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ABSTRACT 
The contribution of hatchery-produced chinook salmon Oncorhynchus tshawytscha to the Willow Creek sport 
harvest and escapement has been assessed since 1986 using roving creel surveys, catch sampling, annual mail survey 
estimates, a weir at Deception Creek (a tributary to Willow Creek), peak spawning escapement aerial surveys and 
ground postspawning carcass surveys.  Goals for the hatchery enhancement program have been set at 4,000 hatchery 
produced fish available to the harvest and 15,000 angler-days of fishing effort while maintaining the historical 
spawning escapement and fish quality.  The minimum estimated number of hatchery fish available to the fishery 
ranged from 1,076 to 5,329 chinook salmon from 1989 through 1996.  Angler effort during this period ranged from 
7,382 to 18,271 angler-days and first reached the 10,000 angler-day goal in 1991.  Except for 1994, spawning 
escapement remained above the 2,600 fish objective from 1989 through 1996.  Our current biological data show no 
significant change in fish size, however, the tendency to return at an earlier age has been indicated. 

Key words: chinook salmon, Oncorhynchus tshawytscha, Willow Creek, Deception Creek, fish culture, smolt, 
stocking, creel survey, sport effort, sport catch, sport harvest, escapement counts, population, hatchery 
contribution, age, sex, length. 

INTRODUCTION 
The sport fishery for chinook salmon 
Oncorhynchus tshawytscha in the Northern 
Cook Inlet (NCI) area (that portion of Cook 
Inlet north of the West Forelands) was closed 
periodically during the 1960s and 1970s 
because of small returns.  Increases in the 
returns of chinook salmon to NCI drainages in 
the late 1970s allowed reopening of a limited 
sport fishery in 1979.  An intensively 
managed and growing fishery has existed 
since that time (Figure 1). 

Willow Creek, a tributary of the Susitna River 
(Figure 2), was designated as a potential 
recipient for chinook salmon enhancement in 
the Cook Inlet Regional Salmon Enhancement 
Plan (CIRPT 1981).  Development of a 
chinook salmon enhancement program at 
Willow Creek was spurred by construction of 
a road to the mouth of Willow Creek and 
establishment of the Willow Creek State 
Recreation Area in the mid-1980s.  A chinook 
salmon smolt stocking program was initiated 
at Willow Creek in 1985, with the first 
significant return of fish in 1989.  With the 
exception of 1987, this stocking program has 
continued annually.  An onsite creel survey 
has been conducted since 1979 to aid inseason 
management of the fishery.  The creel survey 

was redesigned in 1988 to evaluate the 
enhancement program. 

Willow Creek has developed into the most 
heavily utilized road-accessible sport fishery 
for chinook salmon in NCI (Mills 1980-1994, 
Howe et al. 1995-1997).  Natural chinook 
salmon production is relatively stable and 
appears near maximum.  Exploitation of this 
production also appears to be maximized.  
The initial purpose of the Willow Creek 
enhancement program was to increase 
chinook salmon fishing opportunities on a 
sustained yield basis and presently is to 
maintain this opportunity by supplementing 
the existing natural run with hatchery fish. 
The goals of the Willow Creek chinook 
salmon enhancement program are to: 

1. Maintain the present quality and 
quantity of natural chinook salmon 
production; 

2. Produce an additional 6,000 returning 
chinook salmon of which 4,000 would 
be available for harvest at Willow 
Creek on an annual basis by 1994; and 

3. Provide a minimum of 15,000 angler-
days of chinook salmon fishing 
opportunity during the period 10 June 
to 10 July. 
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Source:  Mills 1980-1994, Howe et al. 1995-1997. 

Figure 1.-Sport harvest of chinook salmon in Northern Cook Inlet, 1979-1996. 
 
To help measure program performance and 
achieve project goals, the following objectives 
were identified: 

1. Estimate the age, sex, and length 
compositions of chinook salmon 
harvested from Willow Creek; 

2. Monitor chinook salmon escapement 
indices to determine if approximately 
2,600 spawn naturally in Willow 
Creek; 

3. Estimate the relative contribution of 
stocked chinook salmon to the sport 
harvest, and estimate the relative 
contribution of stocked chinook 
salmon to the spawning escapement in 
Willow Creek; 

4. Collect and transport approximately 
440,000 fertilized chinook salmon 

eggs from the Deception Creek weir to 
the Ft. Richardson hatchery; and 

5. Release approximately 200,000 
chinook salmon smolts, of which 
40,000 will be marked with coded 
wire tags, into the Willow Creek 
drainage in order to yield 4,000 
returning adults available for harvest. 

