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ABSTRACT 

Creel surveys were conducted in selected sport fisheries for chinook salmon 
Oncorhynchus tshawytscha in northern Cook Inlet during 1987. Roving creel 
surveys were conducted at the sport fisheries in: Deshka River; Alexander 
Creek; and Lake Creek. Direct expansion creel surveys were conducted for the 
fisheries in: Clear Creek; Upper Susitna River; the weekend-only fisheries at 
Willow, Little Willow, Sheep, Goose, and Montana Creeks; and at the Little 
Susitna River. For all fisheries surveyed, the estimated total effort by 
anglers was 287,353 angler-hours. An estimated 17,690 chinook salmon were 
harvested (fish kept only) by anglers and 32,923 chinook salmon were caught 
(fish kept and fish released). The majority of the angler-effort 
(63 percent), chinook salmon harvest (64  percent), and chinook salmon catch 
(68 percent) occurred in the remote (accessible only by boat or plane) 
fisheries which are open 7 days a week. The weekend-only fisheries in Willow 
and Montana Creeks, however, had the second and third largest amount of 
angler-effort for hour the fishery was open and had the largest harvests of 
chinook salmon per hour the fishery was open. The 1 . 3  and 1.4 age groups were 
the most abundant ages in the sport harvests in all streams but the Little 
Susitna River. A total of 50,471 chinook salmon were counted in the 
escapements of tributaries to the Susitna River. 

KEY WORDS: creel survey, northern Cook Inlet, chinook salmon, harvest, 
catch, effort, escapement counts, population age structure 



INTRODUCTION 

The sport fishery for chinook salmon Oncorhynchus tshawytscha in northern Cook 
Inlet is among the largest recreational fisheries in Alaska (Mills 1 9 8 6 ) .  
This fishery occurs in tributaries to the Susitna River and other smaller 
rivers which drain directly into northern Cook Inlet (Figure 1). The areas 
where the sport fishery occurs are categorized into four groups: 
(1) tributaries on the east side of the Susitna River that are accessible from 
the Parks Highway; ( 2 )  remote Susitna and Yentna River tributaries that are 
not road-accessible and primarily enter the mainstem of these rivers from the 
west and north; ( 3 )  the Little Susitna River; and (4)  remote river systems 
that drain directly into northern Cook Inlet from the north and west . 1 

During the 1960s and 1970s ,  the sport fishery for chinook salmon in northern 
Cook Inlet systems was periodically closed because of small chinook salmon 
escapements. The commercial fishery for chinook salmon returning to northern 
Cook Inlet systems was closed from 1963 to 1985. These closures helped 
increase the returns of chinook salmon to a level that resource managers felt 
could once again be exploited. The sport fishery for chinook salmon has been 
open every year since 1979 and a small commercial fishery for chinook salmon 
in northern Cook Inlet reopened in 1986. 

Prior to 1986,  only five streams along the Parks Highway were open to sport 
fishing for chinook salmon. Three of these streams (Willow, Montana, and 
Caswell Creeks) were open only during 4 weekends from late May through mid- 
June, while the Talkeetna and Little Susitna Rivers were open to continuous 
fishing from late May to early July. Effort in these fisheries increased from 
an estimated 47,500 angler-hours in 1979 to over 155,000 angler-hours in 1985 
(Hepler and Bentz 1986) .  During this period, the estimated harvests of 
chinook salmon by these fisheries ranged from 1 , 6 5 0  fish in 1979 to nearly 
4 , 9 0 0  fish in 1984 (Hepler and Bentz 1986) .  In 1986,  five additional road- 
accessible streams (Little Willow, Sheep, Goose, Sunshine, and Birch Creeks) 
were opened to fishing during 4 weekends from late May through mid-June. In 
1987,  the entire Susitna River corridor between the mouth of the river and 
upstream to the confluence of the Talkeetna River was opened to sport fishing 
and the weekend fishing period on these streams was extended to include 
Mondays. 

The number of remote streams open to chinook salmon fishing in the Susitna and 
Yentna River drainages and in western Cook Inlet has also increased since 
1979. From 1979 to 1982,  only the Deshka River and Lake and Alexander Creeks 
were open to chinook salmon fishing. In 1983,  the open area was expanded to 
include the entire Chuitna and Yentna River drainages. In 1984,  all coastal 
streams draining into western Cook Inlet north of the West Foreland and all 
tributaries on the west side of the Susitna River downstream of the Deshka 
River were added to the open area (Figure 1). These additional openings 
helped to increase angler-effort in the remote fisheries from an estimated 
65,900 angler-hours in 1979 to 136,400 angler-hours in 1985 (Hepler and Bentz 
1986) .  During the period 1979 through 1986,  the estimated harvests of chinook 
salmon by these fisheries ranged from 3,166 fish in 1981 to 11,413 fish in 

The remote river systems were not surveyed in 1987.  
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1985 (Hepler and Bentz 1986) .  In 1987, the upper Susitna River drainage above 
its confluence with the Talkeetna River was also opened to sport fishing and 
1 additional week was added to the fishing season on the remote streams. 

The objectives of this report are to present: (1) estimates of angler-effort 
for sport fisheries in selected roadside and remote streams in the Susitna 
River drainage and in the Little Susitna River; (2) estimates of the harvest 
(number of fish kept by anglers) and catch (number of fish kept plus those 
released by anglers) of chinook salmon; ( 3 )  estimates of the sex, age, and 
length compositions of harvested chinook salmon; and ( 4 )  estimates of the min- 
imum escapement of chinook salmon to selected index streams in northern Cook 
Inlet. 

Harvest and effort estimates for the years 1979 to 1986 are presented in Bentz 
(1982, 1 9 8 3 ) ,  Delaney and Hepler (1983) ,  Hepler and Bentz (1984, 1985,  1986,  
1 9 8 7 ) ,  Hepler and Kubik (1982) ,  Kubik (1980, 1981) ,  and Watsjold (1980, 1981) .  

METHODS 

Creel Surveys 

Roving and direct expansion creel surveys were used in this study. The sample 
design and methods of analysis for each are described below. 

