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ABSTRACT 


There were an estimated 8,439 boat-trips of effort in the Resurrection Bay 
boat fishery from 6 July through 13 September 1987. This fishery har-
vested an estimated 22,402 coho salmon Oncorhynchus kisutch. About half 
the effort (38 percent) and coho salmon harvest (46 percent) occurred dur-
ing the ll-day Seward Silver Salmon Derby. Hatchery coho salmon from Bear 
Lake, Seward Lagoon, and Box Canyon Creek contributed 12, 15, and 
13 percent, respectively, to the boat harvest. The majority of harvested 
coho salmon in the boat fishery were age 1.1 (73 percent). In the beach 
fisheries for chinook salmon Oncorhynchus tshawytscha estimated effort and 
harvest were 4,542 angler-hours and 649 fish, respectively. Estimated ef-
fort and harvest in the beach fishery for coho salmon were 11,767 angler-
hours and 1,545 fish, respectively. Bear Lake, Seward Lagoon, and Box 
Canyon Creek coho salmon stocks contributed 4, 58, and 15 percent, respec-
tively, to the beach harvest of coho salmon. The majority of harvested 
coho and chinook salmon in the beach fisheries were age 1.1 (71 percent) 
and age 0.2 (60 percent), respectively. 

KEY WORDS: 	 coho salmon, Oncorhynchus kisutch, chinook salmon, 
Oncorhynchus tshawytscha, Resurrection Bay, sport effort, 
sport harvest, age, length, hatchery contribution. 



INTRODUCTION 


The recreational fishery for coho salmon Oncorhynchus kisutch in Resurrec-
tion Bay is one of the largest sport fisheries in effort and harvest for 
this species in Alaska (Mills 1986). Historically, most of the effort in 
Resurrection Bay and surrounding waters has been from anglers fishing from 
privately owned boats. A growing charter boat industry has also developed 
around this fishery. Additionally, the United States Army and Air Force 
maintain recreation camps in Seward where boats are made available to mil-
itary personnel and their dependents. The harvest of coho salmon by the 
boat fishery has averaged 15,231 coho salmon annually from 1968 to 1986 
(Table 1), with annual harvests ranging from 8,861 in 1976 to 22,932 in 
1968. A major portion of the effort and harvest occurs during the annual 
Seward Silver Salmon Derby. In addition to the boat fishery, some anglers 
fish from shore for coho salmon during and after the Salmon Derby. Al-
though sport effort and harvest by the shore fishery has been monitored 
only since 1986, historical observations suggest that harvests of coho 
salmon by this fishery are much lower than by the boat fishery. 

To increase the number of coho salmon available for sport harvest, an en-
hancement program was begun in 1962. Bear Lake (Figure 1) was poisoned to 
eradicate competing species and has been stocked annually with coho salmon 
fingerlings. Hatchery-reared coho salmon smolts have also been planted at 
various locations throughout Resurrection Bay. Since 1968, hatchery fish 
have contributed an average of 22% annually to the harvest of coho salmon 
by the boat fishery (Vincent-Lang 1987).l Hatchery-reared chinook salmon 
0. tshawytscha smolts have also been released in an effort to diversify 
and seasonally extend the Resurrection Bay sport fishery. These releases, 
begun in 1983, have resulted in returns large enough to support a shore 
fishery. 

Three major life history events of Resurrection Bay salmon must be moni-
tored to evaluate enhancement efforts: (1) freshwater survival, (2) har-
vest in the sport fishery, and (3) escapement from the sport fishery. 
Numbers (1) and (3) are largely accomplished by a weir program on Bear 
Creek. The weir program for 1987 is described in a separate report 
(Vincent-Lang et al. 1988). Number (2) is accomplished by creel surveys 
of the boat and shore sport fisheries. These surveys are designed to 
estimate: (1) angler effort and harvests of coho and chinook salmon in 
each fishery, (2) the biological characteristics of harvested salmon, and 
(3) the hatchery contributions to the harvests. The harvests of ling cod 
Ophidon elongatus and pink salmon 0. gorbuscha are also estimated. The 
creel surveys are the subject of this report. 

A summary of all coho salmon enhancement activities in Resurrection Bay 
(including estimates of survival rates and contributions to the sport 
fishery) is presented in Vincent-Lang (1987). 
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Table 1. Harvest and effort statistics for the Re urrection BayBboat fishery for coho salmon, 1968-1987. 

