to estimate population size
with accuracy and therefore escapement by age was determined for adult males and females
only.

A sex ratio was determined from Petersen estimates for each river. The test for
potential differences in tag loss is described in the tagging methods section. Tag recognition
is not likely to be biased by sex, although it was not possible to test this potential bias with
the data in this study.

CODED WIRE TAGGING AND RECOVERY

Juvenile chinook from the 1989 - 1993 brood years were marked at Quinsam
Hatchery with binary coded wire tags (CWT) described by Jefferts et al. (1963) using
standard methods (Armstrong and Argue 1977). Adipose fins of coded wire tagged juveniles
were clipped prior to the release of these fish.

Estimates of the contribution of hatchery-reared chinook to the total escapement were
calculated following two approaches. The first approach (Method A) applies the AFC
(adipose fin clip) mark rate in recovery (dead pitch) samples to estimate AFC escapement by
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tag code. The second approach (Method B) follows a similar approach where the percentage
of CWT tags in escapement counts by tag code are used for expansion.

Method A

Adipose-clipped fish were enumerated separately for males and females in the
Campbell River, Quinsam River, and Quinsam Hatchery. Quinsam Hatchery recoveries
included fish examined and released upstream of the counting fence. The recovery of
chinook jacks was not included with the adult male recoveries in this analysis. The first step
was to estimate the number of adipose-clipped fish in each stratum (river and sex) from the
observed number of adipose clips:

®

where EAD is the estimated number of adipose clips, OAD is the number of adipose clips
observed, C is the number of fish examined, P is the population estimate, and i and r are
subscripts denoting sex and river location (stratum). The sex-specific population estimates
used here were from the Petersen population estimates for the Campbell and Quinsam Rivers
and from direct counts at the hatchery. Estimates of the number of adipose clips for jack
chinook were not possible because there was no population estimate for jacks.

Given an estimate of the total number of adipose clips for each sex escaping to each
portion of the system, the number of adipose clips for each tag code can be estimated by the
allocation of adipose clips to tag code groups based on their relative frequency in the sample
of decoded tags:

EA D. = EAD ir .ND Ti,r,tc (6)
b Y. NDT,
ir

where fc is a subscript denoted tag code, NDT is the number of successfully decoded tags for
each tag code, and Y NDT is the total number of decoded tags for all tag codes, for each
strata and sex.

This approach of first estimating adipose-clipped fish and then allocating these among
the successfully decoded CWTs assumes that any adipose-clipped fish not decoded contained
a coded wire tag at release. If this assumption is incorrect, the calculation of the number of
hatchery-origin fish using this method would be positively biased. It is possible, especially
in the dead pitch, that some fish identified as hatchery releases by missing adipose fins may
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be fish that have naturally lost their adipose fins through some other means, e.g. carcass
decomposition, or were misidentified. Other potential sources of bias using Method A are
discussed in Bocking (1991b).

The hatchery contribution to each year’s escapement, stratified by river and sex, was
calculated by expanding the estimated number of adipose clips from each tag code group in
proportion to the percentage of juvenile fish possessing an adipose clip at time of release:

EAD, ., -(RC,+RUC,
EHC,,,, = Lric iac ) (7

tc

where EHC is the estimated hatchery contribution, RC is the number of chinook released
with an adipose fin clip for each tag code group (¢c), and RUC is the number of chinook
released without an adipose fin clip for each tag code group (¢c).

These estimates of hatchery contributions, stratified by brood year (¢), river (r), sex
(7)) and tag code (¢c) can then be summed to give the hatchery contribution of all tag codes to
the entire escapement:

j k m n
EHC = z E E E EHCt,r,i,tc (8)

where n is the number of tag codes for a given brood year ¢.

Due to the potentially different ages at maturity of males and females, it is important
that the allocation of adipose-clipped fish to tag codes be carried out separately by sex
whenever possible. In this study, the sex of all fish sampled for CWTs was recorded so that
it was possible to estimate the total escapement of tag codes by sex (males do not include
jacks). Final hatchery contribution estimates were made separately for fish of Quinsam
Hatchery origin.

Method B

In the second approach used to estimate the hatchery contribution, we estimated the
number of successfully decoded CWT chinook in the escapement, stratified by river and sex
using the methods described for the Mark Recovery Program (Kuhn 1988). The primary
difference between this method and Method A is that Method B uses the number of actual
CWTs present in the escapement from which to derive the hatchery contribution, whereas
Method :A uses the number of adipose clips present in the escapement. Method B is
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currently used by DFO to estimate hatchery contributions in commercial and sport chinook
catches.

Estimating the total number of CWT returns from each of the brood years, and for
each tag code, was done as follows.

First, the observed number of CWT recoveries was adjusted to account for "no pin"
(no tag) recoveries:

ADJ, =
K K-(K+LP+NP)

irtc

= OBS, '[1+

where ADJ is the adjusted number of observed CWT fish, OBS is the observed number of
CWT fish, K is the sum of all successfully decoded tags for all tag codes recovered, LP is
the number of lost pin recoveries, ND is the number of no data recoveries, NP is the number
of no pin recoveries, and i, r, and fc are subscripts denoting sex, river, and tag code.

This adjusted number of CWT recoveries was then used to estimate the total number
of CWT returns for each tag code:

EST = AV iy (10)

where EST is the estimated number of CWT recoveries for a single tag code, C is the
number of fish examined, P is the population estimate, and i, r, and #c are subscripts
denoting sex, river, and tag code.

This approach of estimating the number of CWT chinook in the escapement assumes
that any adipose-clipped chinook found without CWTs were never marked. This assumption
is only valid if chinook tagged with a particular tag code did not lose the CWT after release
from the hatchery (i.e. after accounting for tag loss during a retention test). Since 90% of
tag loss occurs within four weeks of tagging (Blankenship 1990), any fish released within this
four-week period are more susceptible to tag loss prior to being recovered in the fishery or
escapement. Violation of the assumption of no tag loss will result in a negative bias in the
hatchery contribution estimates. Other potential sources of bias using Method B are
discussed in Bocking (199150).