Roving Creel Surveys: 

Roving creel surveys (Neuhold and Lu 1957) were conducted to estimate effort 
for and catch and harvest of chinook salmon by anglers on the Deshka River and 
Alexander and Lake Creeks. Brief descriptions of these systems follow: 

Deshka River. Approximately 50 km ( 3 1  mi) of the Deshka River were open to 
fishing for chinook salmon from 1 January to 1 3  July. The open section was 
divided into two survey areas for the creel survey. The downstream area 
encompassed the lower 1 . 6  km (1.0 mi) of the river from its confluence with 
the Susitna River upstream to the Alaska Department of Fish and Game cabin. 
Primary access by anglers to the downstream area is by riverboats launched 
from Susitna Landing. The upstream area included the remaining open section 
from the cabin upstream to the confluence of Moose and Kroto creeks. Primary 
access by anglers to this area is by riverboats that travel upstream from the 
mouth, floatplanes that land on nearby lakes, and float trips that originate 
from Petersville Road. 

Alexander Creek. The entire Alexander Creek drainage was open to fishing for 
chinook salmon from 1 January to 13  July. The open section was divided into 
two survey areas. The downstream area encompassed the lower 1 . 6  km (1.0 mi) 
from the creek's confluence with the Susitna River upstream to Gabbert's Fish 
Camp and the upstream area encompassed the remaining open section from 
Gabbert's Fish Camp upstream to Alexander Lake. Primary access by anglers to 
the downstream area is by riverboats, wheel planes, and floatplanes and to the 
upper area by float trips that originate from Alexander Lake and riverboats 
that travel upstream from the creek's mouth. 
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Lake Creek. The entire drainage of Lake Creek was open to fishing for chinook 
salmon from 1 January to 1 3  July. Physical barriers within the river, how- 
ever, restricted the majority of the anglers to the lower 3 . 2  km (2 .0  mi) of 
the river. The survey area only included the lower 3 . 2  km of the stream. 
Primary access by anglers to this fishery is by floatplanes and riverboats. 

A stratified random sample design was used for angler counts on the downstream 
areas of the Deshka River and Alexander Creek and on Lake Creek. Days were 
stratified into either three (downstream Deshka River and Alexander Creek) or 
five (Lake Creek) sample periods. Effort was estimated separately for week- 
days and for weekendsfiolidays on each week the fishery was surveyed. Within 
each period (A, B, etc.), 3 days were randomly selected without replacement 
for conducting angler counts during weekdays. An angler count was conducted 
in each period on each weekendholiday day. 

Counts of anglers were conducted from a fixed-wing aircraft on the upstream 
areas of the Deshka River and Alexander Creek. Because of the expense of 
these surveys only five counts were conducted each week, three on randomly 
selected (without replacement) weekdays and one on each weekend/holiday day. 
A simple random sample design was used. The angler day was stratified into 
three 6-hour sample periods to ensure the distribution of sampling effort over 
the defined angler-day. 

Details for the creel survey at each location were as follows: 

Deshka River - downstream. 

1. Dates: 23 May to 2 July. 
2.  Fishing day: 1 8  hours, 0500 through 2300. 
3 .  Daily periods: three 6-hour sample periods (A, B, and C). 
4 .  Sample unit length: 2 hours. 
5. Other: Survey clerks only interviewed anglers who indicated 

they would not exit this fishery through the boat launch at 
Susitna Landing or Willow Creek. 

Deshka River - upstream. 

1. Dates: 23 May to 1 2  July. 
2.  Fishing day: 1 8  hours, 0500 through 2300. 
3. Daily periods: three 6-hour sample periods (A, B, and C). 
4 .  Other: Catch rate and harvest rate data for this location were 

collected from anglers exiting the fishery at Susitna Landing 
(refer to the direct expansion methods for a description of 
this location). 

Alexander Creek - downstream. 

1. Dates: 23 May to 14 June. 
2.  Fishing day: 18  hours, 0500 through 2300. 
3 .  Daily periods: three 6-hour sample periods (A, B, and C). 
4 .  Sample unit length: 2 hours. 
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Alexander Creek - upstream. 

1. Dates: 8 June to 12 July. 
2. Fishing day: 18 hours, 0500 through 2300. 
3 .  Daily periods: three 6-hour sample periods (A, B, and C). 
4. Other: Catch rate and harvest rate data for this location were 

collected from anglers exiting the fishery through the 
downstream area of Alexander Creek. 

Lake Creek. 

1. Dates: 6 June to 12 July. 
2. Fishing Day: 20 hours, 0500 through 0100 (next day). 
3 .  Daily periods: five 4-hour sample periods (A, B, C, D, and 

4. Sample unit length: 2 hours during weekendsfioliday and 
E) - 
4 hours during weekdays. 

Within a period selected for sampling, a starting time was randomly selected 
to conduct an angler count from the whole hours in the period (e.g., 0500, 
0600). Anglers were counted while driving a riverboat the length of the sur- 
vey area on Lake Creek and in the downstream survey areas of the Deshka River 
and Alexander Creek. It took approximately 15 minutes to conduct an angler 
count in these areas. Anglers were counted from a fixed-wing aircraft on the 
upstream areas of the Deshka River and Alexander Creek. A coin was tossed to 
determine the starting point (upstream or downstream) for beginning the angler 
count at the start of a selected count time. Angler counts were considered 
instantaneous events (Neuhold and Lu 1957). 

Angler interviews were conducted during the time in a sample unit not used for 
the angler count. Interviews were conducted throughout the length of the sur- 
vey area on Lake Creek and the downstream areas of the Deshka River and 
Alexander Creek. Survey clerks recorded the following information from each 
angler interviewed: 

1. The number of hours spent fishing. 
2. The number and species of fish harvested. 
3. The number and species of fish released. 
4 .  Whether the angler had completed the fishing trip or not. 
5. Whether or not the angler had been interviewed previously 

during the same day. 
6. Whether or not the angler was using a professional guide. 
7. Whether the angler used guided, chartered, or private 

transportation to reach the fishery. 
8 .  For boat anglers, whether the boat was an inboard, 

airboat, raft, or outboard. Additionally, if an outboard 
was used, which of the following categories it fell into: 
2-49 horse power (hp), 50-80 hp, or greater than 80 hp. 

