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ABSTRACT

Since 1991, the Alaska Department of Fish and Game has assessed coho salmon Oncorhynchus kisutch of the Kenai
River with an annual research program. As part of this ongoing study, coho salmon smolt were captured and
marked with coded wire tags and adipose finclips at a weir on the Moose River, a tributary to the Kenai River, in
2000. An estimated 103,319 coho salmon were marked with adipose finclips, and of those, 102,300 were released
alive with coded wire tags, and 213,789 were enumerated emigrating from the Moose River.

In 2001, coho salmon smolt tagged in 2000 at the Moose River returned to the Kenai River as adults. Fish wheels
and drift gillnets on the Kenai River, and a weir at the Russian River (tributary to the Kenai River), were used to
capture returning adult coho salmon to estimate the proportion bearing coded wire tags, which in turn was used to
estimate commercial harvest of Kenai River origin. Captured coho from these efforts were examined for the
presence of an adipose finclip. Additionally, a tag detector wand was used to confirm tag presence in adipose
finclipped coho at the fish wheels. The pooled fish wheel catch appeared most representative for use in estimating
the commercial harvest of coho of Kenai River origin. The 2000 drainage-wide smolt abundance was an estimated
601,236 coho salmon (SE = 25,454), based on the pooled number of fish examined at the fish wheel (2,670), the
number observed to be missing an adipose fin (458), and the number of smolt marked and released with an adipose
finclip in 2000 (103,319).

Based on the recovery of harvested adults marked with coded wire tags and adipose finclips in selected Upper Cook
Inlet commercial fisheries, an estimated 282 (SE = 56) coho salmon of Kenai River origin were harvested in the
Central District drift gillnet fishery and an estimated 349 (SE = 110) were harvested in the Central District eastside
set gillnet fishery, and 1,303 (SE = 125) by all Northern District set gillnet fisheries for a total of 1,934 (SE = 176).
Coho salmon of Kenai River origin comprised 0.7% of the total drift gillnet harvest, 8.2% of the total eastside set
gillnet harvest, and 2.8% of the total Northern District set gillnet harvest in 2001.

Key words: coho salmon, Oncorhynchus kisutch, population assessment, sustained yield, contribution,
commercial harvest, coded wire tag, Kenai River, smolt abundance, wild.

INTRODUCTION

BACKGROUND

Wild coho salmon Oncorhynchus kisutch spawn and rear in freshwater drainages of Upper Cook
Inlet, Alaska (UCI, Figure 1). As they return to spawn annually, adults are harvested in mixed-
stock commercial and sport marine fisheries. Sport and personal use harvests also occur in fresh
water. Cook Inlet ranks first in the 1985-2000 average combined marine and freshwater sport
harvest of coho salmon among all regions of the State, fifth in commercial harvest, and second in
the combined sport and commercial harvest (Figure 2).

In 1991, the Alaska Department of Fish and Game (ADF&G) initiated a program to assess the
status of UCI coho salmon stocks (Meyer et al. Unpublished). Despite the importance of UCI
coho salmon fisheries, no such program existed before 1991. A primary component of the
program involves the wild population of coho salmon from the Kenai River. This population
was selected for assessment because of a history of large inriver harvests and unknown
exploitation rates. These coho salmon support the largest freshwater sport harvest in the state
(Howe et al. 1995-1996, 2001 a-d; Jennings et al. 2004; Mills 1979, 1980, 1981 a, b, 1982-1994;
Walker et al. 2003) and account for an average of about 1 of every 6 of the roughly half million
annual coho salmon sport-harvested from Alaskan waters. The population also contributes to
commercial marine fisheries in UCI and, to a lesser degree, to marine sport and inriver personal
use fisheries that occur along migratory approach routes to the Kenai River.
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The initial goals of the Kenai River population assessment program were to determine if
exploitation by existing fisheries was threatening sustained yield and to develop a sustained-
yield management objective (Meyer et al. Unpublished). To achieve these goals, annual records
of exploitation rate and adult production were needed. A decline in production associated with
increasing exploitation would signal the need for immediate conservation actions while a long-
term record would provide a quantitative way to develop a sustained-yield objective.

The initial research approach was to annually estimate: (A) the population specific harvest in
marine commercial fisheries, (B) the inriver sport and personal use harvest, and (C) the
spawning escapement. The sum of these three components (A + B + C) would provide the
desired estimate of annual adult production. The sum of the two harvest components (A + B)
divided by the estimated production would provide an estimate of exploitation rate.

