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ABSTRACT 
The 1996 commercial harvest of coho salmon Oncorhynchus kisutch of Kenai River origin in selected Upper Cook 
Inlet (UCI) fisheries was estimated based on the recovery of harvested adults marked with coded wire tags and 
adipose finclips.  An estimated 2,671 (SE=235) coho salmon of Kenai River origin were harvested by the Central 
District drift gillnet fishery and an estimated 11,876 (SE=871) were harvested by the Central District eastside set 
gillnet fishery.  Additional directed and incidental sampling indicated that the commercial harvest of this population 
by other fisheries was small.  The estimated harvests represented 2% of the total drift gillnet harvest of 171,361 coho 
salmon and 29% of the total eastside set gillnet harvest of 40,548 coho salmon.  Commercial harvest estimates are 
the fourth available for this population of coho salmon. 

The estimated harvest by the 1996 drift gillnet fishery was lower than the 1993 through 1995 average due to a lower 
overall harvest of coho salmon and a shortened fishing season.  As in prior years, the majority (96%) of the 
population-specific harvest occurred during a 3-week period, but that period began about 1 week earlier (mid-July).  
Geographic trends in the drift gillnet fishery could not be discerned because harvests delivered to processing 
locations were usually a mix of fish from multiple statistical areas. 

Estimated harvest in the 1996 eastside set gillnet fishery was similar to those observed in 1993 through 1995.  The 
3-week duration of the harvest was similar to that of 1993 through 1995, but began about 1 week earlier (mid-July).  
As in prior years, most (92%) of the harvest occurred during a 3-week period, but that period began about 1 week 
earlier (third week of July).  There was a general decreasing trend in the portion of the total harvest comprising coho 
salmon of Kenai River origin from the southernmost statistical area to the northernmost; however, the harvest 
estimates were similar. 

Coded wire tags recovered from the drift gillnet fishery were also examined to determine the effect of fishery 
restrictions on the harvest of coho salmon from the Kenai River.  The harvest of coho salmon of Kenai River origin 
during restricted fishing periods did not increase even though the restriction concentrated fishing effort closer to the 
mouth of the Kenai River. 

Based on the number of smolt marked at the Moose River in 1995 (94,535 smolt), the number of sport harvested 
adults examined for marks (3,687), and the estimated number of marked adults recovered in the sport harvest sample 
(749), an estimated 465,075 (SE = 15,091) coho salmon smolt emigrated from the Kenai River in 1995.  This is the 
lowest of the four annual estimates available.  The Alaska Board of Fisheries adopted a Kenai River Coho Salmon 
Management Plan in March of 1997 because of this relative decline in smolt abundance and the harvest potential 
among commercial and sport fisheries. 

Precise placement of coded wire tags through proper selection of tag injector headmolds likely resulted in the low 
tag loss rate of 2% during the experiment. 

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

INTRODUCTION 

BACKGROUND 
Coho salmon Oncorhynchus kisutch spawn and rear in freshwater drainages of Upper Cook Inlet 
(UCI, Figure 1).  Adults returning to spawn are harvested annually in mixed-stock commercial 
and sport marine fisheries.  Sport and personal use harvests also occur in fresh water.  The largest 
sport harvests and the fifth largest commercial harvests of coho salmon in the state of Alaska 
occur in UCI (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.  Despite the importance of UCI coho salmon fisheries, no such 
program existed before 1991.  A primary study component of the program involves the wild 
population of coho salmon from the Kenai River.  This population was selected for assessment 
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because of large inriver harvests and because the level of exploitation was unknown.  These coho 
salmon support the largest freshwater sport harvest in the state (Mills 1979-1994; Howe et al. 
1995 and 1996) and contribute to commercial marine harvests of UCI.  Marine sport and inriver 
personal use fisheries also occur along migratory approach routes to Kenai River spawning areas, 
but the harvest of coho salmon from the Kenai River by these fisheries is currently considered 
inconsequential. 

The initial goal of the Kenai River population assessment program was to estimate annual 
exploitation and production rates to determine if exploitation is threatening sustained production.  
The planned approach was to annually estimate:  (1) the stock-specific harvest in marine 
commercial fisheries, (2) the inriver sport and personal use harvests, and (3) the spawning 
escapement.  This assessment approach relies entirely on annual estimates of adult harvest and 
escapement.  Commercial harvest has been estimated annually since 1993 by a coded wire tag 
(CWT) release and recovery program (Carlon and Hasbrouck 1994, 1996, 1997).  Inriver sport 
and personal use harvests are estimated annually by angler surveys (Hammarstrom 1977, 1978, 
and 1988-1992; Schwager-King 1993; Mills 1979-1994; Howe et al. 1995 and 1996).  Because 
spawning escapements have not been estimated, total adult production and exploitation remain 
unknown. 

Smolt production estimates are available since 1992 as ancillary information from the tag release 
and recovery procedures used to estimate commercial harvest.  Smolt production is therefore 
being considered as an alternative to adult production for assessing stock status.  Monitoring of 
smolt production may obviate costly and complex procedures to estimate adult escapements.  
However, consideration of adult studies has not been abandoned.  Monitoring smolt is considered 
a long-term approach which may not provide for a timely conservation response; the Kenai River 
population will continue to contribute to commercial harvests and there has been an increasing 
trend in the inriver sport harvest since 1977 to a record high of 87,000 fish in 1994 (Mills 1979-
1994, Howe et al. 1995-1996). 

This report is  the fourth in a series of published estimates of the commercial harvest and smolt 
abundance of coho salmon from the Kenai River.  This report documents commercial harvests in 
1996 and smolt abundance in 1995.  Estimates of the 1996 inriver recreational and personal use 
harvests will become available late in 1997.  These estimates, when combined with the 
commercial harvest estimates presented in this report, will represent the fourth consecutive 
annual estimate of total harvest for this population. 

Because the annual harvest was first estimated for1993 (Carlon and Hasbrouck 1994), the first 
paired estimates of harvest and subsequent smolt production will become available when the 
1997 smolt production is estimated.  Due to expected variability in the harvest-smolt 
relationship, the number of annual paired estimates needed to identify a sustainable yield with 
this method is not known.  This illustrates the long-term nature of this endeavor. 

