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ABSTRACT 
The estimated total return of late-run chinook salmon Oncorhynchus tshawytscha to the Kenai River in 1996 was 
66,286 (SE = 1,059) fish.  This estimate does not include fish harvested in the recreational marine fishery near Deep 
Creek, which will be estimated by a postal questionnaire with results available in 1997.  Total harvest in marine 
commercial gillnet fisheries (drift and set), the inriver personal use dip net fishery, and Kenaitze Indian educational 
set gillnet fishery was 12,037 chinook salmon.  The total inriver return of late-run chinook salmon was 54,249 (SE = 
1,059) fish estimated through hydroacoustic techniques and a creel survey of harvest downstream of the sonar 
counter.  In the downstream section (Cook Inlet to the Soldotna Bridge), angler effort and harvest estimated from a 
creel survey were 238,495 (SE = 7,285) angler-hours and 5,984 (SE = 404) chinook salmon, respectively. 

Release mortality from the inriver fishery upstream of the sonar counter was an estimated 64 (SE = 50) chinook 
salmon.  Spawning escapement, which was estimated by subtracting total fishing mortality from total inriver return, 
was 48,054 (SE = 1,126) chinook salmon and exceeded the optimum spawning escapement of 22,300 stipulated in 
the management plan.  The predominant age class of the commercial harvest, inriver return, and recreational harvest 
was age-1.4 fish. 

Migratory timing models were used to project spawning escapement during the 1996 fishery.  No additional 
restrictions to the fishery were required to achieve escapement goals.  A relatively strong return allowed for an 
additional 4 days of recreational fishing in August. 

Production from the 1984-1988 broods ranged from 0.98 to 2.13 returning fish per spawner.  Production from the 
1989 brood has been 2.26 returning fish per spawner, with age 8 to return in 1997.  Production from the 1990 brood 
has been 2.09 returning fish per spawner, with ages 7 and 8 to return in 1997 and 1998, respectively. 

Based on a sibling model, the forecast for the 1997 late-run return to the Kenai River is 120,514 (SE = 32,788) 
chinook salmon. 

Key words: Kenai River, chinook salmon, Oncorhynchus tshawytscha, late run, creel survey, effort, harvest, 
migratory timing, sibling ratios, brood tables, sonar, forecast. 

INTRODUCTION 
The largest freshwater recreational fishery in 
Alaska occurs in the Kenai River with an 
average of nearly 350,000 angler-days of 
effort each year from 1983-1995 (Mills 1984-
1994, Howe et al. 1995 and 1996).  This 
represents approximately 15% of the state's 
recreational fishing effort.  The majority of 
angler effort occurs between the Soldotna 
Bridge and Cook Inlet (Figure 1) and is 
directed primarily at returning chinook 
salmon Oncorhynchus tshawytscha during 
May, June, and July. 

Two stocks of Kenai River chinook salmon 
are recognized:  an early run which enters the 
river from mid-May through June, and a late 
run which enters the river from late June 
through early August (Burger et al. 1985; 
Bendock and Alexandersdottir 1992).  Early-
run fish are destined primarily for tributary 

spawning locations although some mainstem 
spawning also occurs (Burger et al. 1985).  
Late-run fish are destined almost exclusively 
for mainstem spawning locations and are the 
focus of this report. 

Prior to 1970, the recreational fishery in the 
Kenai River comprised shorebased anglers 
targeting sockeye salmon O. nerka in July and 
coho salmon O. kisutch in August and early 
September.  In 1973, anglers began experi-
menting with bouncing brightly colored 
terminal gear along the river bottom from a 
drifting boat.  This technique had been used 
effectively by anglers fishing for chinook 
salmon on rivers in the Pacific Northwest.  It 
proved to be a very effective method for 
catching chinook salmon on the Kenai River, 
and the fishery expanded rapidly (Figure 2). 

As fisheries targeting both the early and late 
runs grew during the early 1980s, concerns 
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Figure 1.-Map of the Kenai River drainage. 

 

about overexploitation were heightened.  In 
1988, the Board of Fisheries (BOF) adopted 
management plans for the early and late 
returns of chinook salmon to the Kenai River 
(McBride et al. 1989).  These plans, which 
have been in effect since 1989, stipulate both 
escapement goals for which the fisheries will 
be managed by the Alaska Department of Fish 
and Game (ADF&G), and the manner in 
which these fisheries will be managed in the 
event of a conservation shortfall (Figure 3; 
Appendix A1). 