Commercial harvest estimates (A) have been made annually since 1993 through a coded wire tag
release and recovery program (Carlon 2000; Carlon and Hasbrouck 1994, 1996-1998; Carlon and
Massengill In prep; Massengill and Carlon 2004). Inriver sport and personal use harvests (B)
are estimated annually by angler surveys (Hammarstrom 1977, 1978, 1988-1992; Howe et al.
1995-1996, 2001 a-d; Jennings et al. 2004; King 1993; Mills 1979, 1980, 1981 a, b, 1982-1994;
Walker et al. 2003). Prior to 1999, the estimation of spawning escapement (C) was prevented
due to technical limitations of sonar enumeration equipment (Bendock and Vaught 1994) and
indications that coho salmon may be excessively sensitive to handling-induced stress associated
with mark-recapture experiments in intertidal zones (Vincent-Lang et al. 1993). Therefore, total
adult production and exploitation remained unknown until 1999 when a mark-recapture
experiment was developed that addressed handling concerns (J. Carlon, Alaska Department of
Fish and Game, Division of Sport Fish, Soldotna, personal communication).

Because adult exploitation rates and total production have only been estimated since 1999, any
relationship between the two quantities remains unknown; adults produced from the 1999
escapement (the first with an estimated exploitation rate) will return in 2003. This approach to
assessment of population status is therefore considered a long-term endeavor.

In the interim, two indicators of sustainability are being monitored. The first, annual
exploitation rate (alone), is considered a more immediate indicator of sustainability. The second,
annual smolt abundance, initially considered ancillary information, is now viewed as an interim
indicator of population size and sustainability.

Early results from the Kenai River assessment program revealed an overall decline in smolt
abundance between 1992 and 1995 (Carlon and Hasbrouck 1996, 1997). Although the cause of
the decline remains unknown, it heightened the level of concern for the sustainability of recent
historical harvest levels. The response to this concern was the development and adoption of the
first management plan for Kenai River coho salmon. The Kenai River Coho Salmon
Management Plan (Alaska Fish and Game Laws and Regulations Annotated, 1997-1998; 5 AAC
21.357) was adopted by the Alaska Board of Fisheries in the spring of 1997 and was in effect
during the 1997 fishing season.

A subsequent review in 2000 suggested that adult abundance was in decline and that additional
precautionary restrictions were necessary if the decline continued (Clark et al. Unpublished).
Concurrently, other UCI coho salmon stocks were documented as declining and, in 2000, the
Alaska Board of Fisheries responded by adopting the Kenai River Coho Salmon Conservation



Management Plan (Alaska Fish and Game Laws and Regulations Annotated, 2000-2001; 5 AAC
21.357). This plan was a modification of the 1997 version and included additional precautionary
restrictions to both commercial and sport fisheries.

Precautionary fishery restrictions implemented under the management plan are considered
somewhat arbitrary because they were developed in the absence of a sustained-yield
management objective. Whether harvest opportunity was unnecessarily restricted is unknown.
Therefore, the assessment program will continue annually until a sustained-yield objective can
be quantified; this will provide an objective basis for refining the management plan and
configuring fisheries in the future.

Adult exploitation rate and production are estimated as objectives of a companion project (J.
Carlon, Alaska Department of Fish and Game, Division of Sport Fish, Soldotna, personal
communication) while this report documents the 2001 population-specific commercial harvest
and the 2000 smolt abundance estimates. This report is the ninth in a series documenting
commercial harvest since 1993 and smolt abundance since 1992 of coho salmon from the Kenai
River (Carlon 2000; Carlon and Hasbrouck 1994, 1996-1998; Carlon and Massengill In prep;
Massengill and Carlon 2004).

STUDY AREA

Smolt were captured for marking in 2000 as they emigrated from the Moose River (Figure 3), a
tributary to the Kenai River at Kenai River kilometer (rkm) 58.4. As part of a companion study
to estimate the adult coho salmon population size, two fish wheels were operated near rkm 44.5
and a drift netting effort was conducted in the mainstem Kenai River between its confluences
with the Moose and Funny rivers. The Funny River joins the Kenai River at rkm 48.9. The
catches of adult coho salmon made during the companion study provided data essential to
achieving objectives documented in this report. A weir was operated on the Russian River
(Kenai River tributary at rkm 118) throughout the majority of the coho salmon return as another
source for examining adults within the drainage. Samples of adults commercially harvested in
the drift and eastside set gillnet fisheries of the Central District and the set gillnet fisheries of the
Northern District were examined at processing plants and buying stations located along the UCI
coast line in 2001. The statistical area from which examined fish were harvested was recorded
when possible (Figure 4).