The hatchery contribution to each year’s escapement, stratified by river location and
sex, was calculated by expanding the estimated number of CWT fish of each tag code group
in propottion to the percentage of juvenile fish having a CWT at time of release:
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EHCi,r,tc = ES]:.’r’tC ) (I;R;;tc + RUMtc)

Ic

11)

where EHC is the estimated hatchery contribution, RM is the number of chinook released
with CWTs for each tag code group (fc), and RUM is the number of chinook released
without CWTs for each tag code group (¢c).

As for Method A, these estimates of hatchery contribution by tag code were then

summed to give the hatchery contribution of all tag codes to the entire escapement, stratified
by river, sex, and brood year:

j k m n
EHCi,r,t = Z Z Z Z EHCt,r,i,tc (12)

where n is the number of tag codes for a given brood year .

Percent hatchery contributions by sex and age were then calculated using the Petersen
population estimates for adult males and females.

RESULTS

TAGGING

Carcass Tagging

In 1995, 97 chinook carcasses were tagged and released (returned to the river)
between October 24 to November 10 in the Campbell River, and 231 carcasses were tagged
and released from October 20 to November 15 in the Quinsam River (Table 3; Appendices 1
and 2).
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RECOVERY

Surveys to recover carcasses in 1995 began on October 31 in the Campbell River and
on October 25 in the Quinsam River and continued until November 10 and November 15,
respectively (Appendices 3 and 4; Figure 1). On some days, some reaches in each river
were surveyed more frequently than others. The number of carcasses recovered in each area
of the rivers for 1995 are summarized in Appendices 3 and 4.

Sequential daily totals of the number of carcasses recovered, the number of tags
applied, and the number of tags recovered, stratified by river and sex are presented in
Appendices 5 and 6. Note that the total number of fish examined is greater than the number
of fish examined (C) in the Petersen formula because recoveries on or before the first day of
tagging cannot be included.

In 1995, a total of 139 chinook carcasses were examined in the Campbell River (51
males, 88 females, and zero jacks; Table 3). This number included 45 tag recoveries (14
males, 31 females and zero jacks). In the Quinsam River, a total of 378 chinook carcasses
were examined (138 males, 237 females, and three jacks; Table 3). This included 80 tag
recoveries (30 males, 50 females, and zero jacks).

The carcass tag recovery rates in the Campbell River (46.4%) and Quinsam River
(34.6%) in 1995 were significantly different by 11.8% (P < 0.05, x* Zar 1984). The tag
rates were similar for males (70.6%) and females (69.3 %) in Campbell River and for males
(69.6%) and females (56.1%) in Quinsam River (P > 0.05, x?; Zar 1984).

POPULATION ESTIMATES

Carcass Tagging

Petersen escapement estimates, stratified by river and sex, are given in Table 4. In
1995, chinook escapement to the Campbell River and Quinsam River was estimated at 290
and 1055 adults, respectively (Table 4). Sex-specific estimates and 95% confidence limits
for both rivers are also shown in Table 4. The total escapement to the Campbell/Quinsam
River system in 1995, including hatchery rack recoveries, was estimated at 2,445 adults with
95% confidence limits of 2,075 to 3,023 fish.

The proportion of fish amongst sampling location strata was 11.9: 43.1: 46.3
(Campbell:Quinsam:hatchery). These proportions are different from the 15.8: 20.9: 63.3
observed in 1994 and are more similar to previous years averaging 17.9: 42.2: 39.9 for
1989-1991 (Bocking 1991b; Frith et al. 1993). The total number of returns estimated in
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1995 is slightly less than returns in 1994, and is significantly less than the high of 16,698
chinook estimated in 1990 for the Campbell/Quinsam river system (Figure 2).

AGE, LENGTH AND SEX COMPOSITION

Age composition and mean lengths of chinook salmon are presented in Tables 5-7.
All scale-aged fish in the Campbell and Quinsam rivers left the river to rear in the ocean
during their first year of life (termed sub-one in this report). Ages of all Campbell and
Quinsam river chinook returns ranged from 1 to 6 years. The dominant age-group in the
Campbell River was age-5 for both sexes, in the Quinsam River was age-4 for males and
age-5 for females, and at the hatchery was age-4 for both sexes. The proportions of sexes in
the age-4 group ranged from 31.7 to 50.0% for females and from 36.1 to 63.5% for males
in the same river location. In all locations, the number of age-4 and age-5 fish were each
greater than 20% for both sexes, except for Quinsam River and hatchery males where age-5
fish made up less than 20% and age-3 fish were more abundant (Table 9). Age-3 fish
represented greater than 20% for males in Quinsam River but not at the hatchery.

Male and female chinook from Campbell River had larger mean lengths (postorbital-
hypural) than male and female chinook from the Quinsam River (Campbell: male = 783
mm, female = 810 mm; Quinsam: male = 700 mm, female = 787 mm). T-tests were
conducted to compare the mean lengths among sexes and among rivers. Male chinook
carcasses were significantly smaller than female carcasses in Quinsam River (P < 0.001)
and Quinsam Hatchery (P < 0.001) but not in Campbell River (P > 0.05). Female and
male carcasses recovered in the Campbell River were significantly larger than those
recovered in the Quinsam River (P < 0.002) and the Quinsam Hatchery (P < 0.001). Male
and female carcasses recovered in the Quinsam River were larger than chinook recovered at
the hatchery but the difference was only significant for females (P > 0.05).

There was no significant difference between the mean length of unaged and aged (all
ages) chinook for any combination of sex and river stratum (t-test, P > 0.05). Age-length
distributions for chinook returning to the Campbell River, Quinsam River, and Quinsam
Hatchery in 1995 are shown in Table 8 and escapement stratified by age, class and sex is
shown in Table 9. The sex ratio of males (not including jacks)/females was 0.74 in the
Campbell River, 0.70 in the Quinsam River, and 0.95 at the Quinsam Hatchery (Table 9).
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CODED WIRE TAGGING AND RECOVERY

Coded wire tagged (adipose-clipped) juvenile chinook released into the Campbell and
Quinsam rivers from the 1989 to 1992 brood years were captured in the dead recovery
programs in 1995 (Appendix 7 and 8 and Table 11). There were two recoveries in Quinsam
River and nine recoveries in Quinsam Hatchery of adipose-clipped chinook jacks (1993
brood).