Effort Harvest 

Boat- Standard Standard 95% Confidence 
Year Trips Error Number Error Interval 

1968 8,518 89.3 22,932 744.7 21,473 - 24,392 
1969 7,717 160.6 14,444 585.2 13,297 - 15,591 
1970 8,921 133.9 15,027 555.8 13,938 - 16,116 
1971 8,041 110.8 19,264 754.3 17,786 - 20,743 
1972 9,297 183.1 15,383 760.0 13,894 - 16,873 
1973 7,730 117.6 13,931 579.8 12,795 - 15,068 
1974 7,520 141.3 17,550 839.0 15,906 - 19,195 
1975 5,351 108.1 16,817 892.2 15,068 - 18,566 
1976 5,953 87.7 8,861 441.7 7,995 - 9,727 
1977 7,113 131.6 16,003 601.8 14,824 - 17,182 
1978 6,280 124.0 15,819 617.0 14,610 - 17,029 
1979 
1980 

7,163 
7,657 

151.0 
191.4 

16,532 
18,918 

779.9 
1,079.l 

15,003 
16,803 

- 18,060 
- 21,033 

1981 6,682 134.4 14,087 785.6 12,548 - 15,627 
1982 
1983 

7,948 
8,479 

164.5 
139.9 

16,160 
13,780 

929.7 
897.1 

14,338 
12,022 

- 17,982 
- 15,538 

1984 
1985 
1986 

6,996 
6,848 
5,950 

128.7 
209.6 
274.7 

10,445 
10,332 
13,107 

627.4 
765.7 
759.4 

9,215 
8,832 

11,618 

- 11,674 
- 11,833 
- 14,596 

Mean 7,377 15,231 

1987 7,661 352.4 22,224 1,325.0 19,627 - 24,821 

1 Source: Vincent-Lang, 1987. 
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Figure 1. Map of Resurrection Bay, Alaska. 
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METHODS 


The bag limits for coho and pink salmon in Resurrection Bay during 1987 
were 6 per day, 6 in possession (ADF&G 1987). The bag limit for chinook 
salmon and ling cod was 2 per day, 2 in possession. Anglers could use any 
conventional sport fishing methods including snagging. 

Boat Fisherv Creel Survev 

The boat fishery in Resurrection Bay was surveyed from 6 July through 
13 September. The fishery was stratified into three temporal segments: 

(1) Pre-Derby boat fishery, 6 July - 7 August; 
(2) Derby boat fishery, 8 August - 1200 hour on 16 August; and, 
(3) Post-Derby boat fishery, 1201 hour on 16 August - 13 September. 

Each segment was further stratified into weekdays and weekends/holidays. 

The boat creel survey used a stratified random sampling design to collect 
the data necessary to estimate sport fishing effort, in units of boat-
trips, and coho salmon harvest. The fishing day was defined to be 
14 hours long (from 0800 to 2200 hours). Each day was divided into four, 
3.5-hour time periods: (A) 0800 - 1129 hours, (B) 1130 - 1459 hours, 
(C) 1500 - 1829 hours, and (D) 1830 - 2200 hours. Units to be surveyed 
were randomly selected without replacement from those available in each 
period subject to the constraint that a maximum of two sample units could 
be surveyed on any day (except during the Derby). Sampling effort was al-
located approximately equally among time periods. 

Two people usually conducted the creel survey during each sampled period. 
One person counted all sport fishing boats entering the Seward small boat 
harbor and conducted interviews of boat anglers (hereafter referred to as 
"boat interviews") at two docking sites. The second person conducted boat 
interviews at the three remaining docking sites. As many returning boats 
as possible were interviewed. An equal amount of time was spent conduct-
ing interviews at each docking site when it was not possible to interview 
all returning boats. 

All boat interviews were completed trip interviews. Interviews for effort 
and harvest information were party interviews for all anglers in a return-
ing boat. For each boat, the following information was collected: number 
of anglers in the boat; number of hours fished; total number of coho, chi-
nook, and pink salmon and ling cod harvested; and whether the boat was a 
chartered fishing boat or a private boat. Coho salmon were examined for 
an adipose finclip. If a finclip was observed, the fish's snout was re-
moved (upon permission of the angler) and stored for later removal and de-
coding of the coded wire tag (CWT). 

For each fishery segment (Pre-Derby, Derby, and Post-Derby) and stratum 
(weekday and weekend/holiday), the mean number of boats returning during 
each period (A, B, C, or D) was calculated. The number of boat-trips of 
effort in fishery stratum i (Bi) was estimated by: 
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(1) ii = 2 N..b..