Sport fishing regulations for chinook salmon 
in the Kenai River are detailed in the 
management plans, and are now among the 
most restrictive in Alaska.  The recreational 
fishery for late-run chinook salmon on the 
Kenai River is 1 July through 31 July.  Only  
 

the mainstem Kenai River between the outlet 
of Skilak Lake and Cook Inlet (Figure 1) is 
open to fishing for chinook salmon.  The daily 
bag and possession limits are one chinook 
salmon per day greater than 41 cm (16 in) 
total length and a seasonal limit of two 
chinook salmon greater than 41 cm.  Harvest 
of chinook salmon less than 41 cm is limited 
only by the daily bag limit of 10.  An 
amendment to the late-run management plan, 
which went into effect during the 1991 
season, provides for retention of large fish, 
132 cm (52 in) or larger, if hook-and-release 
fishing is imposed (termed "trophy fishing"). 

Since 1983, fishing from boats downstream 
from the outlet of Skilak Lake has been 
prohibited on Mondays in July.  Anyone 
retaining a chinook salmon that is 41 cm in 
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Figure 2.-Historical harvest and effort in 
the recreational fishery for late-run 
chinook salmon, Kenai River, 1974-1996. 

length or greater is prohibited from fishing 
from a boat in the Kenai River for the 
remainder of that day.  Anglers employing 
guides are restricted further:  during July, 
fishing from a guided boat is allowed only 
between 0600 and 1800 hours, and on 
Tuesday through Saturday only. 

Implementation of the management plan 
hinges upon the department's ability to project 
the strength of the current year's return early 
in the season.  A comprehensive stock 
assessment program, which was initiated in 
the mid-1980s in response to the growing 
chinook salmon fisheries, and creel surveys, 
which have been conducted on the Kenai 
River since 1974, are the primary means of 
collecting the data necessary for 
implementing the plans.  The objectives of 
these continuing studies are two-fold:  to 
assess production by estimating harvest and 
abundance by age and inriver returns  

(Hammarstrom and Larson 1986)1; and to 
model run timing, including migratory timing 
estimates of effort, harvest, and abundance.  
Because of the diversity and complexity of 
these studies, results of each study are 
published in separate reports. 

This report compiles statistics for the 1996 
late run, including estimates of inriver return, 
total fishing mortality, and escapement.  The 
estimates are compared to historic data and 
their application to the 1996 return is 
discussed.  Finally, a forecast of the 1997 
return is presented. 

Previous studies of the chinook salmon 
fisheries in the Kenai River include the 
following:  Hammarstrom (1975-1981, 1988-
                                                 
1  To clarify terms, inriver return refers to all fish that are counted 

by sonar in the Kenai River.  Total return refers to all late-run 
Kenai River chinook salmon harvested in Upper Cook Inlet 
marine waters plus the inriver return.  Escapement (fish that 
survive all fisheries and are potential spawners) is estimated by 
subtracting total mortalities from the recreational fishery (harvest 
plus hook-and-release mortalities) from the inriver return. 
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1991, 1992a and b, 1993a and b, 1994a and b, 
1995, 1996); Hammarstrom and Larson 
(1982-1984, 1986); Hammarstrom et al. 
(1985); Conrad and Hammarstrom (1987); 
and King (1995, 1996).  Details of the 1996 
creel survey of the recreational fishery are 
reported by King (1997).  In addition, angler 
effort and harvest by species for the 
recreational fishery were estimated by Mills 
(1979-1994) and Howe et al. (1995, 1996) via 
postseason postal questionnaire.  Rationale for 
the escapement goals and migratory timing 
data to implement the management plans are 
contained in McBride et al. (1989).  Bendock 
and Alexandersdottir (1992) estimated hook-
ing mortality for chinook salmon in Kenai 
River recreational fisheries.  Estimates of total 
return by age were summarized through 1990 
by Sonnichsen and Alexandersdottir (1991) 
and 1991-1995 by Hammarstrom (1992b, 
1993b, 1994b, 1995, 1996). 