The results of coded wire tag returns are presented below for the Campbell and
Quinsam rivers and the Quinsam Hatchery. Information includes the following:

. :1. the raw data and mark rates for the Petéfsen estimates (Appendices 7 and 8);
2. estimates of the total escapement of adipose clips (Table 10);
3. hatchery release information for recovered tag codes (Table 12).
4. the observed and estimated escapement of adipose clips by tag codes, and the

hatchery contribution to the escapement for each tag code (Tables 11 and 13
and Tables 15 to 17); and

5. the estimated hatchery contribution to the escapement by age class (Tables 14
and 18).

In 1995, there were four adipose-clipped chinook recovered in the Campbell River
dead pitch, 23 in the Quinsam River dead pitch and 85 at the hatchery rack not including
jacks (Table 10). The adipose-clip mark rate was highest in the hatchery returns (7.7%) and
lowest in the Campbell River returns (2.9%). The total estimated adipose clips to Campbell
River, Quinsam River, and Quinsam Hatchery were 9, 63, and 85, respectively.

These mark rates at return were tested for significant differences between rivers using

a chi-square test. The mark rates for the Campbell River, Quinsam River, and Quinsam
Hatchery were not significantly different (x?, P > 0.05).

Haichery Contributions - Method A

Results from the decoding of adipose-clipped fish from the Campbell and Quinsam
river dead pitch and returns to Quinsam Hatchery are shown in Table 11. Any CWT fish
recovered in the system which were released from another enhancement facility would be
included in the analysis (but no strays were recovered in 1995). A total of 112 adipose-
clipped fish were recovered in 1995 and of these 101 were successfully decoded.
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The allocations of the total escapement of adipose clips to tag codes recovered in each
portion of the river are shown in Tables 11 and 13. Table 12 lists the number of CWT fish
and adipose-clipped fish released for each tag code (data from MRP database). The
estimated hatchery contributions to the 1995 escapement of chinook to the Campbell River,
Quinsam River, and Quinsam Hatchery were 121, 735, and 1061, respectively (Table 13).

The hatchery contributions to the total escapement of chinook in 1995, by age class is
presented in Table 14. The hatchery contribution to the Campbell River population of
chinook was estimated to be 72.4% for males and 19.0% for females. Contributions to the
in-river Quinsam chinook escapement were 40.5% for males and 90.2% for females and to
the Quinsam Hatchery were >100.0% for males and 88.2% for females.

Ha_t(:h'e"rv Contributions - Method B

The allocations of the total escapement of CWTs to tag codes recovered in each
portion of the river are shown in Tables 15-17. The estimated hatchery contributions to the
1994 escapement of chinook (both males and females) to the Campbell River, Quinsam
River, and Quinsam Hatchery using Method B were 74, 471, and 1066, respectively (Table
17).

The hatchery contribution to the total escapement of chinook in 1995, by age class, is
presented in Table 18. The 1995 hatchery contribution to the Campbell River population of
chinook was estimated to be 35.0% for males and 17.9% for females. Contributions to the
in-river Quinsam chinook escapement were 33.3% for males and 52.9% for females.
Hatchery returns were composed of >100.0% for males and 91.3% for females in the
returns to the hatchery. No strays were reported in 1995.

DISCUSSION AND CONCLUSIONS

POPULATION ESTIMATION

Differences in the abundance of chinook between sexes or river locations can cause
errors in the total estimate of chinook for a river system if estimates are not stratified. In
this study, sex ratio differences occurred in hatchery broodstock, dead recovery, and
Petersen estimates. A greater number of females than males were recovered in the dead
pitch surveys for the Quinsam River, whereas the number of males was greater in the
Campbell River and Quinsam Hatchery. Andrew et al. (1988) found greater numbers of
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females than males in live and dead pitch recoveries in the Quinsam/Campbell system in
1986, as did Shardlow et al. (1986) in 1984-85. In years since 1986, females have
dominated in Campbell and Quinsam rivers but females have dominated in Quinsam Hatchery
(Bocking 1991; Frith, Nass and Nelson 1993). Differences in the number of spawning adult
salmon between sexes is also common in other species. Higher numbers of females than
males have been observed in spawning ground dead pitches for sockeye salmon (Petersen
1954), pink salmon (Ward 1959), and coho salmon (Eames and Hino 1981; Eames et al.
1981). The number of chinook in the Quinsam Hatchery was much greater than Quinsam
and Campbell rivers in 1994 and in recent years, Quinsam River returns have greatly
exceeded Campbell River returns (Bocking 1991; Frith, Nass and Nelson 1993). The
stratification of escapement estimates by sex and river location avoids a known source of
error in the Quinsam/Campbell system and this practice should be continued for future
population estimates.

The degree of mixing of tagged carcasses with the rest of the carcass population may
have been incomplete, particularly in deep pools where carcasses may have settled without
further movement. Bias due to incomplete mixing is usually addressed by conducting tagging
and recovery effort in proportion to the distribution of fish, by frequently moving to different
tagging and recovery sites throughout both operations, and by snorkelling or SCUBA diving
in deeper areas. However, the concentration of silt in the Campbell and Quinsam rivers in
1995 was unusually high and visibility was very poor. Dead pitch recovery and tagging was
restricted mainly to the river banks although SCUBA surveys and snorkel surveys did
successfully recover chinook in some locations. In addition, tagging and recovery effort was
terminated one to three weeks early. Due to less complete sampling than in most years,
incomplete mixing in 1995 would have caused some bias in chinook population estimates in
1995.