STUDY AREA 
Smolt were captured for marking in 1995 as they emigrated from the Moose River (Figure 3), a 
tributary to the Kenai River at Kenai River kilometer (rkm) 60.5.  Samples of adults sport 
harvested from the lower 34 km of the Kenai River were examined in 1996 to estimate the 
portion of the return bearing tags.  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 
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District were examined in 1996.  The statistical area of examined harvests 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 of UCI in 1996, and  

2. to estimate the number of coho salmon smolt that emigrated from the Kenai River in 
1995. 

Prerequisite objectives were: 

1. to test the null hypothesis that the marked proportion remained constant over the 
duration of the return from August 1 through September 30, 1996; and, if constant, 

2. to estimate the marked proportion of the adult population returning to the Kenai River 
from August 1 through September 30, 1996.  

METHODS 
EXPERIMENTAL DESIGN AND ASSUMPTIONS 
Harvest from a population of salmon in a mixed-population fishery can be estimated by marking 
juveniles in fresh water at a similar life stage 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 to account for unmarked fish in the population and for the 
portion of the total harvest not examined. 

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 1995, marked with coded 
wire tags, and released.  Total harvest of coho salmon in 1996 commercial fisheries was available 
from the Alaska Department of Fish and Game commercial fishery fish ticket database system.  
The marked fraction of the adult return to the Kenai River was estimated by examining the 
inriver sport harvest in 1996. 

An assumption of this methodology 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.  This assumption was 
evaluated by examining coho salmon harvested in the Kenai River sport fishery for marks and 
testing the hypothesis that the marked fraction did not change over time.  Failure to reject this 
hypothesis confirms that marked fish mixed with unmarked fish between the marking and 
recovery events so that the marked fraction could be estimated by pooling samples from the sport 
fishery over time.  Such mixing implies that the inriver marked fraction equaled the marked 
fraction of the population as it passed through commercial harvest areas prior to entering the 
river (the marked fraction passing through commercial fishery areas must be known or estimated 
to estimate commercial harvest).  Rejecting the hypothesis would indicate that marked fish were 
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a biased sample of the population and estimating the commercial harvest of the population may 
not be possible unless bias is minimal.   

DATA COLLECTION 
Data collection occurred during 2 calendar years.  Mark-release data were collected when smolt 
were captured and marked in 1995 and mark recovery data were collected in 1996 from 
commercial and sport harvests. 

Juvenile Marking in 1995 
Juveniles were captured for marking in 1995 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. 

Observations and data collected during the marking of emigrants from the Moose River from 
1992 through 1994 and subsequent recoveries of marked adults indicate that smolt comprise 
nearly 100% of the annual springtime emigration from the Moose River.  Tags recovered from 
marked adults returning to spawn in 1993 through 1995 had been implanted in juveniles 
emigrating from the Moose River the prior year (Carlon and Hasbrouck 1994, 1996, 1997).  The 
recovery of adults tagged 2 years prior to recovery has never occurred.  Tags implanted during all 
segments of the 1992 through 1994 emigrations have been recovered from adults the year 
following tagging.  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 indications 
that most of the juvenile coho salmon emigrating from the Moose River 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 (<100), 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 
and Hasbrouck 1994, 1996, 1997).  Therefore, as a cost-saving measure, an attempt was made to 
achieve the marking goal of 95,000 (Carlon Unpublished b) as quickly as possible.  When the 
marking goal was achieved on June 9, the weir was dismantled.  The emigration was therefore 
not censused in 1995.  Observations indicate that most smolt arriving at the weir were tagged 
through June 9, but the number passing after June 9 is unknown.   

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 from overwintering lakes in the drainage.  The weir was a total 
barrier to fish migration during the period May 20 through June 9, 1995.  Virtually all smolt 
arriving at the weir were marked and released.  Observations of smolt holding upstream of the 
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weir indicated that migration timing was more protracted in 1995 than in prior years and most 
fish were marked within 1 day of arrival at the weir.  This permitted the marking of all smolt 
captured during 1995 with the exception of several hundred fish that either escaped or died 
during capture or handling.   

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 three length 
groups, and transferred to instream holding pens.  Buckets were used to transfer smolt from the 
holding pens to a marking facility located on the stream bank near the weir trap.  For marking, 
fish were handled and marked following standard coded wire tagging procedures (Moberly et al. 
1977). Fish were 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 IV tag injector fitted with the optimal headmold for each length group.  
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, and those > 150 mm were tagged with a 15-per-
pound headmold.  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).  All 
marked fish were released to continue their downstream migration after recovering from 
anesthesia in an instream holding pen. 

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 10,440 to 12,480 depending on the number of tags 
per tag spool.  This resulted in eight tag code groups being released during the emigration. 

Short-term survival and tag retention rates were estimated for juveniles 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 
and tag retention rates were also used to estimate the total number of smolt that survived tagging 
and retained tags after release. 

Sport Fishery in 1996 
The sport harvest in the Kenai River was examined during 1996 to recover tags and determine if 
a representative sample of smolt was marked in 1995.  Sport fishing for coho salmon occurs 
throughout the Kenai River mainstem from its mouth upstream to the outlet of Kenai Lake.  The 
majority of the harvest occurs in the lower 34 km of the river downstream from the Sterling 
Highway bridge in Soldotna.  The fishery occurs primarily during August and September, after 
which harvest and effort decline to low levels.  Only limited spawning occurs in tributaries to this 
section of the mainstem. 

During August and September 1996, coho salmon sport harvested from the lower 34 km of the 
Kenai River were examined for a missing adipose fin.  Daily counts of fish examined and of 
those missing an adipose fin were recorded.  Heads were collected from most adipose-clipped 
fish and shipped to the ADF&G Tag Lab in Juneau.  Some anglers desired trophy mounts or 
entered fish in a salmon derby contest; heads were not recovered in these cases.  Examined fish 
were marked by punching a hole in the caudal fin to avoid examining fish twice. 

Examining fish harvested in the lower 34 km of the mainstem Kenai River provided the best 
opportunity to examine a representative sample of the adult return.  Because a creel survey was 
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not conducted in 1996, it is not known if the sport harvest samples were temporally proportional 
to the sport harvest.  Therefore, to estimate the marked fraction of the return, it must be assumed 
that the sport harvest from this river section was representative of the return.  This is likely a 
valid assumption because of the wide distribution of angler effort (both spatially and temporally) 
and because estimates of catch and harvest are nearly identical (Hammarstrom 1992; Schwager-
King 1993) indicating that the sport fishery is non-selective.  The validity of this assumption, 
however, has not been directly tested. 