SUMMARY OF 
HISTORICAL DATA 

HARVEST AND ESCAPEMENT 
Late-run Kenai River chinook salmon are 
harvested at several locations during their 
spawning migration.  Chinook salmon 
harvested in the marine waters of Cook Inlet 
after 1 July are assumed to be of Kenai River 
origin because chinook salmon of the Kasilof 
River, the only other population of late-run 
chinook salmon in Cook Inlet, are believed to 
be much less abundant than the Kenai River 
population (McBride et al. 1985).  The first 
significant harvest of late-run chinook salmon 
occurs in the recreational marine fishery in the 
vicinity of Deep Creek.  This harvest has been 
estimated by postal questionnaire, the results 
of which are unavailable until the following 
year (Mills 1979-1994; Howe et al. 1995, 
1996).  The estimates do not differentiate 
between early and late runs and thus the 
harvest of late-run fish was estimated based 
on the historical average proportion 

determined by creel surveys conducted onsite 
from 1973-1985 (Hammarstrom 1975-1981; 
Hammarstrom and Larson 1982-1984, 1986; 
Hammarstrom et al. 1985).  In 1994 and 1995, 
Sport Fish Division once again surveyed this 
fishery with an onsite creel survey (McKinley 
1995, 1996).  In 1996, the fishery was 
sampled for age composition and coded-wire-
tag recovery (McKinley In prep).   

Additional harvest occurs in the commercial 
set gillnet fishery along the eastern shore of 
Cook Inlet and to a lesser degree in the 
commercial drift gillnet fishery.  Total 
commercial harvest is determined from sales 
receipts (fish tickets) (ADF&G Unpublished).  
Both of these commercial fisheries target 
sockeye salmon and the chinook salmon 
harvest is bycatch.  The commercial fisheries 
are managed according to the Upper Cook 
Inlet Salmon Management Plan. 

Two single-net educational fisheries for 
members of the Kenaitze Indian tribe and the 
Village of Ninilchik have been authorized 
since 1989 and 1994, respectively, and total 
harvest is reported to the department per the 
terms of the permits. 

Inriver returns have been estimated annually 
since 1984.  Two methods have been 
employed:  a mark-recapture program from 
1984-1990 (Hammarstrom and Larson 1986; 
Conrad and Larson 1987; Conrad 1988; 
Carlon and Alexandersdottir 1989; 
Alexandersdottir and Marsh 1990); and a 
hydroacoustic (sonar) program from 1984-
1995 (Eggers et al. 1995; Burwen and Bosch 
1995a, 1995b, 1996).  Since 1987, sonar has 
been used to estimate the inriver return.  The 
mark-recapture program was last conducted in 
1990.  Since 1984, the inriver return has 
averaged 42,740 chinook salmon. 

The inriver return is sampled to estimate 
abundance by age.  Prior to 1991, scale 
samples were collected from chinook salmon 
captured with large-mesh gillnets during the 
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mark-recapture studies.  Although the mark-
ing program was discontinued in 1991, age, 
sex, and length samples are still collected 
using gillnets (Hammarstrom and Larson 
1986). 

The commercial set gillnet harvest in Cook 
Inlet is sampled for age, sex, and size 
composition by the Commercial Fisheries 
Management and Development Division 
(CFMD) of ADF&G (Waltemyer and Tobias 
1997).  These data provide estimates of the 
numbers of chinook salmon by age, sex, and 
size in the commercial set gillnet, drift gillnet, 
and subsistence gillnet harvests.  Age, sex, 
and size composition of the drift, subsistence, 
and personal use gillnet harvests are assumed 
to be the same as the commercial set gillnet 
harvest because the gear is similar and harvest 
in the subsistence and personal use fisheries is 
relatively minor. 

The age, sex, and size composition of the 
sport harvest in the Kenai River is estimated 
from samples collected during angler 
interviews conducted in the creel survey 
(King 1997). 

Mortality due to hook-and-release fishing on 
late-run fish was estimated to be 13.2% for 
small males (< 750 mm); 5.0% for large 
males (> 750 mm); and 5.0% for females 
(Bendock and Alexandersdottir 1992).  
However, it is not possible to measure the size 
or sex composition of the release component.  
Therefore, a grand average of the estimated 
mortality rates on late-run fish (8.3%) was 
used to estimate hook-and-release mortality 
for this stock.  Because of the higher mortality 
for small males and the tendency of anglers to 
release smaller fish, this approach tends to 
underestimate mortality.  Age, sex, and size 
composition of the fish that were released and 
died was assumed equal to that of the inriver 
return.  This assumption also introduces an 
unknown bias to estimates. 