AGE, LENGTH AND SEX COMPOSITION

In 1995, chinook escapements to the Campbell and Quinsam rivers were composed
mainly of age-4 and age-5 year old fish with females being slightly older. A similar age
structure has been observed in recent years (Bocking 1991; Frith, Nass and Nelson 1993;
Frith and Nelson 1994; 1995). The ratio of adult males to females, as determined from the
Petersen estimates, was 0.74 in Campbell River and 0.70 in Quinsam River in 1995. The
adult male to female ratio of returns to the Quinsam Hatchery was 1.95 in 1995. No
consistent pattern of sex ratios between river locations has been observed in recent years
(Frith, Nass and Nelson 1993; Frith and Nelson 1994; 1995). The mean length of chinook
in the three river locations have remained similar over the past four years (Frith, Nass and
Nelson 1993; Frith and Nelson 1994; 1995).
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CODED WIRE TAGGING AND RECOVERY

In this study, we used the adipose clip rate in the dead recovery of chinook in the
Quinsam and Campbell rivers and at the hatchery rack to estimate the number of adipose
clips in the escapement (Method A). Sampling for adipose-clipped fish was non-selective
and assumed random at each of these locations. The rate of recovery was 2.9% - 7.7% in
1995.

Estimates of the total hatchery contribution to the Quinsam/Campbell River system for
adult males and females in 1995 were either approximately the same (within 5%) or higher
(6.7% to 107.0%) using Method A (AFC rate) compared to Method B (CWT rate). Method
A produced hatchery contribution estimates ranging from 17.9% to >100.0% (Table 14) and
were similar in range to the 19.0% to >100.0% realized by Method B (Table 18). A
comparison of the hatchery contribution estimates for Methods A and B in 1991, 1992 and
1993 returns to the Quinsam/Campbell River system showed smaller differences between the
two methods where the maximum differences were 18.5%, 7.2% and 12.7% respectively.
The greater maximum difference in total hatchery contribution between the two methods in
1994 (94.8%; Frith and Nelson 1995) and 1995 can be explained by the low number of
adipose clip returns recovered and the greater error associated with smaller sample sizes.

Although we have tried to address as many potential sources of bias as possible in the
estimation of the escapement of CWTs described above, we have not explicitly included the
following factors:

1. Low number of recoveries of adipose clips and decoded CWTs (e.g. 12 CWTs
in the 1989 brood year) may reduce the precision of the estimates; and

2. The sample of heads obtained for the decoding of CWTs may not be a random

sample from the population and may be biased (e.g. size selectivity).

We have not formally estimated the level of precision of the estimates of escapement
by adipose-clipped fish and individual tag codes, as potential sources of bias can render these
misleading. An approximation of the level of precision can be obtained by examining the
number of adipose clips/CWT recoveries on which a given estimate is based. There were
two to 47 adipose clips enumerated for each river stratum (jacks not included) in 1995. The
lower and upper 95% confidence limits for two recoveries (based on a Poisson frequency
distribution) would be 0.24 and 3.57 or -176% and +357% respectively. For 47 recoveries
the lower and upper 95% confidence interval are 34.5 and 61.4 which represents a much
smaller percentage of the number of recoveries at -27% and +31% respectively. These
estimates of precision are conservative because the expansion factors used to estimate the
total number of adipose clips/marks in the escapement are also estimated with error.
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There were differences between the hatchery contributions to each of the Campbell
River, the Quinsam River, and the Quinsam Hatchery within 1995. In general, there was a
higher proportion of hatchery-reared fish in the Quinsam Hatchery than at the two river
locations. In previous years the hatchery contribution to the Quinsam River has been higher
than in the Campbell River but this difference was less in 1995 (Bocking et al. 1990;
Bocking, 1991b; Frith et al. 1993; Frith 1993).

SUMMARY

1. The total escapement for chinook salmon in the Campbell/Quinsam River system
using carcass tagging and hatchery returns was estimated at 2445 in 1995. Estimates
were stratified by river and sex.

2. The age composition of chinook between the Campbell and Quinsam rivers and the
Quinsam Hatchery were similar for males and females with mostly age-4 or age-5
returns. Age-3, Age-4 or Age-5 were ranked second in numbers for some
combinations of sex and river location. Male chinook were predominantly age-4 with
the exception of Campbell River males where the number of age-5 was greatest.
Female chinook were predominantly age-5 with the exception of Quinsam Hatchery
where the number of age-4 was greatest by a small amount.

3. Based on the Petersen estimates and Quinsam Hatchery rack recoveries, females were
more abundant in all river locations.

4.  The mean length of chinook salmon was greatest in the Campbell River, and smallest
in the Quinsam Hatchery returns. Females tended to be significantly larger than
males.

5. The total estimated return of adipose-clipped chinook to the Campbell/Quinsam River

system was 157 fish in 1995.

6. The total estimated hatchery contribution to the chinook escapement, based on adipose
clips (Method A), was 1,918 (78.4%) in 1995. The contribution estimate derived
using the adjusted CWTs recovered (Method B) was slightly lower at 1,612 (65.9%).



23
ACKNOWLEDGEMENTS

The authors sincerely thank Rick Semple and Anita Gurak for reviewing the
manuscript and the Quinsam Hatchery field crews who collected data for this study.

REFERENCES

Andrew, J.H., M. Lightly, and T.M. Webb. 1988. Abundance, age, size, sex and coded
wire tag recoveries for chinook salmon escapements of Campbell and Quinsam rivers,
1985. Can. Man. Rep. Fish. Aquat. Sci. 2007: 46 p.

Armstrong, R.'W. and A.W. Argue. 1977. Trapping and coded wire tagging of wild coho
and chinook juveniles from the Cowichan River system, 1975. Fish. Mar. Serv.,
Tech. Rep. Ser. PAC/T-77-14: 58 p.

Blackmun, G.J. B.V. Lukyn, W.E. Mclean and D. Ewart. 1985. Quinsam watershed
study: 1983. Can. MS Rep. Fish. Aquat. Sci. 1832: ix + 65 p.

Blankenship, H.L. 1990. Effects of time and fish size on coded wire tag loss from chinook
and coho salmon. Proceedings of the First International Symposium on Fish Marking
Techniques. Seattle, Washington. June 1988.

Bocking, R.C. 1991. Abundance, age, size, sex and coded wire tag recoveries for chinook
salmon escapements of Campbell and Quinsam rivers, 1989-90. Can. MS. Rep. Fish.
Aquat. Sci. 2124: 109 p.