Commercial Fishery in 1996 
Upper Cook Inlet commercial fisheries typically harvest coho salmon between late June and early 
September. The fisheries are managed primarily for sockeye salmon O. nerka through various 
combinations of time and area restrictions.  Fishery management guidelines for all species are 
described in the Upper Cook Inlet Salmon Management Plan; 1996 management actions are 
documented by Ruesch and Fox (1997). 

Fisheries selected for sampling during 1996 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 harvest (Ruesch and Fox 1995).  Northern District 
fisheries typically harvest less than a few hundred coho salmon of Kenai River origin (Carlon and 
Hasbrouck 1994, 1996, 1997), but were sampled to estimate the harvest of hatchery-produced 
coho salmon stocked in Northern District streams (Cyr et al. In prep).  In 1996, both the drift 
gillnet and eastside set gillnet fishing seasons opened on June 28.  The drift gillnet harvest was 
examined until the fishery closed on August 9 and the eastside set gillnet harvest was examined 
until the fishery closed on August 12.  Northern District harvests were examined until harvests 
declined to low levels in early September.  Harvests in other UCI commercial fisheries were 
sampled incidentally throughout the season. 

Coho salmon harvested in commercial fisheries were examined at processing plants, buying 
stations, and aboard tenders 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 was known for set gillnet harvests.  Drift gillnet 
harvests were typically a mixture of fish from multiple statistical areas. 

DATA ANALYSIS 
Several steps were required to estimate smolt production and commercial harvest of coho salmon 
of Kenai River origin.  These were:  (1) estimate the number of smolt marked in 1995 that 
survived and retained a coded wire tag, (2) test the hypothesis that the proportion of marked 
adults observed inriver in 1996 did not change over time, (3) estimate the marked proportion of 
the adult return in 1996, and (4) estimate smolt production in 1995 and commercial harvest for 
the two Central District commercial fisheries of interest in 1996. 

Juvenile Marking in 1995 
Short-term mortality and tag loss were estimated to determine the total number of viable, tagged 
smolt released in 1995.  Short-term survival and tag retention for smolt marked during each shift 
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were estimated from a random sample of about 200 marked smolt that were detained in holding 
pens for 18 to 24 hours after marking.  Short-term survival rate ( ks ) for smolt marked and 
released during marking shift k was estimated as the fraction of smolt that survived detainment. 

Short-term tag retention rate ( kb ) 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 )m( k�  was adjusted to account 
for short-term survival and tag retention as: 

kkkk b̂ŝmm̂ �� . (1)

The total number of smolt marked with a tag at the Moose River in 1995 was estimated by 
summing the individual estimates for each marking shift over the entire smolt emigration.  
Because nearly all fish were estimated to have survived and retained the tag, the number of 
marked smolt in the population is considered fixed )mm( � . 

Estimating the Proportion of the Cohort Bearing Marks in 1996 
Estimating the commercial harvest of coho salmon of Kenai River origin in 1996 required 
estimating the proportion of the return marked with coded wire tags.  This proportion was 
unknown at the time of smolt marking in 1995, but was estimated when adults returned in 1996 
by examining the inriver sport harvest.  The proportion gy of the inriver sport harvest missing an 
adipose fin during each weekly interval g was estimated as the fraction of a sample missing that 
fin. 

The proportion gc  of the heads collected during each interval that contained a tag implanted at 
the Moose River in 1995 was estimated as the fraction of heads that reached the CWT tag lab 
that contained a tag. 

A chi-square statistic was used to test the hypothesis that the proportion missing an adipose fin 
did not change over time and to test the hypothesis that the proportion of fish of Moose River 
origin did not change over time (� = 0.05).  Failure to reject these hypotheses confirm that 
marked adults were representative of the return and combining the inriver recovery data over all 
intervals to estimate the overall proportions ŷ  and ĉ  for the cohort would be appropriate.  The 
overall marked proportion (� ) could then be estimated as the product of ŷ  and ĉ . 

Estimation and hypothesis testing was therefore a two-step process.  The first step involved 
examining the inriver sport harvest to estimate the proportion of the return that was missing an 
adipose fin.  The second step involved decoding tags from heads collected from the sport fishery.  
The estimated marked proportion ( �̂ ) therefore accounts for heads that were not collected from 
coho salmon missing their adipose fin. 

Marking smolt in 1995 and inriver sampling of marked adults in 1996 also provided data to 
estimate the number of smolt that emigrated from the Kenai River in 1995 with the Chapman 
modified Lincoln-Petersen model (Seber 1982): 

1
)1R(

)1C)(1M(N̂ �

�

��

� , (2)
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where: 

M = the number of marked smolt emigrating with a coded wire tag in 1995, 

C = the number of adult coho salmon examined for a missing adipose fin in the 1996 sport 
harvest, and 

R = the number of adult coho salmon recovered from the 1996 sport harvest that were 
marked at the Moose River in 1995. 

The variance was estimated by: 

22 )2R()1R(
)RC)(RM)(1C)(1M()N̂(v

��

����

� . (3)

This model produces unbiased estimates of abundance if: 

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 1995,  

2. all juveniles marked at the Moose River in 1995 were actually smolt,  

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

4. tag code and release location were correctly determined for all fish observed with a missing 
adipose fin in the sport harvest, and  

5. no tags were lost between the mark and recovery events. 

The relationship between the return timing of marked adults and the time of smolt marking was 
investigated as an additional indicator of mixing between the release and recovery events.  
Dependence between adult return timing and time of tagging as smolt would indicate that little or 
no mixing occurred after tagging.  A chi-square statistic was used to test for independence 
between adult return timing in 1996 and time of smolt marking in 1995.  The hypothesis was 
tested at � = 0.05 with recoveries divided into tag code groups representing the first 50% of the 
smolt marked (May 20-June 3, 1995) and the second 50% of the smolt marked (June 5-June 10, 
1995).  The distributions of recoveries of these two groups were compared among 2-week 
intervals during the adult return in August and September 1996. 

The remaining four assumptions likely hold.  Previous experience and observations indicate most 
juveniles marked at the Moose River each year are smolt and, although some long-term tag loss 
occurs each year, it has been less than 3% (Carlon and Hasbrouck 1996, 1997).  There are no 
indications that survival and catchability differ between marked and unmarked fish or that 
problems exist in correctly recording release or recovery data. 