BROOD AND SIBLING RELATIONSHIPS 
Chinook salmon in the Kenai River are 
managed to achieve optimum sustained 
production.  In 1988, spawning requirements 
were computed to sustain levels of production 
realized during the years 1984 to 1988.  These 
escapement goals were based on limited 
information from the Kenai River and the 
experiences of other researchers working with 
chinook salmon on the west coast of North 
America (McBride et al. 1989).  Total return 
data are being compiled to assess production 
and refine these escapement goals.  A good 
stock-recruit analysis requires data that span 
decades, since one year's return must be 
compared to returns from parent generations 
many years earlier. 

A predictable relationship between 
consecutive-year returns of the same brood 
(i.e. sibling relationships) was established for 
the late run (Sonnichsen and Alexandersdottir 
1991).  As a result, mean sibling ratios (the 
ratio of one age to one or more younger ages 
for a brood) for years with complete return 
data were used to predict returns for 1990-
1996.  By using mean sibling ratios of those 
years for which complete return data are 
available, models were developed to predict 
the returns for 1990-1996 (Sonnichsen and 
Alexandersdottir 1991; Hammarstrom 1992a, 
1993a, 1994a, 1995; 1996, Appendix B1). 

MIGRATORY TIMING 
The following databases were used to 
estimate the annual migratory timing of 
chinook salmon returning to the Kenai River 
during the late run:  (1) inriver return, 
measured by daily gillnet CPUE for 1984 to 
1986 and by daily sonar counts for 1987 to 
1995; and (2) inriver recreational fishery 
statistics including angler effort, harvest, and 
catch for 1984-1995. 

Historic cumulative daily proportions of each 
of these statistics were used to generate 
migratory timing models of each statistic that 
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were applied to the current year's data to 
predict season-end values (McBride et al. 
1989; Appendix B2).  Cumulative daily 
proportions of the inriver return for the years 
1985-1995 were averaged to formulate the 
model (referred to as mean timing model) that 
projected total inriver return for 1996 
(Appendix C1).  Although other models have 
been evaluated (Hammarstrom 1994b), the 
mean timing model has been the most 
consistent and was utilized in 1996.   

Cumulative daily proportions of recreational 
effort, harvest, and catch for the years 1984-
1995 were used to generate the model that 
projected harvest and catch for 1996 
(Appendices C2-C7). 

Projected end-of-season escapement was the 
difference between the projected end-of-
season inriver return and the projected end-of-
season mortality (harvest plus hook-and-
release mortality) which was updated daily 
throughout the season. 

ASSESSMENT OF THE 1996 
LATE RETURN OF 

CHINOOK SALMON TO 
THE KENAI RIVER 

EFFORT AND HARVEST OF LATE-RUN 
CHINOOK SALMON 
Estimates of harvest from the 1996 
recreational marine fishery near Deep Creek 
are unavailable until the results of the 1996 
postal questionnaire are reported in 1997.   

The commercial harvest in the set gillnet 
fishery along the eastern shore of Cook Inlet 
was 11,333 chinook salmon, approximately 
the 1984-1995 mean harvest of chinook 
salmon in that fishery.  Harvest of chinook 
salmon in the drift gillnet fishery was 365 
fish, well below the historical mean.  A 
reported 45 chinook salmon were retained for 
personal use from the combined commercial 
set and drift gillnet harvest (Table 1). 

Age composition of the commercial set gillnet 
harvest was based on a sample of 2,184 
chinook salmon with readable scales.  
Because there was a significant (�2 = 380.6, 
df = 9, P < 0.01) difference in the age 
composition of the four major age groups over 
time, the age data were poststratified into four 
time intervals to estimate harvest by age.  The 
commercial set gillnet harvest comprised 
mostly chinook salmon aged 1.4 (43%), 1.3 
(35%), and 1.2 (16%) (Table 2). 

In 1996, no personal use (termed subsistence 
in 1994) set gillnet fishery was authorized in 
Cook Inlet.  However, a personal use dip net 
fishery was allowed in the lower 9.3 km (5.0 
miles) of the Kenai River.  Participants were 
required to be Alaska residents and obtain a 
permit from the department.  Harvest was 
recorded on the permit which had to be 
returned to the department by the end of the 
season.  These fisheries were administered by 
the Sport Fish Division.  Only chinook 
salmon harvested from 1 July and later were 
considered of late-run Kenai River origin.  
Total subsistence harvest of late-run chinook 
salmon was 294 fish:  274 in the dip net 
fishery, 1 in the Kenaitze educational fishery, 
and 19 in the Ninilchik educational fishery 
(Table 1). 