For the downstream Deshka River, downstream Alexander Creek, and Lake Creek 
surveys, angler effort and its variance were estimated separately for the 
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weekdays and weekendholiday components of each week. 
follows (Scheaffer et al. 1979) :  

Effort was estimated as 

Definitions of the notation for the roving creel surveys are presented 

in Table 1. The variance of E was estimated by (Scheaffer et al. 
1979)  : 

A 

j 

A p 2 2  
V(E) = C [H-(s./n.)] 

j=1 J J J 

For the surveys of the upstream areas of the Deshka River and Alexander Creek, 
effort and its variance were estimated for each week as: 

- A 
E =  XH 

A 
and variance of E by: 

A 2 2  
V(E) = H (s/n) 

131 

[41 

Total effort for each fishery was estimated by summing all the weekday and 
weekend/holiday estimates. Since these are considered independent estimates, 
the estimated variance of the total was the sum of the variances. 

Rates of catch (fish kept plus those released) and harvest (fish kept only) of 
chinook salmon were estimated using a two-stage sample design with a finite 
number of primary sampling units (days) and an unknown number of secondary 
units (anglers). Only completed-trip interviews were used to estimate catch 
and harvest rates on the Deshka River and Alexander and Lake Creeks. Catch 
rates were estimated for each sampled day and for each weekday and 
weekend/holiday component. Catch per unit of effort (CPUE) was estimated for 
each of the weekday and weekend/holiday components of the fishery as: 

The variance of CPUE was approximated using the formula for the quotient of 
the mean of two random variables (Jessen 1978) ,  which is: 
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Table 1. Definitions for the notation used in the equations for the roving 
creel surveys. 

~~ ~~ ~ ~~ ~ 

No tat ion Definition 

A 
C 

- 
C 

- 
'i 

'ik 

D 

d 

A 
E 

- 
f 

fik 

H 

Hj 

mi 

n 

n j 

the estimate of catch' during a specific weekday or weekendholiday 
component of a fishery. 

the mean catch' per angler by all anglers interviewed during a 
specific weekday or weekendholiday component of a fishery. 

the mean catch' per angler by all anglers interviewed on day i during 
a specific weekday or weekendholiday component of a fishery. 

the catch' by angler k interviewed on day i during a specific weekday 
or weekendholiday component of a fishery. 

the number of days the fishery was open during a specific weekday or 
weekendholiday component of a fishery. 

the number of days on which angler interviews were conducted during 
a specific weekday or weekendholiday component of a fishery. 

the estimate of effort in angler-hours for a specific weekday or 
weekendholiday component of a fishery. 

the mean number of hours fished by all anglers interviewed during a 
specific weekday or weekendholiday component of a fishery. 

the number of hours spent fishing by angler k interviewed on day i 
during a specific weekday or weekendholiday component of a fishery. 

the number of hours of possible fishing time during a specific 
weekday or weekendholiday component of a fishery. 

the number of hours of possible fishing time during period j of a 
specific weekday or weekendholiday component of a fishery. 

the number of anglers interviewed on day i during a specific weekday 
or weekendholiday component of a fishery. 

the number of angler counts conducted during a specific weekday or 
weekendholiday component of a fishery. 

the number of angler counts conducted during period j of a specific 
weekday or weekendholiday component of a fishery. 

-continued- 
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Table 1. Definitions for the notation used in the equations for the roving 
creel surveys (continued). 

No tat ion Definition 

P 

r 

2 
S 

2 
sC 

2 
Sf 

2 
'i 

2 
j 

S 

- 
X 

- 
j 

X 

the number of daily time periods ( A ,  B, C, etc.) in a specific 
weekday or weekendholiday component of a fishery. 

the correlation between the cik and fik for anglers interviewed 
during a specific weekday or weekendholiday component of a fishery 

the sample variance for the mean angler count during a specific 
weekday or weekendfioliday component of a fishery (x). 
the two-stage estimate of variance for the mean catch by anglers 
interviewed during a specific weekday or weekendholiday component of 
a fishery (c) . 
the two-stage estimate of variance for the mean effort by anglers 
interviewed during a specific weekday or weekendholiday component of 
a fishery (7 ) .  

the sample variance for the mean catch by anglers interviewed on day 
i of a specific weekday or weekendholiday component of a fishery 
(Ci) - 
the sample variance for the mean angler count during period j of a 
specific weekday or weekendholiday component of a fishery (x.). 
the mean angler count for a specific weekday or weekendholiday 
component of a fishery. 

J 

the mean angler count for period j during a specific weekday or 
weekendholiday component of a fishery. 

Catch refers to either the catch of a single species (fish kept plus 
those released) or to harvest of a single species (fish kept) 
depending on the quantity being estimated. 
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- 
The two-stage variance estimate for c was (Sukhatme et al. 1984, Von 
Geldern and Tomlinson 1973): 

where : 

The variance for was estimated identically as for by substituting 
the necessary quantities for effort into equations 7 and 8. 

Total catch for any weekday or weekendfioliday component was estimated as: 

A A  
C - E CPUE [ 9 1  

The variance of this estimate was calculated using the formula for the product 
of two independent random variables (Goodman 1960): 

A 
V(2) = [$2 V(CPUE)] + [CPUE2 V(E)] - [V($) V(CPUE)] [ I 0 1  

Mean harvest rates and total harvest, and associated variances, were estimated 
for each weekday and weekendfioliday component following the above procedures 
with the exception that fish harvested by interviewed anglers were used. 

The total catch and harvest for each fishery was estimated by summing the 
estimates for all the weekday and weekendfioliday components. Since these are 
considered independent estimates, the estimated variance of the total was the 
sum of the variances. 

Several necessary assumptions are: 

1. Angler counts made during the same day and on consecutive days 
are independent. 

2. Interviewed anglers are representative of the total angler 
population. 

3. The number of anglers interviewed during any day is proportional to 
the effort on that day. 

4 .  No significant fishing effort occurs during the hours 2300-0500 on 
Alexander Creek and the Deshka River and during the hours 0100-0500 
on Lake Creek. 

The harvest of chinook salmon per angler-hour (HPUE) by anglers interviewed at 
the survey location in the downstream area of the Deshka River was compared to 
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the HPUE by Deshka River anglers who exited the downstream fishery at the 
Susitna Landing survey location. Anglers interviewed at the survey location 
in the downstream area of the Deshka River were not interviewed again at the 
Susitna Landing survey location so the two data sets were considered indepen- 
dent. To test whether the two sets of interview data could be pooled, a sign 
test (Conover 1980)  was performed on the differences between the daily HPUE of 
chinook salmon at each location by treating the two estimates of HPUE as 
paired samples. Only days when five or more anglers were interviewed at each 
location were included in the analysis. The hypothesis tested can be stated 
as : the probability of HPUE estimated from the Susitna Landing interviews 
being larger than HPUE for the Deshka River interviews on any given day is the 
same as the probability of it being smaller. The sign test was selected 
because the values of HPUE were small and no assumption about the distribution 
of the data were necessary for the test. 