This report presents fish culture, creel survey, 
escapement, age, sex, length, and hatchery 
contribution data collected from the Willow 
Creek program from 1979 through 1996.  
Additionally, a compilation of all historic data 
used to evaluate this enhancement program is 
presented.  Program success is evaluated by 
comparing historic performance to 
achievement of stated program goals and 
objectives.  Finally, recommendations for 
consideration in future program planning are 
developed. 
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METHODS 
FISH CULTURE 
Chinook salmon smolt were released into 
Deception Creek at the Deception Creek 
bridge on the Hatcher Pass Road from 1985 
through 1995 with the exception of 1990, 
when approximately one-third was released 
into Willow Creek at the Parks Highway 
bridge.  No fish were stocked in 1987.  In 
1996 all smolt were released into Deception 
Creek at the Four Mile Road crossing (Figure 
3).  The annual smolt release has varied from 
101,256 to 655,491 fish during all years with 
the 1992 through 1996 releases near 200,000.  
The proportion of coded wire tagged (CWT) 
and adipose finclipped fish through the 1996 
release year varied from 0.0490 to 0.2581 
(Table 1).  Beginning in 1997, 100% of 
released fish will be tagged.  Adipose 
finclipping and coded wire tagging of smolt 
followed standard hatchery methodology 
(ADF&G 1983). 

To capture brood stock in 1996, two weirs 
were installed on Deception Creek during the 
first week in July (Figure 3).  All fish entering 
the weir complex were detained between the 
weirs until the egg take was complete.  
Multiple egg takes occurred during the last 10 
days in July.  During this period, fish were 
seined and checked for ripeness.  Ripe fish 
were killed and placed on a clean tarp.  Milt 
from males and eggs from females were 
combined at a 2:1 male to female ratio in a 5-
gallon bucket (six males and three females).  
Water from Deception Creek was added to the 
bucket to initiate fertilization.  After a 1-
minute waiting period, excess milt, 
coagulated blood, and other debris were 
rinsed from the fertilized eggs.  The clean 
eggs were put into plastic bags with water and 
placed in coolers for 45 to 90 minutes to 
water harden.  The water-hardened eggs were 
packed in ice to keep them cool during 

shipment to Fort Richardson hatchery where 
they were incubated. 

CATCH AND ESCAPEMENT SAMPLING 
Design 
Willow Creek was open to fishing for chinook 
salmon in all waters within a 0.4 km (0.25 mi) 
radius of the creek's confluence with the 
Susitna River and upstream to the Parks 
Highway.  Season length has varied since 
1979.  Increases in the open season have been 
implemented by regulation and emergency 
order.  Since 1989, this section has been open 
to fishing daily from January 1 through the 
third Monday in June after which it opens the 
following two consecutive weeks during the 
3-day periods of 0001 hours Saturday to 2400 
hours on Monday. 

Willow Creek is road accessible, allowing 
primary access to the fishery by vehicle and 
foot. Some anglers access the fishery by 
boating downstream from the Parks Highway 
area.  The majority of anglers fish within 0.4 
km (0.25 mi) of the mouth (Figure 3). 

Roving creel surveys (Neuhold and Lu 1957) 
on Willow Creek were conducted from 1979-
1993 to obtain estimates of angler effort, 
catch, and harvest for chinook salmon.  The 
fishery was sampled using a stratified, multi-
stage, roving survey design.  However, 
beginning in 1994, after determining that the 
Statewide Harvest Survey, Alaska Department 
of Fish and Game’s annual mail survey, was 
an adequate means to measure harvest and 
catch, these onsite surveys were abandoned 
for the purpose of collecting harvest and effort 
data.  A modified creel survey was then 
conducted to collect biological and hatchery 
contribution data.  Specific methods for creel 
surveys during 1989 through 1993 can be 
found in Sweet and Webster (1990), Sweet et 
al. (1991), Peltz and Sweet (1992 and 1993) 
and Sweet and Peltz (1994). 
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During 1994-1996, survey technicians 
monitored the fishery at the head of the trail 
leading from the parking lot to the fishing 
area at the mouth of the creek.  Time was 
spent interviewing exiting anglers, inspecting 
the observed harvest for adipose finclips, and 
collecting biological data. 

Data Analysis 
Biological data forms were visually checked 
for coding errors and corrected as necessary.  
Corrected data forms were sent to Research  
and Technical Services (RTS) for optical 
scanning.  Resultant data files and summary 
printouts were also checked for errors and 
corrected as necessary.  Corrected data files 
were sent to RTS for archiving (Appendix 
B1). 