The 1996 inriver recreational fishery for late-
run chinook salmon started 1 July.  To more 
accurately estimate the inriver return and 
escapement, the creel survey of the 
recreational fishery in the Kenai River was 
stratified in 1996 to estimate harvest upstream 
and downstream of the sonar counter (King 
1997).  Creel data were also combined solely 
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Table 2.-Page 3 of 3. 

Age Class
1.1 1.2 1.3 2.2 1.4 2.3 1.5 2.4 2.5 Total

Total
Males
   Percent 3.1 15.5 21.9 0.2 19.7 1.0 0.9 0.3 0.1 62.5
   SE Percent 0.3 0.7 0.9 0.1 0.9 0.2 0.2 0.1 0.1 1.1
   Harvest 371 1,864 2,640 19 2,372 123 103 31 7 7,528
   SE Harvest 38 87 110 9 108 28 23 14 7 129

Females
   Percent 0.0 0.1 13.2 0.0 22.8 0.5 0.6 0.1 0.0 37.5
   SE Percent 0.0 0.1 0.8 0.0 0.9 0.2 0.2 0.1 0.0 1.1
   Harvest 3 17 1,591 0 2,745 64 72 16 0 4,509
   SE Harvest 3 7 92 0 114 21 22 10 0 129

Combined
   Percent 3.1 15.6 35.1 0.2 42.5 1.6 1.4 0.4 0.1 100.0
   SE Percent 0.3 0.7 1.1 0.1 1.1 0.3 0.3 0.1 0.1
   Harvest 374 1,881 4,231 19 5,116 187 174 49 7 12,037
   SE Harvest 38 87 128 9 130 35 32 18 7

 
 

to provide estimates that can be compared 
with those of previous years.  Angler effort 
was an estimated 238,495 (SE = 7,285) 
angler-hours (King 1997).  The estimated 
harvest of 5,984 (SE = 404) chinook salmon 
was only 78% of the 1974-1995 average 
(Table 3).  Catch was an estimated 6,938 
(SE = 428) chinook salmon.  Anglers employ-
ing professional guides accounted for 65% of 
the harvest and 48% of the effort. 

Based on a sample 234 fish with readable 
scales, there was a significant (�2 = 24.0, df = 
3, P < 0.01) difference in the age composition 
of the recreational harvest between two 
temporal strata, even of the two age groups 
that composed over 90% of the sport harvest 
(�2 = 6.7, df = 1, P = 0.01).  Because chinook 
salmon were sampled almost exactly in 
proportion to the harvest of the two temporal 
strata, combining the age data across the two 
strata did not produce biased estimates of 
harvest by age.  Therefore, all samples were 

combined to estimate harvest by age (Table 
4).  The harvest was predominantly fish aged 
1.4 (55%) with the proportion of fish aged 1.3 
(37%) the second greatest observed since 
1986 (Table 5). 

In 1996, an estimated 13% of the catch was 
released (Table 6).  Since 1986, the first year 
that estimates of total catch in the recreational 
fishery were available, an average of 27% of 
the catch was released.  In 1996, release 
mortality upstream of the sonar counter was 
an estimated 64 (SE = 50) fish.  The age and 
sex composition of the hook-and-release 
mortality was assumed equal to that of the 
inriver return (Table 7). 

INRIVER RETURN 
The sonar was in operation from 16 May 
through 31 July (Burwen and Bosch In prep).  
Inriver return estimated past the sonar counter 
from 1 July through 31 July was 53,934 













 

 16

(SE = 1,059) fish (Burwen and Bosch In prep; 
Table 8).  Large numbers of pink salmon O. 
gorbuscha holding in the sonar beam made 
counting of chinook salmon unreliable after 
31 July.  The 1996 inriver return was 30% 
larger than the 1984-1995 mean of 41,780 fish 
(Table 1). 

A sample of 469 late-run chinook salmon 
were captured with gillnets to estimate age 
composition of the inriver return.  There was 
no significant (�2 = 2.3, df = 1, P = 0.13) 
difference in the age composition between 
1 July-23 July and 24 July-15 August for the 
two age classes making up over 90% of the 
return.  The inriver return was predominantly 
age 1.4 (57%) followed by age classes 1.3, 
1.2, and 1.5 (34%, 8%, 1%, respectively) 
(Table 9).  Age-1.4 fish have historically 
dominated the total inriver return (Table 10). 