Commercial Harvest Estimates 
Estimates of commercial harvest of coho salmon of Kenai River origin were stratified by date 
(fishing period).  The eastside set gillnet harvest was additionally stratified by statistical area.  
The drift gillnet harvest was not stratified by area because sampled fish were often a mixture of 
the harvest from more than one statistical area.  The total harvest of Kenai River coho salmon in 
each fishery was estimated by summing estimates of each stratum.  Because strata were 
considered independent, the variance of total harvest was calculated by summing strata variances.  
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Daily estimates also provided useful temporal trend information.  The Commercial Fish 
Ticketing System managed by the ADF&G, Commercial Fisheries Management and 
Development (CFMD) Division provided the commercial harvest by fishery, date, and statistical 
area. 

Commercial harvest of coho salmon of Kenai River origin was estimated; total harvest, number 
examined for marks, and number of coded wire tags (CWTs) recovered were considered known.  
The proportion of the return bearing marks was estimated by sampling the inriver sport harvest of 
returning adults.  The harvest of coho salmon from the Kenai River in each commercial fishery 
stratum i was estimated by (Bernard and Clark 1996): 

i
1

i
ii

i1
ii p̂ˆN

n
mˆNr̂ �� ����

�

�
��
�

�

	
�� , (4) 

where: 

Ni = total number of coho salmon harvested in stratum i, 

� = proportion of the 1996 Kenai River return marked with CWTs, 

mi = number of decoded CWTs recovered in commercial fishery stratum i, 

ni = number of fish harvested during stratum i and examined for a missing adipose fin, 

ii

'
i

'
i

i ta
ta

�� = the decoding rate of CWTs for marked fish recovered from stratum i, 

ai = number of heads collected in stratum i from fish with a missing adipose fin, 

a�i = number of heads collected in stratum i that arrive at the Tag Lab, 

ti = number of heads in stratum i with CWTs detected, and 

t�i = number of CWTs found and decoded. 

This estimator is statistically unbiased when sampling is from a simple random or pseudo-
random process (Clark and Bernard 1987).  When the proportion marked is estimated the large-
sample approximation of the variance of commercial harvest is (Bernard and Clark 1996): 

� � � �)ˆ(G)p̂(G)ˆ(G)p̂(Gr̂r̂v 1
i

1
i

2
ii
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Although the number of fish harvested is estimated by commercial processors as a product of 
pounds purchased and average weight per fish, the overall variance of the number harvested is 
considered small because the entire harvest is weighed.  Therefore, the number of coho salmon 
harvested by fishery was considered a known constant, not an estimate.  The variance component 
associated with estimated average weight is not known and is not included in the variance 
associated with 1996 harvest estimates.  The extent of this variance component could be 
measured in the future based on data collected by ADF&G harvest sampling personnel. 

Harvest estimates were based on sample data pooled among processors.  Bias associated with this 
pooling is probably insignificant because of the similarity of the marked proportion among 
intensively sampled processors (Figure 5).  The proportion bearing 1995 Moose River tags 
ranged from 0.002 to 0.006 for intensively sampled processors of the drift harvest.  Among 
intensively sampled processors of the eastside set gillnet harvest, the proportion ranged from 
0.014 to 0.086.  Only at eastside set gillnet harvest processor “H” was the marked proportion 
outside this range.  This was probably because of the small number of fish examined there.  
Therefore, pooling data among processors in 1996 should improve precision of harvest estimates 
without introducing significant bias. 

The harvest occurring on unsampled days was incorporated by combining the harvest on the 
unsampled date with the harvest occurring on the nearest sampled date.  Accounting for 
unsampled dates in this way allows for comparisons of total harvest estimates among years 
regardless of unsampled dates. 

RESULTS 
JUVENILE MARKING IN 1995 
Smolt were marked with coded wire tags and adipose finclips as they emigrated from the Moose 
River during May 20 through June 9, 1995 (Appendix A1).  An estimated 94,535 of the 94,995 
marked smolt survived and retained tags based on estimates of short-term survival (99.8%) and 
tag retention (99.7%). 

SPORT FISHERY IN 1996 
Sampling and Mark Recovery 
From August 1 through September 29, 1996, 3,687 sport-harvested coho salmon were examined 
(Table 1 and Appendix A2).  Heads were recovered from 515 (67%) of the 765 adipose-clipped 
adults observed.  Of the 515 heads processed at the Tag Lab, 504 (98%) were marked as smolt at 
the Moose River in 1995.  Tags were missing from nine (2%) of the recovered heads.  The 
remaining 2 recoveries from the sport harvest included 1 fish tagged at the Moose River during 
1996 and 1 fish from which the recovered tag was lost before it could be decoded.  An additional 
12 coho salmon heads were voluntarily delivered by anglers to department personnel.  All 12 fish 
were tagged at the Moose River in 1995. 

Proportion of the Cohort Bearing Marks 
Due to declining harvest and fishing effort after mid-September, only 107 fish were examined 
after September 15 and only two were examined after September 24.  From August 1 through 
September 24, the proportion of adipose-clipped fish in the sport harvest differed significantly 
(�2 = 45.6, df = 7, P < 0.001) among weekly intervals.  The detection of a significant difference 
in the marked proportion among weeks was due mostly to large sample sizes and the resultant 
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Table 1.-Sources of marked coho salmon adults recovered at random from the Kenai 
River sport harvest by week, August through September, 1996. 

Marked Marked Source = Other Sources
Number Fish Fish Moose R. CWT Moose R.

Period (g) Examined Observed yg 
a Recovered 1995 cg 

b
�g Missing 1996

8/01-8/07 472 63 0.133 45 44 0.978 0.131 1 0
8/08-8/14 613 104 0.170 82 80 0.976 0.166 2 0
8/15-8/21 538 100 0.186 65 63 0.969 0.180 1 1
8/22-8/28 557 138 0.248 84 83 0.988 0.245 1 0
8/29-9/04 580 150 0.259 99 97 0.980 0.253 2 0
9/05-9/11 c 600 146 0.243 100 98 0.980 0.238 1 0
9/12-9/18 254 55 0.217 34 34 1.000 0.217 0 0
9/19-9/29 d 73 9 0.123 6 5 0.833 0.103 1 0

Grand 3,687 765 0.207 515 504 0.979 0.203 9 1
 

a Proportion of examined fish that were found with an adipose clip mark. 
b Proportion of marked fish recovered that were originally marked at the Moose River in 1995 

based on recovery of the coded wire tag. 
c One of the coded wire tags recovered on 9/06/96 was unreadable. 
d Sport fishing effort and harvest was minimal presumably due to low angler harvest rates.  