Bocking, R.C., K.K. English and T.M. Webb. 1990. Abundance, age, size, sex and coded
wire tag recoveries for chinook salmon escapements of Campbell and Quinsam rivers,
1986-1988. Can. MS. Rep. Fish. Aquat. Sci. 2065: 126 p.

Eames, M. and M. Hino. 1981. A mark-recapture study of an enumerated coho spawning
population. Wash. Dep. Fish. Progr. Rep. 148: 22 p.

Eames, M., I. Quinn, K. Reidinger and D. Harling. 1981. Northern Puget Sound 1976
adult coho and chum tagging studies. Wash. Dep. Fish. Tech. Rep. 64: 217 p.



24

Frith, H.R. and T.C. Nelson. 1994. Abundance, age, size, sex and coded wire tag
recoveries for chinook salmon escapements of Campbell and Quinsam rivers, 1993.
Can. MS. Rep. Fish. Aquat. Sci. 2251: 59 p.

Frith, H.R. and T.C. Nelson. 1995. Abundance, age, size, sex and coded wire tag
recoveries for chinook salmon escapements of Campbell and Quinsam rivers, 1994.
Can. MS. Rep. Fish. Aquat. Sci. 2325: 61 p.

Frith, H.R. 1993. Abundance, age, size, sex and coded wire tag recoveries for chinook
salmon escapements of Campbell and Quinsam rivers, 1992. Can. MS. Rep. Fish.
Aquat. Sci. 2207: 56p.

Frith, H.R., B.L. Nass and T.C. Nelson. 1993. Abuﬁdance, age, size, sex and coded wire
~ " “tag recoveries for chinook salmon escapements of Campbell and Quinsam rivers,
1991. Can. MS. Rep. Fish. Aquat. Sci. 2199: 57 p.

Gilbert, C.H. and W.H. Rich. 1927. Investigations concerning the red salmon runs to the
Karluk River, Alaska. Bull. U.S. Bus. Fish. 43(2): 1-69 (Doc. No 991).

Jefferts, K.B., P.K. Bergman and H.F. Fiscus. 1963. A coded wire tag identification
system for macro-organisms. Nature (London) 198: 460-462.

Kuhn, B.R. 1988. The MRP-Reporter Program: A data extraction and reporting tool for the
Mark Recovery Program Database. Can. Tech. Rep. Fish. Aquat. Sci. 1625: 145p.

Levings, C. 1986. Fish and invertebrate utilization of Campbell River estuary islands.
p- 16-19 In: J. Patterson (ed.) Proceedings of the workshop on habitat improvements,
Whistler, B.C., 8-10 May 1984. Can. Tech. Rep. Fish. Aquat. Sci. 1483.

Marshall, D.E., R.F. Brown, V.D. Chahley and D.G. Demontier. 1977. Preliminary
catalogue of salmon streams and spawning escapements of Statistical Area 13
(Campbell River). Environment Canada. Fish. Mar. Serv. PAC/D-77-1: 176 p.

Petersen, A.E. 1954. The selective action of gillnets on Fraser River sockeye salmon. Int.
Pac. Salmon Fish. Comm. Bull. 5: 101 p.

Ricker, W.E. 1975. Computation and interpretation of biological statistics of fish
populations. Bull. Fish. Res. Board Can. 191: 382 p.

Shardlow, T.F., T. Webb and D.T. Lightly. 1986. Chinook salmon escapement estimation
of the Campbell and Quinsam rivers in 1984: accuracy and precision of
mark/recapture techniques using tagged salmon carcasses. Can. Tech. Rep. Fish.
Aquat. Sci. 1507: 52 p.

e g



25

Ward, F.J. 1959. Character of the migration of pink salmon to Fraser River spawning
grounds in 1957. Int. Pac. Salmon Fish. Comm. Bull. 10: 70 p.

Zar, J.H. 1984. Biostatistical Analysis. 2nd ed. Prentice-Hall, N.Y., USA. 718 p.



26

TABLES



27

Table 1. Summary of methods for the Campbell and Quinsam rivers chinook salmon
enumeration programs, 1995.

Item

Method and Materials

Dead recovery
population estimate

Carcass tagging

Secondary marking (dead)

Recovery of fish

Coded wire tagging (CWT)

Biological and physical

sampling

Petersen estimate,
sum of separate
estimates for
sexes and rivers

Cattle ear tags (a) applied
in situ to carcasses recovered
in river

Two-hole opercular punch
for Campbell and single
hole punch for Quinsam
on left operculum

Foot, SCUBA surveys, rack

Collection of heads from
adipose clipped fish in
dead recovery and at
hatchery rack

Ages from scales and CWT,
sex ratios from sex-specific
population estimates for each
river and at hatchery rack,
postorbital-hypural length

.. (a) Tags were supplied by:

Ketchum Manufacturing Sales Ltd., 396 Berkely Ave., Ottawa, Ontario, K2A 2G6
(Size No. 3,1 1/8 "x 1/4")
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Table 2. Summary of tagging and recovery effort (person-days) for chinook salmon
carcasses in the Campbell and Quinsam rivers, 1995.

Stream Total
River walk Diver person days
Campbell 26.5 2 285

Quinsam 24 0 24

e
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Table 3. Summary of in situ carcass tagging and dead recovery of chinook salmon in Campbell and Quinsam
rivers, 1995.

Category Campbell (2) Quinsam (b) Total

Carcasses tagged:

Males 36 96 132
Females 61 133 194
Jacks 0 2 2
Total 97 231 328
Carcasses examined:
) Males 51 138 189
Females 88 237 325
Jacks 0 3 3
Total 139 378 517
Tags recovered (c):
Males 14 30 44
Females 31 50 81
Jacks 0 0 0
Total 45 80 125
Tag summary: .
Observed tag rate (%) 324 212 242
Tag return rate (%) 46.4 34.6 38.1
Tag loss (%) 2.0 8.8 54

(a) See Appendix 5 for number of carcasses recovered, number of carcasses tagged,
and number of tagged recoveries, by date in Campbell River
(b) See Appendix 6 for number of carcasses recovered, number of carcasses tagged,
and number of tagged recoveries, by date in Quinsam River
(c) Tagged recoveries include all carcasses with opercular punch holes (ie. secondary marks)
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Table 4. Petersen population estimates, confidence limits and enumeration data for chinook salmon escapement in
the Campbell River, Quinsam River, and Quinsam Hatchery based on in situ chinook carcass tagging and
recovery of carcasses, 1995. Confidence limits are determined assuming R is Poisson distributed
(Ricker 1975, p. 343).