SIZE, SEX, AND AGE COMPOSITIONS 
Data Collection 
Chinook salmon harvested in the sport fishery 
were sampled for age, length, and sex 
information from 1979-1996.  Carcasses of 
postspawned chinook salmon in Willow 
Creek, from the canyon downstream to the 
confluence with Deception Creek, were also 
sampled from 1979-1993 (Figure 3).  Length, 
sex information, and scales were collected 
from every fish possible.  However, during 
carcass surveys, some fish were badly 
decomposed which precluded scale collection 
and accurate measuring. 

Sampled fish were measured from the middle 
of the eye to fork of the tail, to the nearest 5 
mm.  The sex of those fish selected for age 
composition was recorded.  Three scales were 
collected on the left side of each fish 
approximately two rows above the lateral line 
and on the diagonal row downward from the 
posterior insertion of the dorsal fin as 
described in Welander (1940).  Scales were 
mounted on adhesive-coated cards and 
thermohydraulic impressions were made in 
cellulose acetate.  Age determinations were 
made by examination of scale impressions 

using a microfiche reader.  Ages were 
designated using the European method (Koo 
1962).  Age, sex, and length data were 
recorded on standard biological mark-sense 
forms. 

Examination of scales during 1989 and 1990 
indicated that freshwater growth in scales 
from hatchery-produced fish was indistin-
guishable from that of nonhatchery fish when 
viewed on a microfiche reader (Sweet and 
Webster 1990, Sweet et al. 1991).  Therefore, 
hatchery-produced and natural fish were 
combined by saltwater age classes only. 

Data Analysis 
Estimates of age composition (proportion) by 
sex for the subsampled chinook salmon were 
calculated.  All data were treated as if the data 
were obtained by a simple random sampling 
procedure.  The age composition data 
collected at Willow Creek were assumed to be 
the result of a proportional sample survey 
(i.e., equal proportions of the harvest or 
escapement sampled throughout the survey).  
Accordingly, the resultant age composition 
estimates should be unbiased for the entire 
harvest or escapement of chinook salmon. 

The proportion by age and sex of the chinook 
salmon was estimated as follows: 

�p
n
nz

z

a
� , (1)

where:  �pz  equals the estimated proportion of 
the chinook salmon from age and sex 
category z, nz  equals the number of fish 
sampled that were classified as age or sex 
category z, and na  equals the number of 
chinook salmon sampled for age and sex 
determination. 

The variance of �pz  was calculated by: 

� �
� �

� �
� �

V p
p p

nz
z z

a
�

�

�

1
1

. (2)
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Estimates of mean length-at-age group of 
subsampled chinook salmon were also 
calculated.  The procedures outlined by Sokal 
and Rohlf (1981, Boxes 4.2 and 7.1, pages 56 
and 139) were used to obtain the estimates of 
each mean and its standard error. 

CONTRIBUTION OF CODED WIRE 
TAGGED STOCKS 
Data collection 
In addition to the age, sex, and length 
information, chinook salmon harvested at 
Willow Creek were examined for a missing 
adipose fin (indicating the presence of a coded 
wire tag).  Daily records were kept of both the 
number of fish examined and the number of 
fish observed to have a missing adipose fin 
(clipped fish).  Heads were collected from the 
clipped fish and sent to the Alaska 
Department of Fish and Game (ADF&G) Tag 
Lab in Juneau for decoding.   

Carcasses from the chinook salmon 
escapement in the reaches of Willow Creek 
and Deception Creek upstream of their 
confluence were also inspected for adipose 
finclips to recover associated CWTs and 
estimate relative hatchery contributions.  Data 
collected included number of carcasses 
observed, number of fish inspected for 
adipose finclips, number of clips observed 
and mideye-to-fork length.  Heads from fish 
with a missing adipose fin were collected and 
decoded as described above. 

No sampling has been conducted to 
specifically estimate Willow Creek hatchery 
chinook salmon contributions in nontarget 
commercial, sport, or subsistence fisheries.  
However, recoveries have been reported in 
various fisheries throughout Alaska 
(Appendix A1). 

Data Analysis 
Hatchery contributions were estimated for the 
sport fishery using the procedures outlined by  
 

Bernard and Clark (1996).  The large-scale 
approximations defined by Bernard and Clark 
(1996) for variance estimates were used in all 
cases. 

ESCAPEMENT SURVEYS 
Data Collection 
Chinook salmon spawning in Willow Creek, 
including Deception Creek, were counted 
annually by aerial survey (helicopter).  
Escapement surveys were conducted during 
the peak spawning period which was 
identified through frequent inspections of 
spawning activity.  Escapement data reported 
were the number of observed fish, both alive 
and dead. 