Appropriate catch rate and harvest rate data collected from anglers at the 
Susitna Landing survey location were used to estimate catch and harvest by the 
fishery in the upstream area of the Deshka River. 

Direct Expansion Creel Surveys: 

Direct expansion creel surveys were used on the upper Susitna River; Clear, 
Willow, Little Willow, Sheep, Goose, and Montana Creeks; and the Little 
Susitna River. Brief descriptions of these systems follow: 

Talkeetna River (Clear Creek). The Talkeetna River, which enters from the 
east at kilometer 157.8  (mile 9 8 . 0 ) ,  is a major tributary to the Susitna 
River. The entire Talkeetna River drainage is open to chinook salmon fishing, 
however, due to the high turbidity in the mainstem of the Talkeetna River and 
rapids which are not passable by boat at approximately kilometer 29.0 
(mile 18.0), fishing effort is concentrated at kilometer 8 . 1  (mile 5 . 0 )  near 
the mouth of Clear (Chunilna) Creek. Clear Creek was open to chinook salmon 
fishing for 3 . 2  km ( 2 . 0  mi) upstream from the creek's mouth from 1 January to 
13 July. This fishery was accessible only by riverboat. Angler interviews 
for this fishery were collected at the boat landing in Talkeetna. 

Umer Susitna River. Approximately 80 km (50 mi) of the upper Susitna River, 
including all tributaries such as Indian River and Portage and Fourth of J u l y  
Creeks, were open to fishing for chinook salmon from 1 January to 13 July. 
Primary access by anglers to this area is by riverboats launched at Talkeetna 
and float trips that originate at the Gold Creek railroad bridge. Angler 
interviews for this area were collected at the boat landing in Talkeetna. 

Willow Creek. The section open to fishing for chinook salmon in Willow Creek 
included all waters within a 0 . 4  km ( 0 . 2 5  mi) radius of the creek's confluence 
with the Susitna River and upstream to the Parks Highway. This section was 
open to fishing for chinook salmon on 4 consecutive weekends (from 
0001 Saturday to 2400 Monday) from 1 3  June to 6 July. Generally, salmon hold 
in the confluence area and migrate upstream to the area near the Parks Highway 
bridge in early July. Because the stream is accessible from the road, primary 
access by anglers to the fishery is by vehicle and foot. Anglers normally 
fish within 0 . 8  km ( 0 . 5  mi) of the bridge area. Three access locations were 
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surveyed: (1) the Parks Highway bridge, where anglers either reach the river 
from the road and fish near the bridge or use the private boat launch near the 
bridge; ( 2 )  Susitna Landing, where anglers reach Willow Creek using boats 
launched at the Landing; and ( 3 )  the head of the trail that leads to the mouth 
of Willow Creek, where anglers reach the stream by foot and fish in the vicin- 
ity of the creek’s confluence with the Susitna River. 

Little Willow Creek. The section open to fishing for chinook salmon in Little 
Willow Creek included all waters within a 0 . 4  km ( 0 . 2 5  mi) radius of the 
creek‘s confluence with the Susitna River and upstream to the Parks Highway. 
This section was open to fishing for chinook salmon on 4 consecutive weekends 
(0001 Saturday to 2400 Monday) from 1 3  June to 6 July. Similar to Willow 
Creek, salmon hold in the confluence area and migrate upstream to the area 
near the Parks Highway bridge in early July. Because the stream is accessible 
from the road, most anglers reach the fishing area by vehicle and foot. 
Anglers normally fish within 0 . 8  km ( 0 . 5  mi) of the bridge area. Three access 
locations were surveyed: (1) the Parks Highway bridge, where anglers reach 
the river from the road and fish near the bridge; ( 2 )  Susitna Landing, where 
anglers reach Little Willow Creek using boats launched at the Landing; and 
( 3 )  Willow Creek boat landing, where anglers reach Little Willow Creek using 
boats launched at the landing. 

Sheep. Goose. and Montana Creeks. These streams were open to chinook salmon 
fishing on 4 consecutive weekends (from 0001 Saturday to 2400 Monday) from 
13 June to 6 July within a 0 . 4  km ( 0 . 2 5  mi) radius of their confluence with 
the Susitna River and upstream to the Parks Highway bridges. The length of 
stream which is open to fishing varies with the morphology of the stream and 
ranges from approximately 0 . 8  to 13.0 km ( 0 . 5  to 8 . 0  mi). These streams are 
accessible from the Parks Highway, foot trails from the Parks Highway to the 
open fishing areas, and by riverboat. The streams were surveyed at their 
Parks Highway access sites. 

Little Susitna River. Approximately 113 km (70 mi) of the Little Susitna 
River were open to fishing for chinook salmon from 1 January to 6 July. The 
creel survey was conducted at the two major access sites to the open section 
of the river. The lower river site, referred to as the Burma Road survey 
location, is located 45 km ( 2 8  mi) above the river mouth. Most anglers reach 
this site from a gravel road that branches off the Knik-Goose Bay Road. The 
upper river site, referred to as the Miller’s Landing survey location, is 
located at the Parks Highway bridge which is the upper limit of the open sec- 
tion for chinook salmon fishing. 

A stratified random sample design was used for the direct expansion creel sur- 
veys. The angler day was stratified into either two, three, or four sample 
periods. Effort was estimated separately for the weekday and weekend/holiday 
components of each week the fishery was surveyed. Within each period ( A ,  B, 
etc.), 3 days were randomly selected without replacement for sampling during 
the weekdays. Each period was sampled on each weekendfioliday day for all the 
survey locations except Goose and Little Willow creeks; only two of the four 
daily periods were sampled at these locations. 
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Details for the creel survey at each location were as follows: 

Talkeetna Boat Landinrr (Clear Creek and Umer Susitna River). 

The Talkeetna boat landing is the primary boat launch used by recre- 
ational boaters in the Susitna River north of Talkeetna and Talkeetna 
River drainages. The landing is located in the village of Talkeetna on 
the Talkeetna River near its confluence with the Susitna River. 