River and Item Male Female Jack (h) Total

Campbell River (a)

Number tags applied (d) 36 61 0 97

Number recovered (e) 49 85 0 134

Number of tagged recoveries (f) 14 31 0 45
Petersen estimate 123 167 NA 290 (D)
Lower 95% CL 76 118 NA 194 ()
Upper 95% CL 213. 242 NA 455 (i)

Quinsam River (b, below fence)

Number tags applied (d) 96 133 2 231

Number recovered (e) 138 235 3 376

Number of tagged recoveries (f) 30 50 0 80
Petersen estimate 435 620 NA 1055 (i)
Lower 95% CL 308 473 NA 781 (i)
Upper 95% CL 636 832 NA 1468 (i)

Quinsam Hatchery (c)

Number of fish (g) 539 561 31 - 1131
Total system

Escapement estimate 1097 1348 NA 2445 (@)

Lower 95% CL 922 1152 NA 2075 (i)

Upper 95% CL 1388 1636 NA 3023 (i)

(a) Appendix 5 for no. of carcasses recovered, no. of carcasses tagged, and no. of tagged recoveries, by date
in Campbell River

(b) Appendix 6 for no. of carcasses recovered, no. of carcasses tagged, and no. of tagged recoveries, by date
in Quinsam River

(c) Hatchery recoveries plus fish not available for carcass enumeration including brood stock, fish sold,
fish released above the fence, and mortalities at the fence trap

(d) Total number of fish tagged and operculum hole punched

(e) Total number of fish examined (tagged and untagged recoveries) less number of fish observed on first
day of tagging

(D Total recoveries possessing an operculum punch (secondary mark)

(g) Confidence limits not applicable

(h) Peterson estimates were not calculated for jacks due to low sample size

(i) Totals not including jacks (see (h))

[



31

‘S661 Ul JoAR] [jeqdure) ur paAtasqo atom syoef ou (&)

¥9 [e10],
0l6 0EL 06 078 1 12 0 14 a3e umowyjun
(44 86L 29 018 09 0'001 09 [4 8¢ page je10],
- - 0 §96 I Lt l 0 [ 9
6¥8 L8 Y £€8 8¢ £€9 8¢ (4 9¢ S
8LL 9¢L 9% LSL 61 Lie 61 0 61 14
8901 89¢ LL1 818 [4 £t [4 0 [4 £
SO[BLUS,
LE [eloL,
- - 0 0€8 1 1 I 0  9feumowyupn
878 8¢L SEl £8L 9¢ 0001 9¢ I 133 page [elo,
606 LT3 68 898 61 8'CS 61 0 61 S
8LL 089 88 6CL £l 1'9¢ £l 0 £l 14
§8% sov 8¢S 1394 4 I'ti 4 I € £
(e) sojey
Joddp 1oMO] as (wwr) uesy N juadled (B0l IMD/AVY  peylewup) age
O %56 ; : pue 7
(ww) y33us] [eandAy-{e11q101S0d Xo§ ., |

*(K19A0921 peap woly

pauIWILIap) G661 ‘uouijes joouiyo JaAry [jaqdwe) jo uopsodwos a8y G 9[qe],




32

(papnjoxa ae syoe() Ajuo se[ew }ynpe 10j Jusdiad ur suopngrusip a8e oJe sesoypuated ur sainSig (q)
(ysy pjo 1A 7 om1) Safewl Ylim papn[oul aIe syoer ()

IS1 [e10],
v6L LZL S 19L 1 11 8 € a3e umowyup)
S6L 6LL Ly L8L ovi 0001 ovl 01 o€l pade g0,
$Hg 86L € 1€8 14 6T 4 I £ 9
€18 v6L 184 €08 €L 1'es €L L 99 S
LLL 8SL 6€ 89L 29 9877 9 r4 09 14
- - 0 $6$ ! Lo 1 0 I €
EETCIER
€01 [e10],
09L L69 v 6¢L L L I 9 o8e umouwup
0zL 089 66 00L 96 (0001) 0001 96 ¥ 6 pede [el0],
4% 6LL (472 908 01 (901) o1 01 I 6 S
L 01L 99 LZL 19 (6v9) €9 19 € 8S 12
LEY £86 99 019 X4 v  ove €T 0 X4 €
STh 4 g SLE z 4 z 0 z r4
(e) sofe
Jeddpn I19MO as (wi) usajy N (qQ)us0idd  [EI0L “LMO/AVY  padewu) age
10 %56 A pue
pElN

(wu) yguaf [indAy-{eliqio3sod

“(A13A0031 pEap WOLJ PIUTULIAIEP) 661 ‘UOW(BS Jooulyo JaARy] wesuind) jo uonisodwos a8y *9 9|qe],




33

(papnjoxa a1e syoe() Ajuo sajew 3jnpe Joj Jusosad uy suopnquusip a8e ale sesayuated ur sans1d (q)
‘(08e umowun Jo ¢ pue °z o93e § ‘1 98e {) sojeW YIIM papn[dul aIe syoer ()

(S ¥4 [eio],
9L LTL IS 9L 1€ 1€ 1€ o8e umousjup
69L esL 65 09L ¥81 0001 ¥81 8¢ 991 pede [el0L,

- - 0 118 I S0 I 0 I 9
96L ELL IS ¥8L 38 LSt 8 L1 L9 S
LSL 9€L 1S LyL 6 0'0S 6 0T ZL 14
269 109 19 949 L 8¢ L I 9 £

sa[euIs,]
TLl [elo0L
SYL 609 A LLY 9z 9C 9T o8e umoujury
0L £99 74l ¥89 9p1 (0001) 0001 9p1 ¥s 6 page jel0L