1J rJ'j=l 

where: 

b..
1J = the mean number of boats returning during period j in stratum 

i and 
= the total number of sample units (3.5 hour time periods)Nij 

possible during period j in stratum i. 

The variance of $ i was estimated in the following manner (Schaeffer et al. 
1979): 

(2) V(i$) = 	 ; N2ij [Stj/nij I [I - (nij/Nij > I 3 
j=l 

where: 

is defined as above,Nij 

= the 	 total number of sample units surveyed during period j innij 
fishery stratum i, and 

'ij 
2 

= 	 the sample variance for the mean number of boats returning 
during period j in fishery stratum i. 

The total number of boat-trips for the Resurrection Bay fishery was esti-
mated by summing the estimates for each stratum for all segments of the 
fishery. These are considered independent estimates and the estimated 
variance of the total is the sum of the variances. 

Catch 	 per unit effort (CPUE) was estimated as mean catch per boat-trip 
for each stratum in each fishery segment. Mean CPUE for stratum i (CPBi) 
was calculated by: 

(3) 	 CPBi = 

k=l 


where: 

= the 	 total number of boats interviewed during stratum i andti 
= the 	 catch of coho salmon by boat k interviewed during stratum'ik 

i. 

CPBi was estimated by a two-stage sample design with days being the first 
stage sample unit (of which there are a finite number available to be sam-
pled) and boats being the second stage sample unit (of which there are an 
unknown number available to be sampled on any given day). 

The variance of CPBi was estimated in the following manner (Von Geldern 
and Tomlinson 1973): 



(4) V(CPBi) 	 = [l - (di/Di)] s$di + (%.,m..),diDi- ,
j=l lJ ‘J 

where: 

di = the number of days in stratum i during which interviews were 
conducted, 

Di = the total number of days in stratum i, 
2 

= the between-day variance of CPBi in stratum i,SB 
L 

= the sample variance of CPB.. on day j in stratum i, and'ij 
= the number of boats intervi 'J wed during day j of stratum i.mij 

Between-day 	 variance was calculated as: 

(5) 	 s; = [ gi(CPBij - CPBi)2]/(di-l). 
i=l 

The number of coho salmon harvested during the weekday or weekend/holiday 
stratum of each fishery segment (ei) was calculated as follows: 

(6) ci = 	@ii . 

The variance of $ i was estimated using the formula for the product of two 
independent random variables (Goodman 1960): 

(7) V(~i) = 	 [~i2 V(CBPi)] + [CPai2 V(~i)] - [V(~i) V(CPBi)] . 

The total coho salmon harvest by all segments of the boat fishery (eT) was 
estimated as follows: 

(8) 	 t?T = ; ei 
i=l 

where i is one of six fishery strata. Because these are independent esti-
mates, the estimated variance of the total is the sum of the variances. 
Harvests of other species were estimated using these same procedures. 

Number of boat-trips and the harvests of coho, chinook, and pink salmon 
and ling cod by military personnel and their dependents were obtained from 
dispatch officers at the military recreation camps. These counts were ob-
tained for every day and represented tallies for the entire day. 

Assumptions 	 necessary for the boat creel survey analyses include: 

1. Interviewed boats were representative of the total population. 
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2. No significant 
hours. 

3. Boat counts 
variables. 

fishing 

and catch 

effort 

per boat 

occurred 

were nor

between 

mally di

2000 

stributed 

and 0800 

random 

Beach Fishery Creel Survey 

A roving creel survey (Neuhold and Lu 1957) was used to count anglers and 
conduct angler interviews at selected Resurrection Bay shore locations. 
The creel survey followed a stratified random sampling design. Angler 
counts were used to estimate fishing effort in units of angler-hours. An-
gler interviews were used to estimate the harvest rates of chinook and 
coho salmon. These fisheries are directed at chinook salmon during June 
and early July and at coho salmon during late August and early September. 

The beach fishery for chinook salmon was surveyed from 15 June through 
5 July and was divided into two areas: (1) the Lowell Creek Outfall or 
Waterfall and (2) the Boat Harbor. The beach fishery for coho salmon was 
surveyed from 8 August to 13 September and included only one area: the 
Seward beach area2. Each beach fishery was further stratified by weekdays 
and weekends/holidays. The fishing day was defined to be 14 hours long 
and was stratified into the same daily time periods used for the boat 
fishery. Periods to be surveyed were selected using the procedure de-
scribed previously for the boat creel survey. 