OBJECTIVES
The primary objectives of this study were:
1. to estimate the harvest of coho salmon of Kenai River origin in the eastside set gillnet

and drift gillnet fisheries of the Central District and in the set gillnet fisheries of the
Northern District of UCI in 2001, and

2. to estimate the number of coho salmon smolt that emigrated from the Kenai River in
2000.

Prerequisite objectives to primary objective 1 (above) were:

3. to test the null hypothesis that the proportion of the Kenai River adult population bearing
coded wire tags remained constant over the duration of the return from August 1 through
September 30, 2001; and, if constant,
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4. to estimate the proportion of the population bearing coded wire tags from August 1
through September 30, 2001.

METHODS

Study methodology includes experimental design and assumptions, data collection, and data
analysis phases. Each phase is described as it applies to each primary objective.

EXPERIMENTAL DESIGN AND ASSUMPTIONS

Commercial Harvest Objective

Harvest from a population of salmon in a mixed-stock fishery can be estimated by marking
juveniles in fresh water and recovering marked adults in the fishery. Total harvest in the fishery
and the fraction of fish in the population of interest bearing marks must be known or estimated.
The number of marks recovered from the fishery can then be expanded into a population-specific
harvest estimate by accounting for unmarked fish in the population and for the portion of the
total harvest not examined (Clark and Bernard 1987).

To estimate commercial harvest of coho salmon bound for the Kenai River, a sample of juvenile
coho salmon was captured from within the Kenai River drainage in 2000, marked with coded
wire tags, and released. Total harvest of coho salmon in 2001 commercial fisheries was
available from the ADF&G commercial fishery fish ticket database system. Sampling of the
commercial harvest for marked fish was accomplished by personnel of the ADF&G Commercial
Fisheries (CFD) Division. The tagged fraction of the adult return to the Kenai River was
estimated by examining inriver samples in 2001.

For the purpose of estimating commercial harvest, the tagged fraction refers to the fraction of the
return to the Kenai River physically bearing a coded wire tag that was implanted during the
smolt stage. The number of tags of Kenai River origin recovered from a sample from the
commercial fishery is then expanded by multiplying by the inverse of the tagged fraction
(determined from inriver sampling) to estimate and account for untagged fish in the commercial
sample. The result is an estimate of the number of Kenai River fish in the sample. Because the
sample is most often smaller than the harvest, the estimate of fish of Kenai River origin in the
sample is further expanded to account for the portion of the harvest that was not examined.
Knowledge of the number of fish harvested is therefore required.

Every fish recovered in the inriver sampling component of the study is checked for an adipose
finclip, but not necessarily for a coded wire tag. Because of the potential for smolt-to-adult tag
loss, a sample of the inriver fish found to be missing an adipose fin must be checked to estimate
the tag loss rate. In 2001, the majority of coho salmon with an adipose finclip that were caught
in fish wheels were checked for the presence of a tag using an electronic tag detector (Northwest
Marine Technologies Tag Detection Wand). The fraction of the returning adults possessing a
coded wire tag was then estimated by correcting the adipose finclipped fraction by the tag loss
rate and also adjusting for false negative detection results (a secondary correction for erroneous
tag wand results).

An underlying assumption of the study design is that marked fish are a representative sample of
the drainage-wide smolt emigration or of the subsequent adult return with respect to return
timing (Clark and Bernard 1987). Marked fish must mix with unmarked fish in the population
such that the fraction of marked fish remains constant throughout the adult return. A constant



marked fraction measured from inriver samples implies such mixing and implies that the marked
fraction estimated from inriver samples is an accurate estimate of the marked fraction of the
population as it passed through commercial harvest areas prior to entering the river.

This assumption of mixing was evaluated by examining samples of coho salmon returning to the
Kenai River and testing the hypothesis that the tagged fraction did not change over time. Failure
to reject this hypothesis indicates that marked fish mixed with unmarked fish between the
marking and recovery events. Furthermore, failure to reject the hypothesis indicates that the
tagged fraction can best be estimated by pooling inriver samples over time.