ESCAPEMENT AND TOTAL RETURN 
Spawning escapement by age class was 
estimated by subtracting total inriver fishing 
mortality upstream of the sonar counter from 
the sonar count.  In 1996, an estimated 48,054 
(SE = 1,126) chinook salmon escaped all 
fisheries (Table 11).  The majority (58%) of 
these spawners were age class 1.4.  This age 
class has been the predominant spawning age 
class since estimates were first made in 1986. 

The total return of late-run chinook salmon to 
the Kenai River is the sum of the commercial, 
recreational, personal use and subsistence 
harvests plus the escapement.  The estimated 
total return of chinook salmon to the Kenai 
River in 1996 was 66,286 (SE = 1,059) fish 
(Tables 1 and 10). 

BROOD RELATIONSHIPS 
Age components of measured returns are 
presented in Table 12 and a summary of the 
production from each brood year appears in 
Table 13.  Production of 19,581 fish from the 
1989 escapement, the smallest measured so 
far, produced the largest return-per-spawner 

(RPS) ratio (2.26) with age-7 fish to return in 
1997.  The 1990 escapement of 27,086 
chinook salmon has the third largest RPS 
ratio, with ages 7 and 8 still to return.  The 
1991 escapement of 27,662 chinook salmon 
also appears to be producing very well, with 
an RPS ratio of 1.32 and ages 6-8 yet to 
return. 

SIBLING RELATIONSHIPS 
Sibling return ratios (Sonnichsen and 
Alexandersdottir 1991) have been used to 
forecast returns since 1990 (Table 14).  
Observed returns have ranged from 28% less 
than the forecasted value to 37% greater than 
the forecasted value, averaging within 3% of 
the anticipated return (Table 15).  The 1997 
forecast for the Kenai River late run is 
120,514 (SE = 32,788) chinook salmon (Table 
15). 

MIGRATORY TIMING MODELS 
The mean timing model used to predict the 
inriver return performed well in 1996 (Figure 
4).  Cumulative proportions by date for 1996 
remained within the 1985-1995 95% 
confidence interval throughout the late run, 
except for 25-30 July (Figure 5).  The mean 
timing model was the basis for extending the 
recreational fishery into August. 

The models used to predict end of season (31 
July) harvest and catch did not perform as 
well as in the past.  The fishery, in general, 
appeared to be quite different than previous 
seasons.  Daily projections of end of season 
harvest and catch did not appear to be reliable 
until 20 July (Figure 6).  The final escapement 
is predicted by combining the inriver return, 
harvest, and catch models.  The erratic fishery 
and the fact that the August component of the 
return was not assessed resulted in less 
accurate projections of the final escapement 
(Figure 7).  
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Figure 4.-Daily projections of total inriver return vs. the actual inriver return 
of late-run chinook salmon, Kenai River, 1996. 

Figure 5.-Cumulative proportions by date for the inriver return of late-run 
chinook salmon to the Kenai River, 1985-1995 mean vs. 1996. 
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Figure 6.-Daily projections of seasonal 
(1 July-31 July) harvest and catch (solid 
lines) vs. realized harvest and catch (dotted 
lines) of late-run chinook salmon by the 
recreational fishery, Kenai River, 1996. 

Figure 7.-Daily projections of final 
escapement of chinook salmon during the 
recreational fishery for late-run chinook 
salmon, Kenai River, 1996. 

DISCUSSION 
Timely estimates of harvest and inriver return 
allow for the precise management specified in 
the management plan.  The ability to obtain 
real-time estimates of inriver return provides 
the basis for the department to react to 
changing situations on relatively short notice.  
During 1996, the fishery was liberalized by 
adding 4 days in August based on projections 
of exceeding the desired escapement goals set 
out in the management plan. 

Analysis of four run timing models to predict 
the inriver return was completed in 1993 
(Hammarstrom 1994a) and the mean timing 
model was selected as the model of choice.  
This model performed reasonably well again 
in 1996 and should be used in 1997. 