For surveys during the coho salmon fishery, 3.5 hours were spent surveying 
the beach. However, for surveys during the chinook salmon fishery, 
1.5 hours were spent at each beach during each sampled time period. The 
beaches were surveyed in random order and the angler count was conducted 
during a randomly selected 10 minute interval at each beach. Individual 
anglers were contacted during the survey and the following information was 
collected: the number of hours fished, the number of fish harvested and 
released by species, and whether the interview was a completed-trip inter-
view or not. The majority of the interviews were incomplete trip inter-
views. 

The total number of angler-hours (i.) for fishery stratum i in any beach 
fishery was calculated in the follo&ng manner: 

(9) 	 &i = ~ Hijxij, 
j=l 

where: 

2 The Lowell and Fourth of July beach fisheries were surveyed in 1986 
(Sonnichsen et. al. 1987). These fisheries target primarily on pink 
salmon and few coho salmon are harvested, therefore, these fisheries 
were not surveyed in 1987. 



-- 

= the mean number of anglers for counts during period j ofxij 
stratum i and 

= the total number of hours possible for fishing in period j ofHij 
stratum i. 

The variance for the estimate of total effort was calculated in the fol-
lowing manner: 

42 2
(10) 	 V(&i) = X Hij sij/nij, 

j=l 

where: 

2 
= the sample 	 variance for x.. and'ij 
= the number of angler count9 during period j of fisherynij 

stratum i. 

Catch per unit effort (catch per angler-hour) was estimated for each stra-
tum at each beach in the following manner: 

(11) 	 CPUEi = ?cik/ ?eik , 
k=l k=l 

where: 

m. = the number of anglers interviewed during stratum i,1 
= the catch 	 of coho salmon by angler k interviewed during'ik 

stratum i, and 
= the effort (number of hours expended) by angler k at the timeeik 

of the interview. 

Omitting the finite population correction factor, the variance of CPUEi 
was approximated in the following manner (Jessen 1978): 

(12) a(CPUEi) ~ (Ci/Ei)2 [S~/Ci2 + S~/Ei2 - (2riSCSE/CiEi)l, 

where: 

ci = the mean catch of coho salmon by anglers in stratum i, 

ii = the mean effort by anglers in stratum i, 

S c 
z 

= the two-stage variance of the mean catch (ci), 
2 

S E = the two-stage variance of the mean effort (Ei), and 
r.1 = the correlation coefficient for the Cik and eik. 

A 
The total coho salmon harvest (Ci) for each stratum of the beach fisheries 
was calculated by: 



The variance of 6. was estimated using the formula for the product of two 
random variables krom Goodman (1960), provided earlier. 

The harvest was estimated for all strata of the beach fisheries and then 
summed to estimate the total season harvest. These are considered inde-
pendent estimates, therefore, the estimated variance of the total was the 
sum of the variances. 

The major assumptions for the beach creel survey analyses include: 

1. 	 Incomplete trip angler interviews provided an unbiased estimate of 
completed-trip CPUE. 

2. 	 Catch rate and length of fishing trip were independent. 
3. 	 Interviewed anglers were representative of the total angler 

population and anglers were interviewed in proportion to their 
abundance. 

4. 	 No significant fishing effort occurred between 2000 and 0800 
hours. 

5. 	 For the angler interview data, effort and catch were normally 
distributed random variables. 

Bioloeical Data 

Biological data were collected from coho salmon harvested in the boat and 
beach fisheries and chinook salmon harvested in the beach fishery. The 
objective was to sample 150 coho salmon during each temporal segment of 
the boat fishery and as many coho and chinook salmon as possible from the 
beach fisheries. Sampled fish were measured for mid-eye to fork-of-tail 
length to the nearest millimeter. Scales were taken for aging from the 
preferred area (Clutter and Whitesel 1956) and mounted on adhesive-coated 
cards. The cards were thermohydraulically pressed against plastic cards 
and the resulting scale impressions were displayed on a microfiche projec-
tor for age determination. 

The proportional age compositioR of the sport harvest was estimated for 
each fishery stratum. Letting phi equa 1 the estimated proportion of age 
group h in stratum i, the variance of phi was estimated using the normal 
approximation to the binomial (Scheaffer et al. 1979): 

A A A 
(14) ‘(phi) = phi(l-phi)/(nTi-l)s 

where nTi is the total number of coho salmon sampled during stratum i. 