Among the few anglers present only 73 fish were examined during this period. 
 

statistical power to detect small changes.  The actual variation in the marked proportion observed 
among weeks appeared relatively small (Figure 6).  Therefore, pooling the inriver sample data to 
estimate the marked proportion should not result in considerable bias in commercial harvest 
estimates. 

The estimated marked proportion ( �̂ ) of the 1996 adult return to the Kenai River was 0.203 
[V( 1ˆ �� ) = 0.0427].  The minimum weekly marked proportion measured was 0.131 (Table 1).  
This represented the maximum difference (35%) among weeks from the pooled estimate.  
Additional analysis, described in the Discussion section of this report, was conducted to explore 
potential bias in estimates of commercial harvest associated with this range in the weekly marked 
proportion. 

Smolt Estimate in 1995 
The return timing of adults in 1996 was independent of time of marking as smolt at the Moose 
River in 1995 (�2 = 5.25, df = 2, P = 0.07) (Appendix A3) and all tag codes released at the 
Moose River were observed in the adult return.  This indicates that mixing of marked and 
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unmarked fish occurred between the release and recovery events and smolt abundance could be 
estimated.  Based on the number of marked smolt released at the Moose River in 1995 (94,535), 
the number of adult coho salmon examined for marks in the Kenai River sport harvest in 1996 
(3,687), and the estimated number of tagged adults in the sample of adipose-clipped fish found in 
1996 (749), an estimated 465,075 (SE = 15,091) smolt emigrated from the Kenai River in 1995. 

COMMERCIAL FISHERIES IN 1996 
General inlet-wide sampling is summarized to add perspective and to document the recovery of 
marked coho salmon of Kenai River origin in other areas of Cook Inlet.  Commercial fishery 
sampling is summarized in detail for the target fisheries of the Central District (drift and eastside 
set). Additional details of 1996 Northern District sampling efforts and recoveries of hatchery 
produced coho salmon are documented in a companion report (Cyr et al. In prep). 

Inlet-Wide Fisheries 
In 1996, 321,411 coho salmon were harvested in commercial fisheries of UCI (Table 2).  This 
harvest was 36% less than the average of the last 10 years (Ruesch and Fox 1997).  About 75% 
of the 1996 UCI commercial harvest was taken in Central District fisheries (Figure 7).  The 
greatest harvest occurred in the drift gillnet fishery of the Central District (53%), followed by the 
set gillnet fishery on the west side of the Northern District (14%) and the Central District eastside 
set gillnet fishery (13%).  The other seven fisheries accounted for 20% of the total harvest. 

Of the inlet-wide harvest, 110,190 fish (34%) were examined for adipose clips.  Adipose-clipped 
fish were found in all sampled fisheries.  Exact fishery or statistical area of harvest could not be 
identified for 10,287 examined fish (Appendix A4); these fish were not used to calculate harvest 
estimates.  The other 99,903 examined fish were positively assigned to fishery strata (Appendix 
A5).  Of these, 3,741 (4%) were missing the adipose fin and heads were collected from 3,709  of 
the fish.  Of the 3,709 heads recovered, 230 (6%) had no tag and 4 tags were not decodable.  All 
but one of the 3,475 decodable tags were from hatchery-produced fish released as juveniles in 
Cook Inlet or from juveniles marked within the Kenai River drainage.  The one exception was a 
coho salmon raised at the Medvejie Hatchery in Southeast, Alaska (near Sitka) and released in 
Deep Inlet (Statistical Area 113-41, also near Sitka).   

Of the 3,475 decodable tags recovered from adults commercially harvested from known fishery 
strata, a total of 574 (16%) were tags used at the Kenai River.  All 574 were originally implanted 
in smolt marked at the Moose River in 1995.  Most (99%) of the Moose River tags were 
recovered from Central District fisheries with only three Moose River tags recovered in Northern 
District fisheries. 

Central District Drift Gillnet Fishery 
The Central District drift gillnet fishery harvest was sampled during most openings between 
July 1 and August 9 (Figure 8, Appendix A5).  Overall, 24% of the harvest was examined 
(Table 2).  The harvest occurring on days not sampled accounted for 2% of the total harvest. 

The first recoveries of fish tagged at Moose River occurred on July 12, 12 days after sampling 
began.  Coho salmon marked at the Moose River were recovered on all but one sampled day 
(July 21) between July 12 and August 9.  Of all fish examined, 0.4% had been marked as smolt at 
the Moose River in 1995. 
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Central District Eastside Set Gillnet Fishery 
The Central District eastside set gillnet fishery harvest was sampled during most fishing periods 
from July 12 through the last day of the fishery on August 12 (Figure 9, Appendix A5).  Overall, 
17% of the harvest was examined (Table 2).  About 20% of the harvest was examined in areas 
244-22 and 244-40 while about 14% was examined in both 244-21 and 244-30.  The harvest 
occurring on days not sampled accounted for 9% of the total harvest.  Among statistical areas, 
small portions of the harvest (1.0% to 4.4%) were not examined early in the season (Figure 10).  
The portion of the harvest occurring on days not sampled ranged from 14% to 22% among 
statistical areas. 

Coho salmon marked at the Moose River in 1995 were recovered from all four statistical areas in 
1996.  The first recovery of Moose River marks occurred on July 15 in statistical areas 244-22 
and 244-40, on July 17 in statistical area 244-21, and on July 25 in statistical area 244-30.  The 
portions of fish examined in 1996 that had been marked as smolt at the Moose River in 1995 
were 9%, 6%, 5%, and 5% for statistical areas 244-21, 244-22, 244-30, and 244-40, respectively. 

Commercial Harvest Estimates 
An estimated 2,671 (SE = 235) coho salmon of Kenai River origin were harvested by the drift 
gillnet fishery and 11,856 (SE = 871) by the eastside set gillnet fishery, for a total of 14,527 (SE 
= 902) during 1996 (Tables 3 and 4).  Coho salmon of Kenai River origin comprised 2% of the 
total drift gillnet harvest and 29% of the total eastside set gillnet harvest in 1996. 