- - 0 826 [ (o) Lo I 0 I 9
06L €L 59 19L 61 (6'c1) o0¢1 61 8 I S
veL 80L 29 12L 16 (6's9) €79 16 62 29 v
6£9 £6S 6S 919 9T (g81) 8L 9z 01 91 €
387 65€ €€ 88¢ S o) v'E S € z 4

- - 174 61T 4 Lt 14 ¥ 0 I

(®) soeIN
Jaddn) 13M07] as (ww) ueay N (Qwaoisd w0l IMO/Qy  padewuf) ade
1D %56 ) piz
AEanco— [eindAy-je1iqlolsod X3S |,

*(A19A0231 3oRI WO PAUIULIAIBP) §66] ‘uouies joourys Awyolel wesuind) jo uonisodwod o8y °Z diqeL




34
Table 8. Age-length distribution of Campbell River, Quinsam River, and Quinsam Hatchery chinook salmon, 1995.

Length Age
class Males Females
Location (mm) 1 2 3 4 5 6 Total unk(a) 2 3 4 5 6  Total unk(a)

Campbell River

250-299 0
300-349 0
350-399 0
400-449 0
450-499 0
500-549 0
550-599 0
600-649 0
650-699 0

_700-749 0
750-799 0
800-849 0
850-899 0
900-949 0
950-999 0

1000-1049 0
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Quinsam River

250-299 0
300-349 0
350-399 0
400-449 0
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(a) Unk = age unknown
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Table 8 (cont). Age-length distribution of Campbell River, Quinsam River, and Quinsam Hatchery chinook salmon, 1995.

Length Age
class Males Females
River (mm) 5 6 Total unk{a) 2 3 4 5 6  Total unk(a)

[
N
W
H

Quinsam Hatchery

150-199 1
200-249 3
250-299 0
300-349 0
350-399 0
400-449 0
450-499 0
500-549 0
550-599 0
600-649 0
0
0
0
0
0
0
0
0
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Mean 219 388 616 721 761 928 684 677 0 646 747 784 811 760 746
SD 24 33 59 62 65 0 124 173 0 61 51 51 0 59 51
N 4 5 26 91 19 1 146 26 0 7 92 84 1 184 31

(a) Unk = age unknown
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Table 9. Petersen estimates, by age, of chinook salmon escapement to the Campbell River, Quinsam River,
Quinsam Hatchery, 1995.

Males (a) Females
Location Age Number (b) Percent (c) Number (b) Percent (c)
Campbell River
3 14 11.1 6 33
4 44 36.1 53 31.7
5 65 52.8 106 63.3
6 0 0.0 3 1.7
Total 123 (d) 100.0 167 (d) 100.0
Quinsam River
3 107 24.5 4 0.7
4 282 64.9 275 443
5 46 10.6 323 52.1
6 0 0.0 18 29
Total 435 (d) 100.0 620 (d) 100.0
Quinsam Hatchery
2 4 0.7 0 0.0
3 101 18.8 21 3.8 .
4 355 65.9 281 50.0
5 75 13.9 256 45.7
6 4 0.7 3 0.5
Total 539 (d) 100.0 561 (d) 100.0

(a) Does not include jacks; see table 4, footnote (h)

(b) Number of fish by age are calculated from the product of the percent age (c) and total adult
escapement (d)

(c) Percentage age distribution from tables 5, 6 and 7

(d) Petersen estimates or Quinsam Hatchery recoveries from Table 4
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Table 10. Estimates of the total escapement of adipose-clipped chinook salmon to the Campbell River, Quinsam

River and Quinsam Hatchery, 1995. The Petersen estimates were derived using the in situ
carcass-tagging method (Method A).

Observed Percentage Total
Sample adipose Mark rate Population  of population estimated
size (a) clips (a) (%) estimate (b) sampled adipose clips
Location Sex A B C=(B/A)x100 D E=(A/D)x100  F=(B/A)xD
Campbell River
Male (c) 51 2 39 123 41.5 5
Female 88 2 23 167 52.7 4
Total 139 4 2.9 290 479 9
Quins;am River (below fence)
Male (c) 138 5 3.6 435 31.7 16
Female 237 18 7.6 620 382 47
Total 375 23 6.1 1055 355 63
Quinsam Hatchery
Male (c) 539 47 8.7 539 100.0 47
Female 561 38 6.8 561 100.0 38
Total 1100 85 7.7 1100 100.0 85

(a) Campbell River data from Appendix 7; Quinsam River data from Appendix 8; Quinsam Hatchery data

from unsummarized rack recovery data base, seven adipose-clipped jacks were observed

(b) From Table 4
(c) Does not include jacks, see Table 4, footnote (i)
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Table 12. CWT release data for hatchery-reared chinook salmon returning to the Campbell River, Quinsam River,
and Quinsam Hatchery, by tag code, 1995.

Brood CwWT Release numbers CWT Days Adipose release status
year code CWT Untagged loss (%) held Clipped Unclipped
1992 180209 24770 322229 0.5 i 24894 322105

181148 23730 207121 02 20 23778 207073

181149 24128 407685 0.4 17 24225 407588

181151 24731 465315 1.7 16 25159 464887

181152 24932 264600 1.1 6 25209 264323

181153 24450 263991 2.7 13 25128 263313

181155 24123 198815 4.8 17 25339 197599

181157 24101 190170 438 20 25316 188955

181158 23382 194822 7.4 21 25251 192953

1991 21328 24770 291356 0.5 12 24894 291232

- .. 21329 24661 598989 0.5 21 24785 598865

21331 24593 526740 C14 21 24942 526391

180415 180415 473762 1.1 20 182422 471755

180416 23951 303114 4.4 15 25053 302012

180417 24967 317856 1.1 15 25245 317578

180418 24864 313407 1.3 13 25191 313080

180419 24709 185742 1.5 15 25085 185366

180420 24952 435566 0.8 16 25153 435365

180421 23760 196364 54 14 25116 195008

180422 24936 226054 0.7 13 25112 225878

1990 20956 26953 189154 0.2 8 27007 189100

20957 26752 430178 0.6 10 26913 430017

20958 26658 205795 0.3 6 26738 205715

20959 25870 203520 0.6 9 26026 203364

21448 26509 496950 0.7 10 26696 496763

21449 26602 332627 0.8 8 26817 332412

21450 26384 331055 0.0 9 26384 331055

21451 26502 320497 0.5 7 26635 320364

26016 27211 588892 0.5 14 27348 588755

T 26017 25911 284261 27 3 26630 283542

26019 26817 502724 0.7 10 27006 502535

1989 26062 24929 291542 0.1 10 24954 194589
Total hatchery 962023 10560893 976453 10449535

(a) no strays were observed in 1995.
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Appendix 1. Operculum tagging of chinook salmon carcasses in Campbell River, 1995.