1. Dates: 13 June to 13 July. 
2 .  Fishing day: 16 hours, 0800 through 2400. 
3. Daily periods: two 8-hour sample periods (A and B). 
4 .  Sample unit length: 3.5 hours. 

Willow (mouth and bridge), - SheeD. and Montana creeks. 

1. Dates: 13 June (Sheep Creek) and 20 June (Willow and Montana 

2 .  Fishing day: 24 hours, 0000 through 2400. 
3. Daily periods: 6 hours for A and C and 12 hours for B. 
4 .  Sample unit length: 3 hours for A and C, 4 hours for B on 

Creeks) to 6 July; weekends (Saturday, Sunday, and Monday) only. 

Montana and Sheep Creeks and 3 hours for A and C, 6 hours for C on 
Willow Creek. 

Little Willow and Goose creeks. 

1. Dates: 27 June to 6 July. 
2. Fishing day: 24 hours, 0000 through 2400. 
3. Daily periods: four 6-hour sample periods ( A ,  B, C, and D). 
4 .  Sample unit length: 3 hours. 

Susitna Landing (Willow and Little Willow creeks): 

Susitna Landing is the primary boat launch used by recreational boaters 
for the Susitna River drainage below the Parks Highway bridge. The 
landing is located on the Kashwitna River near its confluence with the 
Susitna River. 

1. Dates: 13 June to 6 July. 
2. Fishing day: 18 hours, 0500 through 2300. 
3. Daily periods: three 6-hour sample periods ( A ,  B, and C). 
4 .  Sample unit length: 3 hours. 

Little Susitna River (Burma Road). 

1. Dates: 1 June to 6 July. 
2. Fishing day: 20 hours, 0400 through 2400. 
3. Daily periods: four 5-hour sample periods ( A ,  B, C, and D). 
4 .  Sample unit length: 3 hours. 

13 



Little Susitna River (Miller's Landin&. 

1. Dates: 15 June to 6 July. 
2. Fishing day: 16 hours, 0800 through 2400. 
3 .  Daily periods: two 8-hour sample periods (A and B). 
4. Sample unit length: 3.5 hours. 

Within a period selected for sampling, a time to begin sampling was randomly 
selected from those whole hours in the period (0500, 0600, etc.) which allowed 
the entire sample unit to fall within the defined period. A creel survey 
clerk was stationed at an access site to a fishery during a selected sample 
period. All anglers departing the fishery through the access site during the 
sample period were contacted by the survey clerk. Survey clerks recorded the 
same information from each interviewed angler as previously described for the 
roving creel surveys. If the survey clerk was unable to contact all anglers 
(usually due to large numbers of anglers leaving the fishery at the same 
time), a count of all anglers who were not interviewed was kept. 

We are not aware of any previous documentation of methods for estimating 
effort, catch, and harvest in direct expansion creel surveys that include 
estimates of variance for these quantities. Therefore, a detailed description 
of our methods and the rationale behind them will be presented. Definitions 
of the notation used to describe the direct expansion surveys are presented in 
Table 2. 

The estimation of angler effort by a direct expansion creel survey can be 
considered as a problem in estimating a rate. Effort was estimated in units 
of angler-hours. The rate estimated was the number of angler-hours leaving an 
access site during each hour the fishery was in progress. The product of  this 
rate and the total number of possible fishing hours in the fishery was an 
estimate of angler effort. This was expressed as: 

A p  
E =.X H. (e-/h-) ~ = 1  J J J 

The variance of effort was estimated as: 

The variance of the 
the quotient of two 

- 
rate, e ./h 
random variables (Jessen 1978): 

was approximated by the variance for J j' 

2 2 -2 2 -2 - -  
V(e./h-) = (e-/he) (l/dj)(se/ej + "h/hj - 2rsesh/ejhj)(l - hj/Hj) [13] J J  J J  
In most of the fisheries surveyed, the time spent surveying on day i of period 
j (hij) was relatively constant on each sampling occasion. In some instances, 
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Table 2. Definitions for the notation used in the equations for the direct 
expansion creel surveys. 

Not at ion Definition 

D 

dj 

A 
E 

- 
j 
e 

ei j 

- 
fij 

Hj 

hj 

- 

h -  J 

hij 

Mi j 

mi j 

P 

the number of days the fishery was open during a specific weekday or 
weekendholiday component of a fishery'. 

the number of days censused during period j of a specific weekday or 
weekendholiday component of a fishery'. 

the estimate of effort in angler-hours2 for a specific weekday or 
weekendfioliday component of a fishery'. 

the mean number of angler-hours2 leaving a census site during 
a sample unit in period j of a specific weekday or weekendholiday 
component of a fishery'. 

the number of angler-hours2 leaving a census site during period j on 
day i of a specific weekday or weekendholiday component of a 
fishery' . 

the mean number of hours fished by anglers censused during period j 
on day i of a specific weekday or weekendholiday component of a 
f ishery' . 

the number of hours of possible fishing time during period j of a 
specific weekday or weekendholiday component of a fishery'. 

the mean number of hours censused on days sampled during period j 
of a specific weekday or weekendholiday component of a fishery'. 

the number of hours censused during period j of a specific weekday or 
weekendholiday component of a f ishery'. 

the number of hours censused during period j on day i of a specific 
weekday or weekendholiday component of a fishery' . 

the number of completed-trip anglers leaving the fishery during 
period j of day i during a specific weekday or weekendholiday 
component of a fishery'. 

the number of completed-trip anglers leaving the fishery who are 
interviewed during period j of day i during a specific weekday or 
weekendholiday component of a f ishery' . 

the number of daily time periods ( A ,  B, C, etc.) in a specific 
weekday or weekendfioliday component of a fishery' . 

-continued- 
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Table 2 .  Definitions for the notation used in the equations for the direct 
expansion creel surveys (continued). 

No tat ion Definition 

r the correlation between the eij and hij for sample units collected 
during a specific weekday or weekendholiday component of a fishery'. 

the sample variance for the mean number of angler-hours leaving a 
census site on a sample day during a period of a specific weekday or 
weekendholiday component of a fishery' (e.) . 