Raw survey counts of chinook salmon in 
Willow Creek were not expanded to account 
for stream life, poor visibility, or missed fish.  
The actual number of chinook salmon 
observed was reported as the escapement 
index and was considered to be a minimum 
escapement estimate.  

Data Analysis 
Relative hatchery contributions were 
estimated for the escapement using 
procedures from Bernard and Clark (1996). 
The notation used in the following equations 
essentially follows that used by Bernard and 
Clark (1996), with adaptations primarily due 
to estimating relative rather than absolute 
contributions.  The first step involved 
estimating the relative contribution in the 
escapement of each particular tag code: 

� �u pj j j�
�

�
1 , (3)

where:  �u j  equals the estimated relative 
contribution of chinook salmon from a coded 
wire tagged stock identified by the unique tag 
code j; � j  is the proportion of the hatchery 
release which contained a coded wire tag of 
the unique tag code j; �p j  was calculated as: 
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�p
m

nj
j

�
�

; (4)

n is number of chinook salmon inspected for 
missing adipose fins from the sampled 
escapement; m j  equals the number of coded 
wire tags dissected out of the salmon heads 
and decoded as the unique tag code j in the 
escapement sample; � is defined as: 

� �
a t
a t

' '
; (5)

a  is the number of salmon with a missing 
adipose fin which were counted from the 
sampled fish from the escapement sample; 
a' equals the number of salmon heads 
previously marked with a head strap which 
arrived at the tag lab; t  is the number of 
coded wire tags which were detected in the 
salmon heads at the tag lab; and t'  equals the 
number of coded wire tags which were 
removed from the salmon heads and decoded 
as any tag code. 

The variance of �u j  was estimated by: 

� � � �� � � �V u V pj j j�
�

�
2 . (6)

The variance of �p j  was estimated 
approximately (adapted from Bernard and 
Clark 1996) as: 

� �� �

�

V p
p

nj
j

�
�

, (7)

where all terms are as defined above. 

RESULTS 
FISH CULTURE 
Since the inception of stocking in 1985, the 
annual smolt release into Willow Creek has 
varied from 101,256 to 655,491, with the 
1992 through 1996 releases averaging 
185,048 smolts.  The proportion of CWT and 

adipose finclipped fish varied from 0.0490 to 
0.2581 through 1996 (Table 1). 

The goal of collecting 440,000 fertilized eggs 
has been achieved annually. 

ANGLER EFFORT 
Estimates of angler effort for the Willow 
Creek chinook salmon fishery are available 
for 1979-1993 and 1995 from onsite creel 
surveys.  No survey was conducted in 1994 or 
1996 (Table 2).  During these surveys, effort 
ranged from 504 to 18,271 angler-days.  For 
years in which effort estimates are available 
and hatchery fish contributed to the harvest, 
effort ranged from 5,444-18,271 angler-days. 

SIZE, SEX, AND AGE COMPOSITIONS 
Age, length and sex data have been collected 
since 1979 from the Willow Creek chinook 
salmon harvest.  Prior to 1986, sex and size 
data were reported for all Susitna River 
fisheries combined; consequently individual 
data for Willow Creek are not available for 
that period.   

During 1979-1988, years with no significant 
hatchery contribution, mean age composition 
was 17% age 1.2, 30% age 1.3, and 53% age 
1.4.  For the time period 1989-1996, years in 
which hatchery fish contributed to the 
population, mean age composition was 19% 
age 1.2, 29% age 1.3, and 52% age 1.4 (Table 
3).  Mean length by age class for 1986-1988 
was 622 mm for age 1.2, 845 mm for age 1.3, 
and 957 mm for age 1.4.  For 1989-1996 
mean length by age class for age 1.2, 1.3 and 
1.4 fish was 605 mm, 807 mm and 942 mm, 
respectively (Table 4).  Sex composition by 
age class for 1986-1988 for ages 1.2, 1.3 and 
1.4 was 93% male, 58% male and 34% male, 
respectively.  The 1989-1996 mean sex 
composition for age 1.2, 1.3 and 1.4 males 
was 99%, 57% and 37%, respectively (Table 
5). 