Results of the sibling model to predict future 
returns have been encouraging.  Projected 
returns for 1990-1996 ranged from 33,517 to 
91,811 chinook salmon and realized returns 
ranged from 39,656 to 72,332 chinook 
salmon.  Forecasts have been less than 
observed returns for 4 of the 7 years this 
model has been used.  Observed returns have 
ranged from 73% to 137% of the expected 
return with the 1992 forecast being the closest 
to the realized return (103%).  Predictions 
have been within an average of 3% of the 
actual returns.  Although the fishery is 
managed based on inseason return, forecasts 
are beneficial in preparing the fishing public, 
in a general sense, for the type of fishery to 
expect.  Evaluation of this model should 
therefore continue, and I recommend that the 
sibling model be used for 1997. 

The escapement objective of 22,300 fish has 
been exceeded in every year since 1984, 
except for 1985 and 1989.  Omitting those 
two years, the goal has been exceeded by an 
average of 12,500 chinook salmon.  
Restrictions to the recreational fishery were 
employed in 1990 and again in 1992.  The 
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commercial fishery was restricted in 1992.  
The recreational fishery was liberalized in 
1991, 1993, 1994, 1995 and 1996.  The 
anticipated total return of over 120,000 
chinook salmon in 1997 would allow for a 
harvest of nearly 100,000 fish by all fisheries.  
Over 75% (91,799 fish) of the forecast is 
age-6 fish from the 1991 brood, which is 70% 
higher than any observed return of age-6 fish 
(Table 13).  Should the forecast be realized 
and normal timing occur, some liberalization 
to the recreational fishery is probable and no 
inseason restrictions to the commercial fishery 
based on conservation concerns for chinook 
salmon should be required. 

Over the past 3 years, the department has been 
examining some of the assumptions necessary 
to incorporate hydroacoustic enumeration of 
chinook salmon into the Kenai River.  Testing 
of two critical assumptions, that target 
strength is definitive in separating larger 
chinook salmon from smaller more abundant 
sockeye salmon, and that spatial separation of 
the two species provides reasonable 
distinction between the species, has not been 
conclusive.  These problems may be more 
pronounced at times of relatively high 
sockeye salmon abundance which is more of a 
concern during the late run.  Additional 
testing and a program to further define late-
run inriver exploitation was accomplished in 
1996.  

Results from a telemetry study to estimate 
exploitation rate in the recreational fishery are 
preliminary at this time  There seems to be 
relative agreement between inriver return 
estimated as a function of harvest and 
exploitation with that of the sonar counter and 
the creel survey to estimate exploitation rate.  
This telemetry study will be repeated again in 
1997. 

 

Implementation of the current management 
plan relies on the ability to assess the 

magnitude of the chinook salmon return 
inseason.  Evaluation of escapement goals and 
production requires accurate determination of 
run strength.  Sonar seems to provide the 
potential to accomplish both tasks; however, 
to be successful, the aforementioned concerns 
need to be resolved. 
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Appendix A1.-Kenai River late king salmon management plan. 
 

5 AAC 21.359  KENAI RIVER LATE KING SALMON MANAGEMENT PLAN 
(a) The purpose of this management plan is to insure an adequate escapement of late run 

chinook salmon into the Kenai River system and to provide management guidelines to the 
department. 

(b) The department shall manage the late run Kenai River chinook salmon to achieve a 
minimum spawning escapement level of 15,500 salmon and an optimum spawning 
escapement level of 22,300 salmon as follows: 
(1) if the projected spawning escapement level is less than 15,500, the department shall  

(A) close the recreational fisheries in the Kenai River and in the salt waters of Cook 
Inlet north of the latitude of Bluff Point to the taking of chinook salmon; 

(B) close the drift gill net fishery in the Central District within 3 miles of the Kenai 
Peninsula shoreline; and 

(C) close the set gill net fishery in the Upper Subdistrict of the Central District; 
(2) if the projected spawning escapement level is between 15,500 and 22,300 chinook 

salmon, the department shall restrict the taking of chinook salmon in the Kenai River 
recreational fisheries as necessary to achieve the optimum escapement; the department 
shall establish periods by emergency order during which 
(A) time or area is reduced; 
(B) bag or possession limits are zero; when the sport fishery is restricted to catch and 

release only, king salmon 52 inches or more in length may be retained; or 
 Note:  changed from "(B) bag or possession limits are zero; or" in 1990 
(C) only artificial lures may be used. 
 Note:  The following sections modified the original plan above and were adopted at 

the December 1990 meeting of the Board of Fisheries. 
(3) if the projected spawning escapement of chinook salmon is between 15,500 and 19,900, 

the department shall limit the set gill net fishery in the Upper Subdistrict of the Central 
District to regular periods; 

(c) however, if the final inriver sonar count is projected to exceed 700,000 sockeye salmon, then 
the drift gill net fishery and the set gill net fishery will not be restricted to conserve Kenai 
River chinook salmon unless the projected spawning escapement is less than 15,500, 
consistent with (b)(1). 