Rejecting the hypothesis would indicate that marked fish were a biased sample of the population.
Substantial bias prohibits the estimation of commercial harvest because the marked fraction
passing through commercial harvest areas is unknown. However, if bias is minimal, commercial
harvest estimates may still be practical and valid for current research and management
applications.

To make a meaningful test of the consistency of the marked fraction of the return over time, it
must be assumed that the inriver sample was representative of the return during each time
stratum. This is likely a valid assumption because two diverse sampling methods were used (fish
wheels and drift gillnetting) in 2001 resulting in a wide distribution, both spatially and
temporally, of sampling effort between rkm 58.4 and 44.5 of the Kenai River. Both the fish
wheel and drift gillnetting locations are downstream of tributaries where significant coho salmon
spawning has been documented and little mainstem spawning is suspected to occur below these
locations. The two fish wheels were operated (one adjacent to each riverbank) continuously
during most daylight periods as were drift gillnetting efforts. These drift gillnetting efforts were
distributed throughout a 9.5 kilometer river reach. A comparison of marked fractions among
sample sources provides a method to evaluate whether they provide representative samples.

Smolt Abundance Objective

All marking and recovery efforts associated with the objective of estimating commercial harvest
also provided the data with which to estimate smolt abundance. The experimental design is a
two-event mark-recapture experiment, with marking of smolt with finclips constituting the first
event and the sampling of adults from the inriver return (to examine for finclips) constituting the
second event. If all assumptions of the mark-recapture model are valid, an accurate estimate of
the drainage-wide smolt abundance during the smolt marking year is possible.

As with the model used to estimate commercial harvest, estimates of smolt abundance were
considered accurate if mixing of marked smolt with unmarked smolt occurred between the
marking and recovery years. This assumption was tested by examining the inriver adult samples
for temporal variations in the fraction marked with finclips. However, if smolt-to-adult tag loss
IS a rare event, tests of the tagged fraction for temporal variation (as necessary for estimating
commercial harvest) can serve as a surrogate for the finclipped fraction. If tag loss is substantial,
the finclipped fraction should be directly tested. A constant marked fraction is considered an
indication that smolt of all return timings were marked in proportion to their abundance, i.e. the
smolt that were marked were representative of the smolt population.

In contrast to the commercial harvest model, temporal variations in the marked fraction do not
necessarily result in estimation inaccuracy. Mark-recapture models are inherently robust
because bias in selecting individuals during the marking phase can be overcome by random



selection of individuals during the recovery phase. In the case of the current experiment, bias in
selection of individuals during both phases was considered minimal. Additional assumptions of
the smolt abundance model are described in the data analysis section.

DATA COLLECTION

Data collection occurred during two calendar years. Mark-release data were collected when
smolt were captured and marked in 2000, and mark-recovery data were collected in 2001 from
commercial harvests and from inriver sources (rkm 44.5 fish wheels, drift gillnetting in a 9.5
kilometer stretch of the Kenai River, and the Russian River weir.).

Smolt Marking in 2000

Juveniles were captured for marking in 2000 at a single location within the Kenai River
drainage. Prior to 1994, juveniles were captured at a variety of locations (Carlon 1992; Carlon
and Hasbrouck 1993). However, subsequent recoveries of adults marked as juveniles indicated
that the Moose River was the only location that provided a suitable sample of smolt for marking
(Carlon and Hasbrouck 1994). In addition to providing access to a sufficient number of smolt,
the Moose River provided smolt that were representative of the entire Kenai River population
with respect to adult return timing (Carlon and Hasbrouck 1994). Therefore, since 1994,
juveniles have been marked only at the Moose River.

A weir with a trap was installed in the mainstem of the Moose River at rkm 7.5 to capture smolt
for marking as they emigrated downstream from overwintering habitats in the drainage. The
weir was constructed of aluminum framed panels faced with Vexar® forming a continuous
"fence" between stream banks. The upstream end of the weir is attached to the riverbank with
Vexar® netting and secured with sandbags. The downstream end is attached to a trap box made
of aluminum angle and perforated plate. The weir was believed to be a total barrier to fish
migration during the period May 18 through June 28, 2000. Virtually all smolt arriving at the
weir between May 23 and June 17 were marked and released.