Scales from hatchery-produced fish are 
indistinguishable from nonhatchery fish 
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Table 5.-Estimated sex composition by age class for sport fish harvests of Willow Creek 
chinook salmon, 1986-1996. 
Age Class  1.2     1.3     1.4   

 Male Female  Male Female  Male Female 

 Sample  Sample   Sample  Sample   Sample  Sample  

Year Size % Size %  Size % Size %  Size % Size % 

               

1986 22 100.0 0 0.0  22 40.0 33 60.0  17 25.4 50 74.6 

1987 37 88.1  5 11.9  35 76.1 11 23.9   22 36.7 38 63.3 

1988 53 91.4 5 8.6  97 57.1 73 42.9  48 41.0 69  59.0 

1989 27 100.0  0 0.0  47 70.1 20 29.9  85 31.7 183 68.3 

1990 134 100.0 0 0.0  48 70.6 20 29.4  82 39.2 127 60.8 

1991 35 100.0 0 0.0  83 61.5 52 38.5  60 31.4 131 68.6 

1992 224 100.0  0 0.0  102 54.0 87 46.0  60 26.8 164 73.2 

1993 76 97.4 2 2.6  100 53.2 88 46.8  70 46.4 81 53.6 

1994 29 100.0 0 0  39 59.1 27 40.9  59 33.0 120 67.0 

1995 43 97.7 1 2.3  24 40.0 36 60.0  56 39.4 86 60.6 

1996 88 100.0 0 0  37 50.7 36 49.3  39 50.6 38 49.4 

1986-1988               

Mean  93%  7%   58%  42%   34%   66% 

1989-1996               

Mean  99%  1%   57%  43%   37%  63% 

Source of data: Hepler and Bentz 1987; Hepler et al. 1988 and 1989; Sweet and Webster 1990; 
Sweet et al. 1991; Peltz and Sweet 1992 and 1993; Whitmore et al. 1994-1997. 

 

scales; consequently, during years the harvest 
included hatchery-produced fish, all fish were 
grouped together by saltwater age and 
designated as having one freshwater annulus. 

CONTRIBUTION OF CODED WIRE 
TAGGED STOCKS 
CWTs were first recovered from the Willow 
Creek drainage in 1986.  Annual CWT 
recoveries conducted in the Willow Creek 
sport harvest and escapement and Deception 
Creek escapement during 1986-1996 ranged 
from 5 to 315 fish, representing all tag codes 
released into Willow Creek (Appendix A4).   

From 1989–1996, years with significant 
returns of hatchery fish, minimum estimated 
return of hatchery fish was 1,076-5,329 
chinook salmon annually (Appendix A5).  
The estimated hatchery contribution to the 
Willow Creek sport harvest ranged from 
26.3% to 51.4% with a mean of 41%.  This 

has resulted in annual contributions of 844 to 
4,566 chinook salmon to the sport harvest, 
averaging 2,064 hatchery fish (Table 2).  The 
1989-1996 contribution to the Willow Creek 
escapement above the confluence with 
Deception Creek ranged from 0%-21.8%, 
averaging 8.3%.  The 1989-1996 contribution 
to the Deception Creek escapement ranged 
from 22.1%-59.0%, averaging 43.9% (Table 
2).  The total estimated annual contribution to 
the return to Willow Creek ranged from 
16.2% to 46.2%, averaging 31.2% (Table 2). 

Tag recoveries from the Willow Creek sport 
harvest during 1991 and 1992 included some 
Montana and Sheep creek release fish 
(Appendices A2 and A3).  These fish were not 
included in the Willow Creek hatchery 
contribution estimate and no hatchery 
contribution estimate was calculated for the 
Montana or Sheep creek returns.  Tagged 
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Willow Creek chinook salmon have also been 
recovered in other sport, commercial, and 
subsistence fisheries for which no hatchery 
contribution estimates have been made 
(Appendix A1). 

ESCAPEMENT SURVEYS 
Aerial escapement index surveys on Willow 
Creek during 1979-1996 ranged from 592 to 
5,060 chinook salmon.  A combination of 
ground and aerial surveys conducted on the 
escapement index area of Deception Creek, a 
tributary to Willow Creek, during 1979-1996 
ranged from 121 to 1,221 (Table 2).  Total 
spawning escapement from 1989–1996, 
obtained by summing the Willow Creek and 
Deception Creek escapement indices, has 
remained above the objective of 2,600 fish.  
The exception was 1994 when the index was 
2,245 chinook salmon. 