2 
'e 

J 
2 

seij the estimated sample variance for the man number of wler-hours 
leaving a census site during period j on day i of - a specific weekday 
or weekendboliday component of a fishery' (eij) . 

the sample variance for the mean effort by anglers departing a 
fishery during period j on day i of a specific weekday or 
weekendholiday component of a fishery' (F. .) . 

the sample variance for the mean number of hours censused on a sample 
day during a period 
component of a fishery' (E-) . 

2 
'fi j 

fJ 
2 

Sh 
of a specific weekday or weekendholiday 

J 

' Fishery refers to an access site that is censused to estimate effort and 
catch for a particular fishery. 

All angler-hours referred to are for completed- trip anglers. 
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however, hij varied considerably during the fishery due to logistical problems 
and the hij were considered random variables. This variation is represented 

by the variance of the sample unit length in Equation 1 3  (sh). The coeffi- 
cient of variation was used to determine if the hi. were treated as random 
variables. If the coefficient of variation exceeded 4 0 % ,  the hij were treated 
as random variables, otherwise the hij were treated as constant. 

2 

2 
For hij constant, Sh equals zero and the variance of the estimate of angler 
effort simplifies to: 

A p  2 2  
V ( E )  = C d .  (H./h.) S, (1 - h-/H.) 

j-1 J J J J J  

When it was not possible to interview all anglers leaving the access site, the 
effort by the anglers who were not interviewed was estimated. In contrast to 
the previous situation, where the effort leaving the fishery during period j 
on day i (eij) was considered to be measured without error, error is now asso- 
ciated with eij. Effort leaving the fishery during a given sample unit was 
estimated for period j on day i by: 

and 

A 2 2  
V(e- .) = Mij (sfij/m. -) (1 - mij/M.-) 

1J  1J  1 J  

Effort for period j was estimated by: 

A A 
E .  = H. (e-/h-) ~ 7 1  J J J J  

A 
The variance of E. was estimated using equations 12 and 1 3  with the excep- 
tion that the variance of the mean number of angler-hours of effort by 
completed-trip anglers censused during each sampling event now has two compo- 
nents, the within-day variance due to missed anglers and the between-day vari- 
ance. Letting 

3 

2 A2 - A2 
S, - sBe + h-/[d-(H - hj)] (C seij) 

i=l J J j  

estimate the variance of e 
to : 

with the between-day variance (sBe) equal 
j 
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A2 2 A 
E. was estimated by substituting se for se in equation 1 3  the variance of 

(Sukhatme et al. 1984). 

2 A2 
By replacing se with se, the variance of the angler effort estimate simplifies 
to equation 14 when the h are constant. 

The catch and harvest of a species, and their variances, were estimated with 
the same procedures used to estimate effort by simply substituting the corre- 
sponding quantities for catch or harvest in place of effort. 

j 

Assumptions necessary for the direct expansion creel survey design are: 

1. No significant fishing effort occurs during the hours not 

2. All anglers participating in a particular fishery exit the 

3 .  All anglers who are not interviewed are counted and all non- 

included in the fishing day. 

fishery through a surveyed access site. 

interviewed anglers are completed-trip anglers. 

Biological Data: 

At each fishery, the chinook salmon harvested by the sport fishery were 
randomly sampled for age, sex, and length. 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 Clutter and Whitesel (1956). Scales were mounted on adhesive- 
coated cards and impressions were made in cellulose acetate. Age determina- 
tions were made by examination of scales using a microfiche reader. Ages were 
designated using the European method (Koo 1962) where the first number refers 
to the number of years of freshwater residence after emergence and the second 
number refers to the number of years of marine residence. Fish lengths were 
measured from the middle of the eye to fork of the tail to the nearest 0.5 cm. 

The proportional age composition of the sampled portion of the sport 

harvest was estimated for each fishery. Letting ph equal the estimated 
A 

proportion of age group h in the sample, the variance of ph was estima- 
ted using the normal approximation to the binomial (Scheaffer et al. 1979): 

A 

where nT is the total number of legible scales collected from chinook salmon 
during the fishery. 
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Mean length at age by sex and its variance were estimated using standard 
normal procedures. 

Escapement Counts 

Chinook salmon spawning in established index streams within the study area 
were counted during aerial and foot surveys. Ease of access determined the 
survey type for each index stream. Surveys were conducted during the peak 
spawning period which was identified through frequent inspections of spawning 
activity in index streams which are easily accessible. Escapement data 
reported are the maximum number of fish, both live and dead, observed during a 
single survey. No attempt has been made to account for fish not observed due 
to poor visibility, migrational timing, or decay. Additional escapement data 
were collected from a weir located on Deception Creek. 

RESULTS 

Remote Streams 

The remote streams are those which anglers can reach only by boat or plane. 
In 1987,  creel surveys were conducted in the following remote streams: Deshka 
River, both downstream and upstream sections; Alexander Creek, both downstream 
and upstream sections; Lake Creek; Clear Creek in the Talkeetna River; and the 
Upper Susitna River. Angler count creel surveys were used at all locations 
except for Clear Creek and the Upper Susitna River where direct expansion 
creel surveys were used. The fisheries in these streams are open 7 days a 
week. 

Deshka River: 

The creel survey of the Deshka River was conducted from 23 May through 2 July 
in the downstream section and 23 May through 1 2  July in the upstream section 
of the river. 

Effort. Anglers counts ranged from 2 to 2 5 1  in the downstream section and 
from 0 to 133 in the upstream section (Appendix Table 1). Estimated angler- 
effort during the survey was 71,687 angler-hours, 43,127 angler-hours (60%) in 
the downstream section and 28,560 angler-hours ( 4 0 % )  in the upstream section 
(Table 3 ) .  The distribution of fishing effort between the weekday and 
weekendholiday components was about equal in both sections of the river; 41% 
of the downstream effort and 42% of the upstream effort occurred during the 
weekendholiday component. 