The harvest occurring in the drift gillnet fishery before the first coho salmon from the Kenai 
River were detected on July 12 was 12% (20,925 coho salmon) of the total harvest.  Over 96% of 
the harvest of coho salmon of Kenai River origin occurred during the 3-week period between 
July 16 and the last open fishing period on August 9.  There was a temporal increase in the 
portion of the harvest comprising Kenai River fish (Figure 11).  Although the greatest 
proportional contribution (nearly 8%) occurred during the last week of July through the end of 
the fishery on August 9, the greatest absolute harvest occurred during the last week of July. 

The harvest occurring in the eastside set gillnet fishery before the first coho salmon from the 
Kenai River were detected on July 15 was 6% (2,262 coho salmon) of the total harvest.  Coho 
salmon from the Kenai River made up a greater portion of the harvest later in the season than 
earlier although there was no consistent temporal trend among all statistical areas (Figure 12). 

The greatest absolute harvest of coho salmon of Kenai River origin occurred during the last week 
of July in the southernmost two statistical areas and during the first week of August in the 
northernmost two statistical areas. 

The total harvest of coho salmon was similar among the three southernmost statistical areas 
while the harvest in the northernmost statistical area was nearly double that occurring in the 
others (Figure 13).  However, from the southernmost statistical area to the northernmost, there 
was a general decreasing trend in the portion of the harvest composed of coho salmon from the 
Kenai River (Figure 13) resulting in a similar absolute harvest of this population among all four 
statistical areas. 
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Table 3.-Estimated harvest � �r̂ and associated variance � �� �r̂V̂  of coho salmon of Kenai 
River origin in the commercial drift gillnet fishery of the Central District of Upper Cook 
Inlet during selected time periods, 1996. 

Estimated Harvest Variance of
Total of Coho Salmon of Percent of Harvest Relative

Period Harvest Kenai River Origin Total Harvest Estimate Precision

6/26 - 7/08 18,706 0 0.0% 0
7/09 - 7/15 59,336 100 0.2% 2,482 97.9%
7/16 - 7/22 68,488 663 1.0% 12,573 33.2%
7/23 - 7/29 18,054 1,391 7.7% 20,910 20.4%
7/30 - 8/09 6,777 518 7.6% 19,400 52.8%

Total 171,361 2,672 1.6% 55,365 17.3%
 

 

DISCUSSION 
COMMERCIAL HARVEST ESTIMATES  
The estimated commercial harvest of coho salmon of Kenai River origin remains low, especially 
given the proximity of fishing effort to the mouth of the river and given that the range in total 
harvest in these fisheries was over 200,000 fish among years.  The 1996 combined drift and 
eastside set gillnet harvest of 14,527 coho salmon of Kenai River origin was actually below the 
1993-1995 average of about 18,000 fish.  The lower harvest was likely due in part to the 
shortened drift gillnetting season; a new regulation ended the fishery on August 9 as compared to 
August 15 during previous years.  

For both fisheries, the portion of the total harvest comprised of Kenai River fish changed little  
among years (Figure 14).  In all 4 years, Kenai River fish were a minority of the total harvest.  
The similarity among years is noteworthy because these are mixed-population, mixed-species 
fisheries with management actions differing substantially among years.  Despite these 
similarities, it is too early to conclude that the Kenai River contribution to the harvest is 
consistently low.  Additional estimates of the population-specific commercial harvest are 
necessary to provide insight into the variability of the commercial harvest of coho salmon bound 
for the Kenai River. 

Accurate estimates of the commercial harvest of coho salmon bound for the Kenai River depend 
on an accurate estimate of the marked proportion of adults as they migrate through commercial 
harvest areas.  That marked proportion was estimated by pooling all inriver observations of 
marked and unmarked fish even though a statistical difference in the marked proportion was 
detected among weeks.  Pooling all inriver sampling data may produce a biased estimate of the 
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marked proportion passing through the commercial fisheries and, therefore, biased estimates of 
commercial harvest. 

It is currently not possible to apply temporally variable inriver marked proportions to specific 
commercial fishing periods by adjusting for migration rates.  Migratory behaviors of coho 
salmon bound for the Kenai River, such as rates or routes through Cook Inlet, are unknown.  It is 
also likely that rates and approach routes vary annually.  Therefore, in the absence of radical 
trends or major fluctuations in the marked proportion measured inriver in 1996, commercial 
harvests were estimated based on the inriver pooled marked proportion. 

To determine the potential bias in commercial harvest estimates associated with pooling inriver 
observations, we performed a sensitivity analysis (Table 5).  Three sets of commercial harvest 
estimates were calculated and examined for practical differences.  Estimates were generated 
using the pooled (0.203), the minimum (0.131), and the maximum (0.253) marked proportions 
observed in the sport harvest during weekly intervals.  The resulting minimum and maximum 
harvest estimates can therefore be considered lower and upper bounds for bias, respectively, and 
represent a worst-case scenario.  The resulting minimum and maximum harvest estimates 
differed from the pooled estimate by 20% and 56%, respectively.  The maximum difference from 
the pooled estimates represented 1% of the total drift gillnet harvest and 16% of the total eastside 
set gillnet harvest.  Also, minimum harvest estimates were often within, or only a few hundred 
fish different than, the lower bound of the 95% confidence interval associated with estimates 
based on pooled inriver data.  Based on this analysis, point estimates as presented in this report 
are considered practical for current management and research needs; biases in estimates of 
commercial harvest associated with pooling are assumed minor. 

TOTAL HARVEST OF KENAI RIVER COHO SALMON:  1993 THROUGH 1995 
Available estimates of harvest of coho salmon of Kenai River origin and estimates of smolt 
abundance indicate a conservation concern for the coho salmon resource of the Kenai River.  The 
estimate of about 465,000 smolt in 1995 is the lowest of the four estimates available (Figure 15).  
Total estimated harvest (sport, commercial, personal use, and subsistence) in 1993, 1994, and 
1995 was about 60,000, 118,000, and 68,000 coho salmon, respectively.  The 1994 estimate of 
118,000 fish demonstrates the substantial harvest potential of existing fisheries.  If an average 
total harvest of 81,000 occurs during a return produced from a smolt abundance of 465,000, an 
extremely high exploitation rate (0.87) would occur, given a marine survival rate for smolt of 
about 0.20, an average survival rate documented for wild coho salmon populations in Alaska’s 
Taku River (McPherson et al. 1994; McPherson and Bernard 1995).  Because of the great harvest 
potential among existing fisheries, the unknown relationship between harvest and smolt 
abundance, and the relative decline in production to 465,000 smolt, the department has 
recommended conservative actions. 