DISCUSSION 
The Willow Creek chinook salmon sport 
fishery has existed annually since 1979 (Table 
2).  From 1979 to 1996, the fishery has 
changed from a weekend-only fishery with a 
harvest quota of 300 fish to a combination 
weekday and weekend season with harvests 
reaching 8,800 fish.  Fishery monitoring has 
changed over time to adjust to changes in the 
fishery.  Initially, the fishery took place at the 
Parks Highway bridge.  With the construction 
of a road to the stream mouth in 1988, the 
majority of the fishery shifted to the 
downstream area, within 1/4 mile upstream of 
the mouth.  Consequently, direct comparisons 
of data among years are in some instances of 
limited value.  It is possible, however, to 
make the following general observations.  
Participation and harvests in the fishery grew 
substantially from 1979 through 1992 (Figure 
4).  Harvest of nonhatchery fish increased 
approximately 1,000% from 1979 to 1993 
(Figure 5).  Large increases in effort occurring 
in 1983, 1989 and 1992 are most likely related 

to additional fishing time and improvements 
in access during these years.  The 1992 
increase in the harvest of nonhatchery fish is 
probably a result of the popularity of this 
fishery relating to the large return of both 
nonhatchery and hatchery fish during that 
year.  Harvest decreased beginning in 1994 as 
a result of new sport fishing restrictions 
imposed to address the overall decline in 
Susitna River chinook salmon escapement.  
The contribution of hatchery fish to the 
harvest reached 50% in 1992 and has 
remained between 40% and 50% from 1993-
1996.  In 1992 the contribution of hatchery 
fish to the escapement increased to 29% and 
since then has remained below 30% (Figure 
6). 

FISH CULTURE 
Egg takes have been successful in collecting 
the approximately 400,000 eggs annually 
necessary for the Willow Creek stocking 
program and stocking area landlocked lakes.  
In years prior to 1997, any ripe fish collected 
at the egg-take site was used as brood stock 
whether or not it was a known hatchery fish 
(adipose finclipped).  Beginning in 1997 no 
known released hatchery fish will be used as 
brood stock.  Marking 100% of releases will 
assure that no eggs will be taken from 
previously released stocks. 

SIZE, SEX, AND AGE COMPOSITIONS 
In order to measure maintenance of fish 
quality, our first program goal, we needed 
size, age and sex composition data from 
enhanced returns.  Returns from the first three 
brood years (1983-1985) were too small to 
provide meaningful information to the 
database and no eggs were collected in 1986.  
Returns from the 1987 through 1990 brood 
years are complete and provide data for 
comparison to previous years. 

As indicated in previous reports, it is possible 
to use historical age, length, and sex data from 
sport-harvested chinook salmon from Willow 
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Figure 4.-Numbers of chinook salmon harvested and angler-days of 

effort expended sport fishing on Willow Creek, 1979-1996. 
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Figure 5.-Harvest of nonhatchery and hatchery chinook salmon in 

Willow Creek, 1979-1996. 
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Figure 6.-Numbers of nonhatchery and hatchery chinook salmon in the Willow 

Creek and Deception Creek escapement index, 1979-1996. 

 

Creek to determine trends in these parameters 
for the sport-harvested population (Peltz and 
Sweet 1992 and 1993).  Age composition data 
from the sport harvests have been collected 
since 1979 (Table 3).  If the age composition 
of the escapement is assumed the same as that 
of the sport harvest, we can construct a brood 
table which lists the age composition by brood 
year rather than year at return.  Data collected 
prior to interaction of hatchery-produced fish 
(1986) indicate that the majority of fish (60%) 
return after 4 years residence in the ocean 
with lesser numbers after 3 (27%) and 2 
(13%) years (Table 6, Figure 7).  We now 
have five complete brood year returns, 1986-
1990, since significant numbers of hatchery 
fish have been added.  Comparison of the 
mean return by age class for the 1986-1990 
brood years of hatchery and nonhatchery fish 

reveals a higher percentage of hatchery fish 
than nonhatchery fish returning after 2 or 3 
years ocean residence, 47% of the 
nonhatchery fish return as 2- and 3-ocean fish 
whereas 62% of hatchery fish return at this 
age (Table 6).  Males are returning at a 
younger age since the percentage of 2-ocean 
fish has increased substantially and is almost 
exclusively males (jacks).  Other researchers 
(Bilton et al. 1984, and Martin and 
Wertheimer 1989) have documented a decline 
in age at return of hatchery releases 
(particularly males) as the size of the smolt 
increases.  It may be possible to reduce the 
occurrence of “jacking” in the Willow Creek 
chinook salmon smolt releases by reducing 
the size of the smolt released.  However, this 
could cause a reduction in marine survival 
(Bilton 1984) so this course of action is not 







 

 20

advocated at this time.  The age at return 
should continue to be closely monitored as 
additional brood years complete their return. 