Harvest Rates and Catch Rates. The sign test comparing the daily values of 
harvest per hour of chinook salmon in the downstream section estimated using 
interviews from anglers exiting the fishery at Susitna Landing to the daily 
HPUE values using interviews of anglers not exiting the fishery through 
Susitna Landing (Appendix Table 2) was not significant (P =. 0.10) and the two 
groups of interviews were pooled. Daily harvest rates of chinook salmon 
ranged from 0.000 to 0.300 fish per hour (Appendix Table 3)  in the downstream 
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section of the Deshka River and from 0.000 to 0 . 2 5 0  fish per hour in the 
upstream section (Appendix Table 4 ) .  The weekend/holiday component from 27 to 
28 June had the highest chinook salmon harvest rate, 0 . 1 1 3  fish per hour, of 
all components in the downstream section and the weekday components from 15 to 
1 9  June and 22 to 26 June had the highest chinook salmon harvest rates, 
0 . 1 0 2  fish per hour, of all components in the upstream section (Table 4 ) .  
Catch rates of chinook salmon peaked from 15 to 1 9  June in the downstream 
section and from 27 to 28 June in the upstream section (Figure 2 ) .  

Harvest and Catch. The estimated harvest of chinook salmon in the Deshka 
River during the creel survey was 4 , 8 7 0  fish; 2 , 9 2 4  chinook salmon ( 6 0 % )  were 
harvested in the downstream section and 1 , 9 4 6  chinook salmon ( 4 0 % )  were har- 
vested in the upstream section (Table 5). In the downstream section, 38% of 
the chinook salmon caught by anglers were released and, in the upstream sec- 
tion, 23% of the chinook salmon caught were released. 

Alexander Creek: 

The creel survey of Alexander Creek was conducted from 23 May through 14 June 
in the downstream section and from 8 June through 1 2  July in the upstream sec- 
tion. 

Effort. Anglers counts ranged from 2 to 7 3  in the downstream section and from 
0 to 8 1  in the upstream section (Appendix Table 5). Estimated effort during 
the survey was 27,067 angler-hours, 9 , 5 9 5  angler-hours ( 3 5 % )  in the downstream 
section and 1 7 , 4 7 2  angler-hours ( 6 5 % )  in the upstream section (Table 6 ) .  In 
the downstream section of the river, 46% of the angler-effort occurred during 
the weekendholiday component but in the upstream section only 28% of the 
effort occurred during this component. 

Harvest Rates and Catch Rates. Daily harvest rates of chinook salmon ranged 
from 0.000 to 0 . 5 9 3  fish per hour (Appendix Table 6 )  in the downstream section 
of Alexander Creek and from 0.000 to 0 . 1 4 3  fish per hour in the upstream sec- 
tion (Appendix Table 7 ) .  The weekday component from 1 to 5 June had the high- 
est chinook salmon harvest rate, 0 . 0 9 6  fish per hour, of all components in the 
downstream section and the weekend/holiday components from 1 3  to 21 June had 
the highest chinook salmon harvest rate, 0 . 0 9 2  fish per hour, of all compo- 
nents in the upstream section (Table 7 ) .  Catch rates of chinook salmon peaked 
from 8 to 1 2  June in the downstream section and from 27 to 28 June in the 
upstream section (Figure 3 ) .  

Harvest and Catch. The estimated harvest of chinook salmon in Alexander Creek 
during the creel survey was 1 , 9 6 1  fish; 711 chinook salmon ( 3 6 % )  were har- 
vested in the downstream section and 1 , 2 5 0  chinook salmon ( 6 4 % )  were harvested 
in the upstream section (Table 8 ) .  In the downstream section, 52% of the 
chinook salmon caught by anglers were released and, in the upstream section, 
64% of the chinook salmon caught were released. 
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Lake Creek: 

The creel survey of Lake Creek was conducted from 6 June through 1 2  July. 

Effort. Anglers counts ranged from 0 to 1 7 0  (Appendix Table 8 ) .  Estimated 
angler-effort during the survey was 3 3 , 5 0 9  angler-hours, 1 2 , 7 4 4  angler-hours 
( 3 8 % )  occurred during the weekendboliday component and 2 0 , 7 6 5  angler-hours 
( 6 2 % )  during the weekday component (Table 9 ) .  

Harvest Rates and Catch Rates. Daily harvest rates of chinook salmon ranged 
from 0.000 to 0 . 0 9 8  fish per hour and daily catch rates from 0.000 to 
0 . 3 6 9  fish per hour (Appendix Table 9 ) .  The weekend/holiday component from 20 
to 2 1  June has the highest chinook salmon harvest rate, 0 . 0 8 6  fish per hour, 
of all components in the fishery (Table 10). Catch rates of chinook salmon 
peaked from 22 to 26 June (Figure 4 ) .  

Harvest and Catch. The estimated harvest of chinook salmon in Lake Creek dur- 
ing the creel survey was 2 , 1 4 9  fish; 859 chinook salmon ( 4 0 % )  were harvested 
during the weekendholiday component and 1 , 2 9 0  chinook salmon ( 6 0 % )  were har- 
vested during the weekday component (Table 11). Anglers released 65% of the 
chinook salmon caught during the Lake Creek fishery. 

Clear Creek (Talkeetna River) and Upper Susitna River: 

A direct expansion creel survey was conducted at the Talkeetna boat landing 
from 1 3  June through 1 3  July to estimate angler-effort and chinook salmon har- 
vest by the fisheries in Clear Creek and the Upper Susitna River. 

Effort. The number of anglers exiting the fishery at Clear Creek through 
Talkeetna Landing during a surveyed period ranged from 0 to 344 (Appendix 
Table 10). Estimated angler-effort during the survey was 4 2 , 1 3 3  angler-hours, 
2 2 , 7 6 2  angler-hours ( 5 4 % )  during the weekendholiday component and 
1 9 , 3 7 1  angler-hours ( 4 6 % )  during the weekday component (Table 1 2 ) .  The number 
of anglers exiting the fishery in the Upper Susitna River through Talkeetna 
Landing during a surveyed period ranged from 0 to 7 0  (Appendix Table 11). 
Only 7 , 6 3 7  angler-hours of effort were estimated for this fishery (Table 1 2 ) .  

Harvest Rates and Catch Rates. Daily harvest rates of chinook salmon ranged 
from 0.000 to 0 . 0 7 8  fish per hour (Appendix Table 1 2 )  for the Clear Creek 
fishery. The weekday component from 29 June to 2 July had the highest chinook 
salmon harvest rate, 0 . 0 6 6  fish per hour, of all components in the fishery 
(Table 1 3 ) .  Catch rates of chinook salmon peaked during the last week of the 
season at Clear Creek (Figure 5 ) .  Daily harvest rates of chinook salmon 
ranged from 0.000 to 0 . 2 5 0  fish per hour (Appendix Table 1 3 )  for the Upper 
Susitna River fishery. Peak harvest and catch rates of chinook salmon 
occurred during the month of June (Table 1 3 ) .  