In March 1997, the department presented a review of existing smolt and total harvest information 
to the Alaska Board of Fisheries (BOF) (Carlon Unpublished a).  Based on that review, the BOF 
recognized the potential threat to sustainability of current harvest levels and adopted conservative 
regulations in the form of a new management plan for the Kenai River coho salmon resource 
(Appendix A6). 

 



 

 

Table 5.-Sensitivity of commercial harvest estimates to maximum variations in the marked proportion of coho salmon 
observed in the Kenai River sport harvest in 1996. 

Pooled Marked
Proportion Minimum Observed Marked Proportion Maximum Observed Marked Proportion

(0.203) (0.131) b (0.253)

Cental District 
Fishery

Total 
Harvest

Estimated 
Harvest a

Estimated 
Harvest a

Difference 
from Pooled

% Difference 
from Pooled

Difference from 
Pooled as % of 
Total Harvest

Estimated 
Harvest a

Difference 
from Pooled

% Difference 
from Pooled

Difference from 
Pooled as % of 
Total Harvest

Drift 171,361 2,671 4,165 1,494 56% 1% 2,145 526 20% 0.3%

244-21 8,404 3,989 6,220 2,230 56% 27% 3,203 786 20% 9%

244-22 7,644 2,330 3,633 1,303 56% 17% 1,871 459 20% 6%

244-30 7,595 2,384 3,716 1,333 56% 18% 1,914 470 20% 6%

244-40 16,905 3,153 4,916 1,763 56% 10% 2,532 621 20% 4%

East Side Total 40,548 11,856 18,485 6,629 56% 16% 9,520 2,336 20% 6%

Drift + East Side 211,909 14,527 22,650 8,122 56% 4% 11,665 2,862 20% 1%

 
a Kenai River population-specific harvest estimate. 
b The minimum marked proportion of 0.106 occurring during the week of 9/19/96 was not used 

in this sensitivity test due to the small sample size. 
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Figure 15.-Estimates of coho salmon smolt abundance in the Kenai River, 1992-1995. 

 

 

SMOLT ESTIMATES 
The estimated 465,000 smolt emigrating from the Kenai River in 1995 was 44% less than the 
average emigration of 829,000 smolt from 1992 through 1994 (Carlon and Hasbrouck 1994, 
1996, 1997).  Factors influencing the reduction are unknown.  Because total inriver return of 
coho salmon is not assessed, estimating spawning escapement, exploitation rate of adults, 
juvenile production, or smolt-to-adult survival is not possible at present. The decline may be due 
to harvests alone or may reflect interactions among harvest, variable freshwater production, and 
variable smolt-to-adult survival.  Although the relative decline in smolt abundance has already 
prompted short-term, conservative management actions, a commitment to estimating smolt 
abundance is necessary to develop specific, long-term management strategies. 

COMMERCIAL FISHERY INFORMATION 
The drift gillnet fishery appears to harvest few coho salmon of Kenai River origin prior to about 
mid-July.  Most (96%) of the harvest of the Kenai River population occurred during the latter 
half of July and the first week of August.   Over 45% of the total coho salmon harvest by the drift 
gillnet fishery occurred before this period.  This harvest timing pattern was similar to that 
observed in 1993 through 1995 (Carlon and Hasbrouck 1994, 1996, 1997). 

A harvest timing pattern was also detected in the eastside set gillnet fishery in 1996.  Most of the 
total harvest and most (92%) of the harvest of Kenai River-bound fish occurred during the last 
week of July and the first 2 weeks of August.  About 27% of the total harvest occurred prior to  
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the last week of July.  In 1993, 1994, and 1995, the timing was somewhat later, with most of the 
harvest of Kenai River-bound fish occurring during the first 2 weeks of August (Carlon and 
Hasbrouck 1996, 1997). 

The geographic distribution of the harvest of Kenai River-bound coho salmon among the four 
statistical areas of the eastside set gillnet fishery was similar to that observed in previous years 
(Carlon and Hasbrouck 1994, 1996, 1997).  Although the proportion of the harvest composed of 
the Kenai River population generally decreased from south to north, the population-specific 
harvest was similar among the four areas.  No one statistical area accounted for a majority of the 
harvest of the Kenai River population. 

An inseason management action commonly used by CFMD Division staff (Paul Ruesch, Alaska 
Department of Fish and Game, Soldotna, personal communication) to achieve goals of the Upper 
Cook Inlet Salmon Management Plan is to restrict drift gillnet fishing to a zone within 3 miles of 
most of the eastern shore of the Central District (Figure 16).  The drift gillnet fleet is restricted to 
various portions of this zone, commonly referred to as “the corridor,” at selected times to 
minimize the harvest of salmon populations migrating off shore while providing fishing 
opportunity and harvest of populations migrating near shore. 

In 1996 and previous study years (Carlon and Hasbrouck 1994, 1996, 1997), total harvest of coho 
salmon was substantially lower during fishing periods restricted to the corridor than during 
district-wide periods (Figure 17).  In addition, corridor fishing has not accounted for a majority of 
the harvest of coho salmon of Kenai River origin in the drift gillnet fishery between 1993 and 
1996.  The estimated harvest of coho salmon from the Kenai River during corridor fishing 
periods has always been less than during district-wide periods occurring on nearby dates (Figure 
18).  Through 1995, a low percentage (range 10%-17%) of the harvest of coho salmon from the 
Kenai River occurred on days when drift gillnetting was restricted to the corridor.  In 1996, 
nearly 40% occurred during corridor openings because of the greater frequency of corridor 
fishing relative to previous years. 

PROJECT DESIGN CONSIDERATIONS  
Harvest Sampling 
Estimates of the 1996 commercial harvest of coho salmon from the Kenai River were within the 
desired relative precision of 20%.  This level of precision was attained because of the number of 
smolt marked in 1995 (95,000) and the portion of the commercial harvests examined in 1996 
(24% of the drift harvest and 17% of the eastside set harvest).  Based on sample effort of 
returning adults since 1993, about 20%-25% of the drift gillnet harvest and 15%-20% of the 
eastside set gillnet harvest should be sampled annually to ensure that this level of precision is 
attained.  Maintaining this level of sampling (when 95,000 smolt are marked) should maintain 
adequate precision in harvest estimates and minimize potential sources of bias.  Trends in smolt 
abundance must be monitored because substantial changes in abundance will require changes in 
catch sampling or smolt marking intensity.  The level of inriver sampling achieved annually since 
1993 (about 3,500 to 5,500 fish) is also considered adequate.  The accuracy and precision of 
commercial harvest and smolt abundance estimates were within the desired range (Carlon 
Unpublished b). 
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Assessment Program Supplements 
It is not currently known whether the relative decline in smolt abundance is harvest-induced or of 
an environmental nature.  Monitoring the harvest-smolt relationship to help define a sustainable 
harvest for this population remains a goal of the program, but is considered a long-term approach 
because of the expected variable nature in harvest and smolt production.  The first paired 
estimates of harvest and subsequent smolt production provided by this project will not become 
available until 1997; only four pairs of estimates will be available by the year 2000.  It is unlikely 
that four pairs of estimates will provide enough information to define sustainable yield. 