Comparable length (Table 4) and sex (Table 
5) data have been collected from the sport 
harvest since 1986.  Sex composition in the 
harvest varies among age classes.  Based on 
the mean of data collected in 1986-1988 
(before hatchery influence), the majority of 2-
ocean (93%) and 3-ocean (58%) fish return as 
males while most 4-ocean (66%) fish return as 
females.  When the 1989-1996 data are 
combined, the resulting mean percents by age 
class were similar to the 1986-1988 percents 
indicating that the addition of hatchery fish 
has not affected the sex ratio within age 
classes of the harvest (Table 5, Figure 8).   

Based on 1986-1988 means, average length 
differences among age classes in the sport 
harvest are obvious with 2-ocean, 3-ocean, 
and 4-ocean fish averaging 622 mm, 845 mm, 
and 957 mm, respectively (Table 4).  The 
1989-1996 mean lengths of 2-ocean and 4-
ocean fish lie well within the 90% confidence 
interval (CI) of the historical mean (1986-
1988) indicating no change in length; 
however, the 1989-1996 mean length of 3-
ocean fish falls slightly below the historical 
mean CI indicating a possible decrease in 
mean length for that year class (Figure 9).  It 
should be noted, however, that the 
prehatchery influenced years (1986-1988) 
have only three seasons’ data available which 
may be too small a sample size to accurately 
represent the return over time.  Scale samples 
and length measurements should continue to 
be collected from the sport harvest to monitor 
any trends in decreasing length and changing 
sex ratios.  

The historic age, length and sex data compiled 
in Tables 3-5 as well as Figures 7-9 should 
provide a basis for future comparison. 

Another indicator of fishery quality is 
maintenance of historic harvest timing; 

however, with the historical changes in the 
characteristics of this fishery it is difficult to 
detect changing trends in harvest timing 
(Sweet and Peltz 1994). 

CONTRIBUTION OF CODED WIRE 
TAGGED STOCKS 
Initial performance of hatchery smolt stocking 
at Willow Creek was well below expectations 
based on a 2% return, as evidenced by returns 
from brood years 1983-1985.  However, the 
1987-1989 brood years with 1.6%, 1.2% and 
1.2% minimum survival, respectively, 
indicated considerable improvement over 
previous years (Table 1, Figure 10).  Returns 
for the following two brood years (1990 and 
1991), however, produced only a 0.6% 
survival.  There are no evident reasons for this 
decline and the following brood years (1992 
and 1993), although not complete, indicate a 
return to the 1%-1.5% survival rate.  If we 
continue to accomplish a 1%-1.5% return 
from a 200,000 fish release we can expect 
2,000 to 3,000 fish available for harvest 
leaving us short of our goal of 4,000. 

The estimated hatchery contribution to the 
Willow Creek total return has varied 
considerably from year to year, ranging from 
157 to 5,329 (Table 2).  The actual hatchery 
return by return year (based on a 2% return of 
the hatchery release calculated by age class 
composition in Table 6) has fallen below 50% 
of the projected estimated hatchery return in 
all years except 1992 and 1993 (Figure 11).  
Years in which there were returns allowing 
harvests of hatchery fish near or above our 
goal of 4,000 fish (1992-1994) were 
influenced by years (1990 and 1991) with 
releases two and three times the 
recommended release of 200,000 smolt.  It 
should be noted that the minimum estimated 
return is based on aerial escapement counts 
which have been shown for other systems to 
equal approximately 50% of the actual 
number present (Whitmore et al. 1996).  With 
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Figure 9.-Willow Creek chinook salmon estimated mean length by age class 

from sport harvests for the period 1986-1996. 

 

this in mind, the number of returning hatchery 
fish in the escapement component of the 
estimate would be approximately double what 
is indicated in Table 2.  Therefore, the actual 
hatchery return for recent years is 
considerably greater than indicated by the 
reported minimum estimated return and 
brings us close to our 4,000 fish goal. 

ESCAPEMENT SURVEYS 
The spawning escapement aerial surveys on 
Willow and Deception creeks serve as 
functional indices of the spawning population.  
These surveys are necessary to measure the 
effectiveness of fisheries management in 
obtaining the escapement goal.  The function 
of the carcass survey is to estimate the relative 
hatchery contribution to the mainstem of 
Willow Creek and Deception Creek. 

The first program goal is to maintain the 
quality and quantity of natural chinook 
salmon production.  The escapement goal for 
the aerial index for Willow and Deception 
creeks, set at the onset of this project, is 2,600 
naturally spawning fish.  This historic 
quantity of natural chinook salmon production 
has been maintained every year since the 
introduction of hatchery fish, except 1994 
(Table 2).  During 1994 all Susitna River 
drainage streams fell below escapement goals, 
suggesting the enhancement program was not 
the cause of the decreased return to Willow 
Creek. 