The number harvested during a stratum was multiplied by the estimated age 
composition to estimate the number of fish harvested by age group. The 
variance of the number harvested by age group was estimated using Good-
man's (1960) formula. 

Mean length at age by sex and its variance were estimated using standard 
normal procedures. 
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Estimation of Hatcherv Contributions to the Fishery 

The contributions of the coho salmon from Bear Lake, Seward Lagoon, and 
Box Canyon Creek enhancement sites to the boat and beach harvests were 
calculated using the procedure of Clark and Bernard (1987). The numbers 
of unmarked and adipose finclipped coho salmon observed during the 
Pre-Derby/Derby and Post-Derby segments of the boat fishery were compared 
with a chi-square statistic to determine if the proportions of finclipped 
fish present in the segments were equal. The proportions were signifi-
cantly different (p < O.Ol), therefore, the hatchery contributions were 
estimated separately for these segments 01 the boat fishery. The 
contribution of a site under evaluation (C,) was estimated in the 
following manner: 

(15) es = (ml/m2) (al/a2) dTh2) (tc/es) 

where 6!T is as defined previously and: 

n2 = 	number of coho salmon examined in the boat or beach sport 
harvest, 

ml = 	number of snouts from fish with adipose (Ad) finclips 
collected from the fishery and sent to the lab for processing 
that have a coded wire tag (CWT) present, 

m2 = 	number of snouts from fish with adipose finclips collected 
from the fishery and sent to the lab for processing that have 
decodeable CWTs, 

al = 	number of fish with adipose finclips observed in the fishery, 
a2 = 	number of snouts from fish with adipose finclips collected 

from the fishery and sent to lab for processing that arrive 
at the lab, 

m = number of snouts from fish with adipose finclips collected
C 

from the fishery, sent to the lab for processing, and decoded 
as a unique tag code, 

0, = 	 for each tag code, the proportion of the total fish released 
that were marked with a CWT at the time of stocking. For 
Bear Lake 8, is the proportion of coho salmon adults with Ad 
clips observed in the Bear Lake immigration. 

The variance of 6 s was calculated by: 

(16) 	 V(esl = [$c V(tc) + kf V($T) - V(ic) V(2T)] [(ml al>/(m2 a2 n2 OS> I2 

and the variance of ic (Clark and Bernard 1987) was calculated as follows: 
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m2 [m2-ll a2 [a2-ll n2 [n2 - 11 2, [2, - 11e; 
(17) V[m, I= 1+ 

I ml [ml-l] al [al-l] $T [eT-l]Cm2a2esn2es12I-I(mleT12I*al 
The estimates for each of the enhancement sites were summed to estimate 
the total number of hatchery coho salmon in the harvests by the boat and 
beach fisheries. The variance of the total was the sum of the variances 
for the individual estimates plus the covariances for the three combina-
tions of the three enhancement sites possible. The equation used 
to estimate the covariance between e-, and e-,, was (Clark and Bernard 

LL LL
1987): 

(18) COV($~~;$~~) = erl er2 

RESULTS 

Boat Fisherv Creel Survey 

Most private and charter boats in the Resurrection Bay fishery returned 
during the C period. Effort during the C period was 3,414 boat-trips, ac-
counting for 44.6% of the total effort (Table 2). Effort during the re-
maining three time periods was 1,930 boat-trips (25.2%), 1,815 boat-trips 
(23.7%), and 502 boat-trips (6.5%) for the D, B, and A periods, respec-
tively. Effort by private and charter boats during the Derby segment of 
the fishery was 3,070 boat-trips, which was 40.1% of the total private and 
charter boat effort during the entire Resurrection Bay boat fishery 
(Table 3). Effort by private and charter boats during the Post-Derby and 
Pre-Derby segments were 2,814 boat-trips (36.7%) and 1,777 boat-trips 
(23.2%), respectively. Within each segment, the effort during weekends 
was slightly higher than effort during weekdays. Boats from the military 
recreation camps accounted for only 778 boat-trips during the entire fish-
ery (Table 4). 

The mean harvest of coho salmon per boat-trip for all civilian boat an-
glers (private and charter boats combined) ranged from 1.6 fish per boat-
trip during weekends of the Pre-Derby segment to 3.7 fish per boat-trip 
during weekdays of the Derby (Table 5). The mean harvest of coho salmon 
per boat-trip for charter boat anglers was larger than estimates for pri-
vate boat anglers in all segments of the fishery but one. Very few char-
ter boat anglers were interviewed, however, and the precision of the esti-
mates for their mean harvests were correspondingly poor. 
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