(d) consistent with the purpose of this management plan, the department shall not reduce closed 
waters at the mouth of the Kenai River when the projected escapement level is less than 
22,300 chinook salmon. 

(e) the Kasilof River Sockeye Salmon Special Harvest Area Management Plan (5 AAC 21.356) 
is exempt from all provisions of this management plan. 

Effective 1989, modified 1991, 1996. 
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APPENDIX B.  STATISTICAL METHODS 
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Appendix B1.-Statistical methods for estimating sibling ratios and expected returns. 

Age structure is a conservative trait in salmonids, the age classes represented within brood years 
in a stock do not change drastically across years.  The distribution of numbers returning in each 
age class within a brood year may also be a stable character within a stock.  The relationships 
between ages within a brood year, or sibling relationships, were used to estimate future returns by 
brood year. 

Sibling ratios, rab, were estimated as the ratio of the return at age a to the total return at one or 
more younger ages for each brood year b:  
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where �nab is the estimated number of fish from brood year b returning at age a and �na b�  is the 
estimated number from brood year b returning at ages 3 through “a - 1”: 
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Age 3 is the first year at which late-run Kenai River chinook salmon return in substantial 
numbers.  Sibling ratios were estimated for ages 4 through 7.  The variances of the estimated 
sibling ratios were estimated as:  

� [� ] �

� [ � ]
�

� [� ]
�

V r r V n
n

V n
n

ab ab
ab

ab

a b

a b
� �

�

�
�
�

�

�
�
�

�

�

2
2 2 , 

(B1.3)

where: 
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The expected returns of fish aged a = 4, 5, 6, and 7 in the year (Y) to be forecasted are: 
~

�n r na a a b� � , (B1.5)

where ra is the mean age-a sibling ratio, averaged over all ma brood years for which the ratio 
could be estimated: 

r
m

ra
a

ab
b

ma
�

�

�
1

1
� , 

(B1.6)

and where b = Y - a. 

-continued- 
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Appendix B1.-Page 2 of 2. 

The variance of the forecasted returns by age was estimated as: 
� [~ ] � [ � ] � � [ ] � [ ] � [� ]V n r V n n V r V r V na a a b a b a a a b� � � � �� � �

2 2 , (B1.7)

where � [ ]�V ra  is the squared prediction error of ra : 

� �
� [ ]

� � [� ]
� �

�

�
�

� �

� �

V r
r r

m

V r

ma

ab a
b

m

a

ab
b

m

a

a a2

1 1
1

. (B1.8)

The expected return of age-3 fish in 1996 was forecast to be the mean of past age-3 returns: 
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The variance of the forecasted return of age 3 fish was estimated as the sample variance: 
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Total return was forecast to be: 
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with variance: 
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Appendix B2.-Statistical methods for analyzing migratory timing. 

The distribution over time of salmon migrating past any fixed location can be described by a 
migratory time distribution function (Mundy 1982).  We used historical databases of sonar 
counts, sport fishing effort, harvest per hour, catch per hour, harvest, and catch to predict final 
estimates of these parameters inseason.  Our databases consisted of values, for example counts or 
harvests of chinook salmon, by day (t).  Daily cumulative proportions were calculated for each 
year (i) of data and for each parameter.  Daily values were summed to calculate a total (Ni) for 
the year.  For each day t and year i, the cumulative proportion pti was calculated as: 

pti = nti / Ni  , (B2.1)

where nti is the cumulative sum to date.  For each year i, the set Pi of all cumulative proportions 
(p1i, p2i, p3i, . . .) represents the annual empirical cumulative distribution function (CDF).  The 
mid-point of the migration, or median of the distribution, is reached when pti is equal to 0.5. 

For any day the mean cumulative proportion ( pt . ) over all m years was calculated as: 
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with variance: 
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At any point in a migration, the mean cumulative proportion to date can be used to forecast the 
total given the number known to have passed to date.  Since ntj represents the number passed by 
day t in year j, then the predicted total for that year is: 
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and the variance of ~N j  by: 
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APPENDIX C.  SUPPORTING STATISTICS 
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