Because of genetic concerns, Sport Fish 
Division tries to ensure that hatchery releases 
do not outnumber wild production (Larry 
Peltz, Alaska Department of Fish and Game, 
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Figure 10.-Willow Creek chinook salmon projected and actual 

hatchery returns by brood year, 1983-1991. 
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Figure 11.-Willow Creek chinook salmon projected and actual 

hatchery returns for the period 1987-1996 assuming a 2% return. 
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Sport Fish Division, Anchorage, personal 
communication).  The Willow Creek hatchery 
return has remained below 50% of the total 
return throughout the stocking program in 
both the harvest and escapement.  

FISHING OPPORTUNITY 
The last goal of the enhancement program is 
to provide a minimum of 15,000 angler-days 
of participation during the period 10 June 
through 10 July.  This time frame was 
originally set for the purpose of conducting an 
inseason creel survey which was deemed no 
longer necessary beginning with the 1994 
season.  We would like to restate the 
participation goal, measured in angler-days of 
effort, as a seasonal goal.  Effort is dependent 
on the abundance of returning fish and the 
length of the season, neither of which is 
anticipated to increase much beyond existing 
levels.  A large increase in hatchery returns 
occurred during 1992-1994, which, combined 
with a stable annual return of over 4,000 
nonhatchery fish and increased access to the 
fishery, resulted in a corresponding increase 
in angler effort (Table 2).  During these 3 
years, the annual combined return of hatchery 
and nonhatchery chinook salmon was 8,000-
12,000 fish.  In 1992 we exceeded our effort 
goal by 3,000 angler-days, in 1993 we 
attained our goal of 15,000 angler-days, and 
in 1994, a year in which no inseason effort 
survey was conducted, an effort level of 
10,000 angler-days was approximated.  This 
level of effort, between 10,000 and 18,000 
angler-days, should be maintained if returns 
continue to fall near the 8,000-12,000 fish 
range.  We therefore restate our goal to the 
following:  to maintain the level of 
participation at 10,000-15,000 angler-days of 
chinook salmon fishing a year. 

NONHATCHERY STOCK CWT 
PROGRAM 
Depressed chinook salmon returns to the 
Susitna River drainage during the early 1990s 

raised questions about possible marine 
interception of these stocks.  A program to 
CWT juvenile chinook salmon within the 
Willow Creek drainage was found to be 
feasible and was initiated in 1996 when 
approximately 46,000 juveniles were tagged 
and released.  This program will continue 
through 1998.  Recoveries will be made in 
selected Southcentral commercial and 
recreational fisheries and will be used to 
estimate the contribution of tagged stocks to 
the marine harvest.  Returns to Willow Creek 
will be monitored through the present catch 
sampling program and through a weir to be 
constructed in the spring of 1999. 

CONCLUSIONS AND 
RECOMMENDATIONS 

The goals of this project have undergone 
changes from the original goals stated in Peltz 
and Sweet (1992).  The basis of these changes 
are documented in previous reports by Peltz 
and Sweet (1992 and 1993) and Sweet and 
Peltz (1994).  These reports also established 
the database for measuring the performance 
and success of the Willow Creek chinook 
salmon enhancement program.  The 
developmental phase of this project has been 
completed, and based on data assimilated to 
date, the Willow Creek chinook salmon 
project continues to be successful.  However, 
monitoring certain parameters is still 
necessary to assure that our continuing 
assessment is accurate. 

The following recommendations are based on 
data analysis and discussion presented in this 
report: 

1. Continue to obtain age, length, and sex 
data from sport harvests. 

2. Continue to monitor the sport harvest for 
adipose finclipped fish and collect heads 
for coded wire tag recovery. 
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3. Examine carcasses for adipose finclipped 
fish and collect heads for coded wire tag 
recovery in escapement surveys to 
determine the proportion of the Willow 
Creek spawning escapement that is 
hatchery fish. 

4. Maintain existing databases and include 
yearly statistics of interest in the Northern 
Cook Inlet Area Management Report.  A 
periodic progress report should be written 
to document the future success or failure 
of the project. 

5. Restate the present goal of providing 
15,000 angler-days of effort during the 
period 10 June to 10 July to maintaining 
10,000 to 15,000 angler-days of chinook 
salmon fishing opportunity during the 
entire season. 

6. Beginning in 1997 smolt releases should 
be 100% marked to insure no hatchery-
released fish are used as brood stock. 
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