Smolt were the primary life stage captured for tagging at the Moose River. Historical data and
observations indicate that smolt comprise nearly 100% of the annual springtime coho salmon
emigration from the Moose River. Tags recovered from marked adults returning to spawn in
1993 through 2000 had been implanted in juveniles emigrating from the Moose River the prior
year (Carlon 2000, 2003; Carlon and Hasbrouck 1994, 1996-1998, Massengill and Carlon 2004).
The recovery of adults tagged 2 years prior to recovery has never occurred. In addition, the
similar behavior (mass downstream migration), appearance (silver skin pigmentation obscuring
parr marks), migration timing (about May 20 through June 15), and narrow length distributions
(Carlon 1992; Carlon and Hasbrouck 1993) are supplemental indications that most of the
juvenile coho salmon emigrating from the Moose River and tagged each spring are smolt.
Although juveniles shorter than 100 mm (fork length) were present during each emigration, these
were not marked because they were substantially different in appearance (parr marks highly
visible and substantially less silver skin pigmentation), there were very few of them, and scale
samples from fish shorter than 100 mm all exhibited only one annulus. Most coho salmon of
Kenai River origin undergo smoltification after 2 years in fresh water (Hammarstrom 1988-
1992).

Additional evaluation of smolt marking at the Moose River from 1992 through 1994 indicated
that the date of arrival at the weir was independent of the eventual adult return timing (Carlon
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and Hasbrouck 1994, 1996, 1997). Therefore, as a cost-saving measure, an attempt was made to
achieve the marking goal of 95,000 as quickly as possible. After the marking goal was achieved,
tagging was discontinued, personnel (and costs) were reduced, but the weir remained in place
until June 28 to census the smolt emigration because census data may eventually provide some
predictive ability for estimating the adult return population and drainage-wide smolt abundance.

Fish captured in the weir trap throughout each day were partially immobilized by sedating with
MS-222 to a level-two anesthesia (Yoshikawa et al. 1988), hand-sorted into one of two length
groups, and transferred to instream holding pens. An inriver tag facility allowed fish to be netted
directly into a holding tank for tagging. Fish were handled and marked following standard coded
wire tagging procedures (Moberly et al. 1977). Fish were re-sedated to a level-three anesthesia
(Yoshikawa et al. 1988) and the adipose fin was excised with surgical scissors. All were then
tagged with a Northwest Marine Technologies® Mark 1V tag injector fitted with the optimal
headmold for each length group. Headmolds were chosen to result in proper and precise tag
placement in fish of each length group (Northwest Marine Technologies Inc 1990; Peltz and
Hansen 1994). Fish < 125 mm were tagged using a 30-per-pound headmold, those > 125 mm
and < 150 mm were tagged with a 20-per-pound headmold. Rarely, smolt > 150 mm were
captured. These were released untagged because of the excessive time required to sedate and tag
them. Because this was a rare occurrence, it is likely that this had no impact on the marked
proportion in the subsequent year’s return of adults. Tag codes released in 1999 were verified on
site (through visual inspection with a binocular microscope) and the number of smolt marked
each day was recorded. Groups of smolt were batch marked; a single tag code was applied to all
individuals in the group. The number marked per group ranged from 11,245 to 11,659
depending on the number of tags per tag spool. This resulted in 10 tag code groups being
released during the emigration.

With the exception of a small sample detained each day, all marked fish were released to
continue their downstream migration after recovering from anesthesia in an instream holding
pen.

Short-term survival and tag retention rates were estimated for smolt marked during each tagging
shift by detaining samples of about 200 marked fish in holding pens overnight. These rates were
monitored as a quality control measure. Substantial decreases in survival or tag retention would
identify the need to adjust capture, handling, or marking procedures. Survival rates were also
used to estimate the total number of marked smolt that survived the marking procedure. The
number of marked fish that survived and were released is a partial requirement of the model used
to estimate smolt abundance.

Recovery of Marked Adults in the 2001 Return
Data were collected among three inriver sample sources in 2001 to estimate the tagged
proportion of the return. These were the fish wheel catch at rkm 44.5, drift gillnetting catches
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between rkm 58.4 and 48.9, and the return of fish to the Russian River weir (Figure 5). Data
from these sources were also collected to determine if the recovery of adipose-clipped fish could
be used to estimate smolt abundance.

Fish Wheels

As part of the independent and concurrent mark-recapture experiment to estimate the inriver
abundance of adults, two fish wheels were operated in the mainstem of the Kenai River to
capture adults for marking. This also provided a sample source for the examination of fish for
the missing adipose fin mark.