Harvest and Catch. The estimated harvest of chinook salmon in Clear Creek 
during the creel survey was 1 , 9 3 0  fish; 799 chinook salmon ( 4 1 % )  were har- 
vested during the weekendholiday component and 1 , 1 3 1  chinook salmon ( 5 9 % )  
were harvested during the weekday component (Table 1 4 ) .  During the fishery at 
Clear Creek, 46% of the chinook salmon caught by anglers were released. A 
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harvest of only 484 chinook salmon was estimated for the fishery in the Upper 
Susitna River; 81% of the harvest occurred during June (Table 14). Anglers 
released 21% of their chinook salmon catch during the Upper Susitna River 
fishery . 
Roadside Streams 

The roadside streams are those which are accessible to anglers from the road 
system. In 1 9 8 7 ,  creel surveys were conducted in the following roadside 
streams: Willow, Little Willow, Sheep, Goose, and Montana Creeks and the 
Little Susitna River. Direct expansion creel surveys were used at all these 
locations. The fisheries in all roadside streams except the Little Susitna 
River are weekend-only fisheries (from midnight Friday to midnight Monday). 
The fishery in the Little Susitna River is open 7 days a week. 

Willow Creek: 

Direct expansion creel surveys were conducted at the stream mouth and the 
Parks Highway bridge locations on Willow Creek during the 3 weekends from 
20 June to 6 July. Anglers fishing at Willow Creek also exited the fishery at 
Susitna Landing during the 4 weekends from 13  June to 6 July. 

Effort. The number of anglers exiting the fishery at Willow Creek through 
Susitna Landing during a surveyed period ranged from 0 to 22 (Appendix Table 
14) .  Most anglers exited the fishery at the mouth, where the number of 
anglers exiting the fishery during a surveyed period ranged from 1 3  to 76 
(Appendix Table I S ) ,  or at the Parks Highway bridge, where the number of 
anglers exiting the fishery ranged from 0 to 88 (Appendix Table 1 6 ) .  
Estimated angler-effort during the survey was 1 7 , 7 2 1  angler-hours (Table 1 5 ) .  
Most of the effort exited the fishery at the mouth (55% of the total) or Parks 
Highway bridge (35% of the total); only 10% of the effort exited the fishery 
through Susitna Landing. 

Harvest Rates and Catch Rates. The highest chinook salmon harvest rate 
(0.105 fish per hour) for the Willow Creek fishery occurred during the weekend 
from 27 June to 29 July (Table 1 6 ) .  Catch rates of chinook salmon peaked dur- 
ing the last 2 weeks of the season (Figure 6 ) .  

Harvest and Catch. The estimated harvest of chinook salmon in Willow Creek 
during the creel survey was 1 , 7 3 2  fish (Table 1 7 ) .  Most of the harvest 
occurred during the last 2 weekends the fishery was open (Figure 6 ) .  During 
the Willow Creek fishery, 58% of the chinook salmon caught by anglers were 
released. 

Little Willow Creek: 

A direct expansion creel survey was conducted at the Parks Highway bridge on 
Little Willow Creek during the 2 weekends from 27 June to 6 July. Anglers 
fishing at Little Willow Creek also exited the fishery at Susitna Landing dur- 
ing the 4 weekends from 1 3  June to 6 July and at the boat landing at Willow 
Creek bridge during the 3 weekends from 20 June to 6 July. 

38 











I 

Effort. Most anglers exited the fishery at Little Willow Creek at the Parks 
Highway bridge, where the number of anglers exiting the fishery during a sur- 
veyed period ranged from 3 to 39 (Appendix Table 18), or at Susitna Landing, 
where the number of anglers exiting the fishery ranged from 0 to 40 (Appendix 
Table 19) .  The number of anglers exiting the fishery at the Willow Creek boat 
landing during a surveyed period ranged from 0 to 22 (Appendix Table 19) .  
Estimated angler-effort during the survey was 5,732 angler-hours (Table 15) .  
The majority of the effort exited the fishery at the Parks Highway bridge (67% 
of the total) or Susitna Landing (24% of the total); only 9% of the effort 
exited the fishery at the Willow Creek boat landing. 

Harvest Rates and Catch Rates. The highest chinook salmon harvest rate 
(0.128 fish per hour) for the Little Willow Creek fishery occurred during the 
weekend from 27 June to 29 June (Table 16) .  

Harvest and Catch. The estimated harvest of chinook salmon in Little Willow 
Creek during the creel survey was 598 fish (Table 1 7 ) .  During the Little 
Willow Creek fishery, 38% of the chinook salmon caught by anglers were 
released. 

Sheep Creek: 

A direct expansion creel survey was conducted at the Parks Highway bridge on 
Sheep Creek during the 4 weekends from 13 June to 6 July. 

Effort. The number of anglers exiting the fishery at Sheep Creek during a 
surveyed period ranged from 0 to 114 (Appendix Table 20) .  Estimated angler- 
effort during the survey was 16,054 angler-hours (Table 18) .  Most of the 
effort (66% of the total) occurred during the last 2 weekends of the fishery 
(Figure 7 ) .  

Harvest Rates and Catch Rates. The highest chinook salmon harvest rate 
(0.084 fish per hour) for the Sheep Creek fishery occurred during the weekend 
from 27 June to 29 June (Table 19) .  Catch rates of chinook salmon peaked 
during the second week of the season, 20 June through 22 June (Figure 7) .  

Harvest and Catch. The estimated harvest of chinook salmon in Sheep Creek 
during the creel survey was 1,077 fish (Table 20) .  Most of the harvest 
occurred during the last 2 weekends the fishery was open (Figure 7 ) .  Only 19% 
of the chinook salmon caught by anglers were released during the Sheep Creek 
fishery . 
Goose Creek: 

A direct expansion creel survey was conducted at the Parks Highway bridge on 
Goose Creek during the 2 weekends from 27 June to 6 July. 

Effort. The number of anglers exiting the fishery at Goose Creek during a 
surveyed period ranged from 0 to 32 (Appendix Table 21) .  Estimated angler- 
effort during the survey was 2,705 angler-hours (Table 1 8 ) .  
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