A more comprehensive research program is therefore recommended to supplement this long-term 
approach.  The recommended program includes continuing projects to estimate commercial 
harvest, sport and personal-use harvests, and smolt production.  In addition, feasibility studies 
should be initiated immediately to test our ability to determine the following: 

1. population exploitation rate,  

2. spawning escapements through ground survey counts, and  

3. genetic composition. 

These supplements are considered complimentary to each other and to existing program 
components.  Parallel development of new project components is an attempt to develop a more 
robust program that can provide useful information if one or more program components fail and 
to provide a comprehensive package of information if all succeed.  Information from all program 
components should result in a synergy of information and, therefore, a better perspective with 
which to interpret all results. 

Estimates of exploitation (1) would provide some perspective for interpreting the harvest-smolt 
relationship.  For example, extremely low exploitation rates corresponding to declining smolt 
production would indicate that factors other than harvest are responsible for the decline. 

Spawning ground surveys (2) provide minimum estimates of escapement.  Because escapement 
is unknown at present, minimum estimates would provide maximum estimates of exploitation.  
Maximum estimates of exploitation that were within acceptable levels would indicate that 
immediate and extreme management actions may not be necessary. 

Spawning groups identified in  such ground surveys should be examined for genetic composition 
(3).  The conservative regulatory response recently adopted by the BOF treated the drainage-wide 
smolt population as a single unit because the response was based on a decline in total smolt 
abundance.  Observations and studies (Booth 1990) indicate that the population is composed of 
isolated groups rather than a globally adapted, single group.  Coho salmon exhibit a protracted 
spawning period in the Kenai River and spawning groups have been observed in disparate areas 
within the drainage.  The degree of genetic isolation among groups would provide population 
structure information and, therefore, a more informed definition of the appropriate management 
unit for this population.   Because genetic assay techniques have not been applied to coho salmon 
in the Kenai River, a feasibility approach should be initiated immediately to ensure that genetic 
information is available when other program supplements begin to yield information. 
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RECOMMENDATIONS 
1. Continue estimating total harvest and smolt abundance of coho salmon of Kenai River 

origin. 

The long-term relationship between total annual fishing mortality and smolt abundance 
should be monitored to determine if harvest levels are influencing smolt production.  This is 
the current approach to assessing the status of the population. 

2 A comprehensive research program should be considered. 

Parallel development of new project elements is an attempt to provide more comprehensive 
resource information on which to base management objectives and to develop a robust 
program that can provide useful information if one or more approaches fail.  New project 
elements that should be considered are: 

1.  estimating population exploitation rate,  

2.  ground surveys to identify and count spawning groups, and  

3.  genetic assay to determine if isolation exists within the population. 

3. Determine if a relationship exists between harvest of coho salmon and timing of fishery 
area closures in the eastside set gillnet fishery. 

Information provided by this assessment program illustrated the relationship between the 
harvest of coho salmon from the Kenai River and the drift fishery “corridor” management 
strategy.  Tag recovery data collected since 1993 should be examined for its utility in 
illustrating the effect of other management actions on the drift gillnet and eastside set gillnet 
harvests of coho salmon of Kenai River origin. 
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Appendix A6.-Kenai River Coho Salmon Management Plan. 

05 AAC 021.0357 - KENAI RIVER COHO SALMON MANAGEMENT 
PLAN. 

(a)  The purpose of this management plan is to ensure an adequate escapement of coho 
salmon into the Kenai River drainage and to provide management guidelines to the department. 

(b)  Notwithstanding 5 AAC 21.310 and 5 AAC 31.320, in the set gillnet fishery in the Upper 
Subdistrict of the Central District the season shall close following the first regularly scheduled 
fishing period on or after August 10. 

(c)  Notwithstanding any provisions of 5 AAC 56, in the Kenai River drainage 

 (1) coho salmon fishing is prohibited from October 1 through June 30; any coho salmon 
caught must be released immediately without further harm; 

 (2) only unbaited artificial lures may be used in the flowing waters of the Kenai River 
drainage from October 1 through June 30 unless otherwise provided by emergency order under 5 
AC 56.070; 

(3)  from July 31 or the end of the king salmon season, whichever is later, through 
September 30, sport fishing from a vessel that is registered with the Department of Natural 
Resources, Division of Parks, as a guide vessel is restricted as follows: 

(A)  a person who is a guide as defined in 5 AAC 75.995, may not sport fish while 
a client is present or is within the guide’s control or responsibility, except when guiding a client 
with a disability as defined in 5 AAC 61.036; 

(B)  the maximum number of fishing rods that may be operated may not exceed the 
number of clients on board the vessel; 

(C)  downstream from the confluence of the Moose and Kenai Rivers, sport fishing 
on Mondays is prohibited; 

(D)  upstream from the confluence of the Moose and Kenai Rivers, sport fishing 
for coho salmon on Mondays is prohibited; any coho salmon caught must be released 
immediately without further harm. 

(d)  Notwithstanding 5 AAC 77.540, the Kenai River personal use dip net fishery is closed 
after July 31. 

(e)  If the commissioner determines that additional conservation measures are necessary for 
the inriver sport or personal use fisheries, the commissioner may close, by emergency order, the 
season and immediately reopen a season during which any or a combination of the following 
restrictions may be applied: 

(1)  the daily bag and possession limits are two coho salmon; 

(2)  the daily bag and possession limits are one coho salmon; 

(3)  only unbaited artificial lures may be used; 

(4)  fishing time may be reduced; 

(5)  fishing areas may be reduced. 
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(f) The provisions of this section do not apply after December 31, 2002. 

 

 

History - 

Eff. 6/21/97, Register 142 

Authority - 

 AS 16.05.060 

 AS 16.05.251 
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