Coho salmon were captured and examined for a missing adipose fin from August 1 through
September 30, 2001 (the last day on which coho salmon were caught). The majority of fish
found to be missing an adipose fin was checked with an electronic tag detection wand for the
presence of an embedded coded wire tag. A sample of marked fish in which no tag was detected
was sacrificed to determine the rate of false-negative wand results. This was required to adjust
the estimate of the tagged fraction to account for false-negative wand results. The false-positive
rate was assumed to be zero to avoid sacrificing live fish, as a large number of fish would be
needed to accurately detect this rate of occurrence.

Drift Gillnetting

Also as part of the mark-recapture experiment to estimate the abundance of adults, drift
gillnetting was conducted. This constituted the recapture event and provided a second source of
adult coho salmon to examine for the missing adipose fin mark. Drift gillnetting was
supplemented by a limited amount of set gillnetting and by the use of hook-and-line sport fishing
gear. However, the primary, and by far the most effective recapture method, was drift
gillnetting. Minor catches from set gillnetting and hook-and-line were combined with the drift
gillnet samples in evaluating the recapture event as a sample source for estimating the tagged
proportion of the 2001 return.

Four, two-person crews were scheduled to deploy drift gillnets in the mainstem Kenai River
during all daylight hours from August 1 through October 5, 2001, such that, at least two and at
most four crews deployed nets each day. Crews operated from riverboats allowing them to rove
between riverbanks and over the recapture reach (rkm 48.9 to rkm 58.4) so that effort was widely
distributed over the entire reach and throughout the day.

Upon capture, all coho salmon were marked with a dorsal fin punch (to avoid duplicate
examination), examined for external tags (as a requirement of the adult mark-recapture
experiment), and examined for the presence or absence of the adipose fin. The number with and
without an adipose fin were thereby recorded each day.

Russian River

Supplemental information was also collected at the Russian River, a tributary to the Kenai River
at approximately rkm 118. Sockeye Oncorhynchus nerka, coho, and Chinook O. tshawytscha
salmon spawn in the drainage annually. The Russian River supports an intense, directed sport
fishery for sockeye salmon and this return is managed for an escapement goal. A weir is used to
census that escapement and is usually operated until about mid-September, the approximate end
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of the sockeye salmon return. Since 1998, weir operation has been extended through early
October to enumerate later-returning coho salmon and to examine the Russian River segment of
the population for adipose finclipped fish. Fish were not sacrificed for coded wire tag retrieval
nor were they detained to check for the presence of a tag with a tag detection wand. Fish were
simply counted and visually examined for adipose fin status as they passed through the weir.

The Russian River weir is the only facility operated annually within the Kenai River drainage
that permits a census of a coho salmon tributary escapement, but escapements were fully
enumerated there only six times before 2001 (Carlon 2000, 2003; Carlon and Massengill In prep;
Marsh 1995; Massengill and Carlon 2004; Nelson 1983). A census at the Russian River weir
was deemed valuable during the 1997 return because of the conservation concern that developed
in that year (Carlon 2000). The census has been repeated annually since 1997 by extending the
weir as an enhancement to the overall assessment program and to provide another source of
adults to examine for estimating the marked fraction and can also serve to show the rate of
Moose River utilization for rearing by fish natal to more distant tributaries.

Commercial Harvest in 2001

Upper Cook Inlet commercial fisheries typically harvest coho salmon between late June and
early September. The fisheries are managed primarily for sockeye salmon through various
combinations of time and area restrictions. Fishery management guidelines for all species are
described in the Upper Cook Inlet Salmon Management Plan (Alaska Fish and Game Laws and
Regulations Annotated, 2000-2001; 5 AAC 21.363 and associated plans); 2001 management
actions are documented by Fox and Shields (2001).

Fisheries selected for sampling during 2001 included the drift gillnet and the eastside set gillnet
fisheries of the Central District and the set gillnet fisheries of the Northern District. These areas
historically account for most of the UCI coho salmon harvest (Ruesch and Fox 1995). Northern
District fisheries typically harvest less than a few hundred coho salmon of Kenai River origin
(Carlon 2000, 2003; Carlon and Hasbrouck 1994, 1996-1998; Carlon and Massengill In prep;
Massengill and Carlon 2004), but were sampled to estimate the harvest of hatchery-produced
coho salmon stocked in Northern District streams (Bosch et al. In prep). Harvests in other UCI
commercial fisheries have been sampled incidental to this effort in prior years (Carlon 2000;
Carlon and Hasbrouck 1994, 1996-1998; Massengill and Carlon 2004), and the west side set
gillnet fishery was incidentally sampled in 2001.