Capture Tagged
Date area (a) Male Female Jack Total
24-Oct 1A 2 1 . 0 3
24-Oct 1B 0 1 0 1
24-Oct CH 0 0 0 0
26-Oct 1A 1 1 0 2
26-Oct 1B 0 0 0 0
26-Oct CH 3 1 0 4
27-Oct 1A 0 0 0 0
27-Oct 1B 1 2- 0 3
27-Oct CH 0 0 0 0
31-Oct 1A 4 8 0 12
31-Oct 1B 7 6 0 13
31-Oct CH 0 0 0 0
1-Nov 1A 0 0 0 0
1-Nov 1B 0 0 0 0
1-Nov CH 0 8 0 8
2-Nov 1A 0 0 0 0
2-Nov 1B 0 0 0 0
2-Nov CH 6 10 0 16
3-Nov 1A 2 10 0 12
3-Nov 1B 1 2 0 3
3-Nov CH 0 0 0 0
7-Nov 1A 0 3 0 3
7-Nov 1B 2 3 0 5
7-Nov CH 0 0 0 0
8-Nov 1A 0 0 0 0
8-Nov 1B 0 0 0 0
8-Nov CH 7 4 0 11
10-Nov 1A 0 1 0 1
10-Nov 1B 0 0 0 0
10-Nov CH 0 0 0 0
Total 36 61 0 97

(a) CH refers to a spawning channel off of Recovery area 1A.
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Appendix 2. Operculum tagging of chinook salmon carcasses in Quinsam River, 1995,

Capture Tagged

Date area Male Female Jack Total
20-Oct 2B 0 1 ) 0 1
20-Oct 2C 0 0 0 0
20-Oct 2D 0 0 0 0
23-Oct 2B 1 1 0 2
23-Oct 2C 2 2 0 4
23-Oct 2D 10 5 0 15
25-Oct 2B 0 4 0 4
25-Oct 2C 3 5. 0 8
25-Oct 2D 4 3 0 7
26-Oct 2B 0 0 0 0
26-Oct 2C 0 0 0 0
26-Oct 2D 8 4 0 12
30-Oct 2B 1 9 0 10
30-Oct 2C 7 9 0 16
30-Oct 2D 7 16 0 23
1-Nov 2B 3 2 0 5
1-Nov 2C 5 17 0 22
1-Nov 2D 12 6 2 20
2-Nov 2B 0 0 0 0
2-Nov 2C 0 0 0 0
2-Nov 2D 5 10 0 15
6-Nov _ ] 2B 1 6 0 7
6-Nov 2C 4 16 0 20
6-Nov 2D 6 8 0 14
7-Nov 2B 0 0 0 0
7-Nov 2C 0 0 0 0
7-Nov 2D 9 4 0 13
13-Nov 2B 0 0 0 0
13-Nov 2C 3 2 0 5
13-Nov 2D 4 1 0 5
15-Nov 2B 0 2 0

15-Nov 2C 0 0 0 0
15-Nov 2D 1 0 0 1
Total 96 133 2 231

P
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Appendix 3. recovery of tagged chinook salmon carcasses in Campbell River, 1995.

Recovery Recovered (a)

Date area (a) Male Female Jack Total
31-Oct 1A 0 1 -0 1
31-Oct 1B 0 1 0 1
31-Oct CH 0 0 0 0
2-Nov 1A 0 0 0 0
2-Nov 1B 0 0 0 0
2-Nov CH 2 0 0 2
3-Nov 1A 3 7 i 0 10
3-Nov 1B 2 2 0 4
3-Nov- - CH 0 0 0 0
7-Nov 1A 2 2 0
7-Nov 1B 0 1 0 1
7-Nov CH 0 0 0 0
8-Nov 1A 2 3 0 5
8-Nov 1B 0 0 0 0
8-Nov CH 1 12 0 13
10-Nov 1A 1 2 0 3
10-Nov 1B 0 0 0 0
10-Nov CH 1 0 0 1

Total 14 31 0 45

(a) CH refers to a spawning channel off of Recovery area 1A.

e
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Appendix 4. Recovery of tagged chinook salmon carcasses in Quinsam River, 1995.

Capture Tagged
Date area Male Female Jack Total
25-Oct 2B 0 0 . 0 0
25-Oct 2C 0 0 0 0
25-Oct 2D 0 2 0 2
26-Oct 2B 0 0 0 0
26-Oct 2C 0 0 0 0
26-Oct 4 2D 2 1 0 3
30-Oct 2B 0 0 0 0
30-Oct 2C 0 1 0 1
30-Oct. - 2D 0 0 0 0
1-Nov 2B 0 1 0 1
1-Nov 2C 2 2 0 4
1-Nov 2D 4 9 0 13
2-Nov 2B 0 0 0 0
2-Nov 2C 0 0 0 0
2-Nov 2D 10 8 0 18
6-Nov 2B 0 5 0
6-Nov 2C 3 8 0 11
6-Nov 2D 0 3 0
7-Nov 2B 0 0 0 0
7-Nov 2C 0 0 0 0
7-Nov 2D 5 1 0 6
13-Nov - 2B 0 5 0 5
13-Nov ' 2C 1 2 0 3
13-Nov 2D 2 2 0 4
15-Nov 2B 0 0 0 0
15-Nov 2C 1 0 0 1
15-Nov 2D 0 0 0 0
0 80

Total 30 50

[
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