In 2001, both the Central District drift gillnet and eastside set gillnet fishing seasons opened on
June 25 (Fox and Shields 2001). With the exception of several fishing periods, the harvests in
both fisheries were examined during each open period through the end of the fishing season.
Northern District set gillnet harvests were likewise examined through the last period during
which fishing effort occurred.

Harvested coho salmon were examined at shorebased processing locations throughout UCI to
recover coded wire tags from marked fish. Sampling personnel roved among commercial
processing locations (main plants and buying stations) and recorded daily totals of the number of
coho salmon examined and the number that were missing an adipose fin. Heads were collected
from adipose-clipped fish, frozen, and later shipped to the Tag Lab for retrieval of the embedded
coded wire tag. The following information was also recorded: date sold (date harvested),
statistical area of harvest when available, and processor. In general, the statistical area of each
sampled set gillnet harvest was known. Drift gillnet harvests were typically a mixture of fish
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from multiple statistical areas. All tag recovery data were keypunched and archived by the Tag
Lab. The raw data are accessible via the World Wide Web at URL
http://tagotoweb.adfg.state.ak.us.

DATA ANALYSIS

Several steps were required before the objectives of estimating smolt production in 2000 and
commercial harvest of coho salmon of Kenai River origin in 2001 could be achieved. For the
estimate of smolt production, the essential steps were: (1) estimate the number of smolt marked
in 2000 that survived the marking process, and (2) detect adipose finclipped fish in the adult
inriver return from known sample sizes. For the estimate of the commercial harvest of the Kenai
River population, the essential steps involved were: (1) test the hypothesis that the proportion of
coded wire tagged adults observed inriver in 2001 did not change over time, (2) estimate the
proportion of the adult return in 2001 bearing coded wire tags, and (3) recover coded wire tags
from known sample sizes from the commercial fishery.

Smolt Marking in 2000

Short-term mortality and tag loss were estimated to determine the total number of viable,
adipose-clipped and tagged smolt released in 2000. Short-term survival and tag retention for
smolt marked during each shift were estimated from a representative sample of about 200
marked smolt that were detained in holding pens for 18 to 24 hours after marking. Short-term
survival rate (sx) for smolt marked and released during marking shift k was estimated as the
fraction of smolt that survived the detainment period.

Short-term tag retention rate (by) for smolt marked during a shift that survived was estimated as
the fraction of surviving smolt that had retained their tags.

The total number of smolt marked with a tag during each shift k (mj;) was adjusted to account

for short-term survival and tag retention to yield an estimate of the total number of tagged smolt
that survived and retained a tag in shift k, my:

My = miSgby (1)

The total number of smolt that were marked, survived, and retained a tag at the Moose River in
2000 was estimated by summing m, over all marking shifts. This number was required to

determine when the goal of releasing 95,000 tagged live fish was achieved and as a real-time
quality control measure. The total number of smolt marked with an adipose finclip was
estimated by summing the individual estimates of the number of marked fish that survived the
marking process. This number represented the number of marked fish released in the marking
event of the mark-recapture experiment to estimate smolt abundance.

Recovery of Marked Adults in the 2001 Return
Estimating the commercial harvest of coho salmon of Kenai River origin in 2001 required
estimating the tagged proportion (0) of the return, i.e., the proportion physically bearing coded

wire tags. The tagged proportion was unknown at the time of smolt marking in 2000, but was
estimated when adults returned in 2001 by examining fish from five different sampling sources.
These sources were the catch of coho salmon in two fish wheels near rkm 44.5 (one adjacent to
each riverbank), the drift gillnetting catch along each riverbank between rkm 48.9 and 58.4, and
the return of fish to the weir on the Russian River.
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Estimation of the tagged proportion (0) was a four-step process. The first step involved
estimating the adipose finclip rate (ygi)in the returning population sampled at source g during

weekly interval i. The rate was estimated as the proportion of the sample of fish examined that
were characterized by a missing adipose fin. The second step involved estimating the smolt-to-
adult tag retention rate (Cgi) in the returning population of adipose-clipped fish sampled at

source g during weekly interval i. This rate was estimated as the proportion of adipose-clipped
fish examined for a coded wire tag that were found to possess one. The third step involved
estimating the tagged proportion (64;) of the population sampled at source g during weekly

interval i that carried a tag implanted at the Moose River in 2000. This proportion was estimated
as:

~

Ogi = 9giagi : 2

The fourth step involved a battery of hypothesis tests to determine if the tagged proportion
varied significantly over weekly intervals within a sample source or among sample sources.
Samples were combined over weekly intervals and among sources for which inter-source
differences were not detected (or were inconsequential) to provide a single estimate of the tagged
proportion (0) of the 2001 return.

Although the adipose finclip rate (ygi) was estimated similarly for all sample sources, the
smolt-to-adult tag retention rate (cq;) was estimated differently depending on the sample source.
For samples from the fish wheel, corrections for false negative wand results were made and the
C, Wwas estimated as:

where:

h,; = the number of adipose-finclipped fish that were wand-tested in the sample from source g in
week i,

V'gi =Vgi + (hgi - Vgi)(zfgi /Z_Sgi) , 4)
gi gi
where:

Vgi = the number of positive wand results (tag detected) from sample h;,

Sgi = the number of fish with negative wand results (no tag detected) in h; that were sacrificed
to verify the negative result, and

fgi = the number of false negatives out of sy (number of adipose-finclipped fish that tested
negatively with the wand, were sacrificed, and were found to carry a tag).
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Note that in equation 4, an overall false-negative correction factor(z fgi / ngi) is estimated by
gi gi

summing false-negative data (sqi and fg;) over all i weekly intervals and over all g sample

sources. In doing this, it is assumed that the probability of a false negative reading remains

constant through weeks and over samples. The pooling was required because only a small

sample of fish with negative wand results was sacrificed in 2001. Combining all data was

appropriate to obtain a reasonably precise estimate of the false-negative rate.

For the Russian River weir and Kenai River recapture event samples, no wand was used and the
single, overall tag retention rate estimated from fish wheel samples was used to correct the
adipose clip rate. Fish were not wanded to avoid physically detaining the spawning migration at
the Russian River weir and to simplify handling for safety reasons in the mainstem recapture
event. Itis assumed that the tag retention rate is similar among all stocks within the Kenai River.
Correcting the adipose-clip count in the Russian River weir and fish wheel samples allowed
direct comparison of weekly and overall tagged proportions (6) with other sample sources.

For each sample source g, a chi-square statistic was then used to test the hypothesis that the
proportion of fish carrying a Moose River tag did not change among weekly intervals
(0. =0.05). Failure to reject the hypothesis would indicate that the proportion of adults bearing

a tag was constant over weeks, allowing calculation of an overall estimate of the tagged
proportion (84) for sample source g by combining data over weekly intervals. A chi-square

statistic (o =0.05) was then used to compare the resultant overall estimates among sampling

sources to determine if sample data could be combined among sources to provide a more precise
estimate of the overall tagged proportion in the 2001 return.

Smolt Abundance in 2000
The model used to estimate smolt abundance was the Chapman modified Lincoln-Petersen
model (Seber 1982):

R = (M+1)(C+1) 1

(R+1) ®)

where:
M = the number of smolt marked with an adipose-finclip and surviving to emigrate in 2000,

C = the number of adult coho salmon examined for an adipose finclip in the 2001 return sample,
and

R = the number of adult coho salmon in the 2001 sample that had an adipose finclip.

The variance of the smolt abundance estimate was estimated by:
\7(N) _ (M+1)(C +1)(2M -R)(C-R) .
(R+D“(R+2)

(6)
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This model produces unbiased estimates of abundance if all of the following apply:

1. adult coho salmon examined for marks were a random sample of the inriver return or the
marked sample of smolt were a representative sample of the drainage-wide smolt
emigration in 2000 or if complete mixing of marked and unmarked individuals occurred
between the marking and recapture events,

all juveniles marked at the Moose River in 2000 were actually smolt,

survival and catchability were the same for marked and unmarked individuals,

adipose fins were not regenerated between the mark and recovery events,

there was no natural loss of adipose fins at any time during the life of the population, and

o U~ DN

fish were correctly categorized for the presence or absence of an adipose fin when
examined at each inriver sampling source.

There is a high likelihood that all three conditions of assumption 1 (above) are fulfill