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ABSTRACT 

During the 1989 Upper Cook Inlet, Alaska commercial salmon fishing season a test
 
fishery was used to estimate the timing of sockeye salmon (Oncorhynchus nerka)
 
to the Inlet. The fishery operated from 23 June to 28 July and captured
 
766 sockeye salmon (619.4 CPUE points). Mean date of the return was 14 July and
 
the test fishery encompassed approximately 84.4% of the run. Average
 
exploitation by the Upper Subdistrict set gill net fishery was estimated at
 
approximately 72%.
 

KEY WORDS: Salmon, Oncorhynchus, Upper Cook Inlet, Alaska, test fishery,
 
migratory behavior
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I NTRODUCTI ON 

In 1979, the Alaska Department of Fish and Game (ADF&G) began a test fishing
 
project near the southern boundary of the Upper Cook Inlet (UCI) salmon
 
management area (Figure 1). The objective of this project was to estimate the
 

total return of sockeye salmon (Oncorhynchus nerka) to UCI during the fishing
 
season before they reached commercial fishing areas. Such information would help
 
ADF&G management biologists determine how best to set fishing time and area for
 

commercial harvests of sockeye salmon surplus to spawning goals. Test fishing
 
results have been reported annually since 1979 (Waltemyer 1983a, 1983b, 1986a,
 
1986b, Hilsinger and Waltemyer 1987, Hilsinger 1988, Tarbox and Waltemyer
 
1989). This report presents the results of the 1989 test fishing project.
 

Unique to the 1989 field season was the presence of oil in the fishing districts
 
as a consequence of the grounding of the tanker Exxon Valdez in Prince William
 
Sound on March 24, 1989. As a result of oil contamination ADF&G closed the
 

Central District to drift gill net fishing and restricted the area within which
 
the set gill net fishery could operate. Without drift gill net fishery harvest
 
data it was not possible to use test fishing information to make inseason
 
estimates of total sockeye salmon returns in 1989.
 

METHODS 

Test Fish Sampling
 

Sockeye salmon returning to Upper Cook Inlet were sampled by fishing
 
geographically fixed stations between Anchor Point and Red River Delta (Figure
 
1). Stations were numbered consecutively from east to west. Station locations
 
were determined from LORAN C coordinates. The test fishing vessel sampled
 
stations 2, 4, 5, 6, 7 and 8 on one day. The following day, the vessel sampled
 
stations 9, 7, 6, 5 and 3. This same routine was followed throughout the
 
sampling period.
 

Sampling started on 23 June in 1989, one day earlier than the starting date
 
used in previous years, and continued through 28 July. The chartered vessel,
 
F/V Sea Venture, used 200 fm (4 shackles at 50 fm each) of 2.1 cm (5 1/8 in)
 
multifilament gill net during test fishing. Drift gill net web specifications
 
were: filament size number 53/S6F, 45 meshes deep, double knot construction,
 

and Super Crystal shade number 1.
 

All salmon captured were identified by species. All sockeye salmon were measured
 
for length (mid-eye to fork of tail in mm). The number of each species caught
 
at each station was expressed as a catch per unit of effort (CPUE) statistic:
 

100 fm x 60 min x number of fish
 

fen of gear x MFT 
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where: CPUEs = CPUE for station s, and 
MFT = mean fishing time. 

Mean fishing time was calculated as:
 

[B - A] + [0 - C]
 
MFT = (C - B) +	 _ 

2 

where:	 A = time net deployment started, 
B = time net fully deployed, 

C = time net retrieval started, and 

o = time net fully retrieved. 

Once deployed at a station, gill nets fished 30 min before retrieval started.
 

Daily CPUE (CPUEd) was calculated as:
 

n 

CPUEd = L. CPUEs 
s=l
 

If a station was not fished, the CPUE value for that station was estimated by
 
a simple linear interpolation procedure (i.e., the mean value of the previous
 
and following day's CPUE values).
 

The following physical and chemical measurements were taken at the start of each
 
set: air and water temperature (at 1 m below the surface), wind velocity and
 
direction, tide stage, water depth and clarity, and salinity. Air temperature,
 
water temperature, and salinity were measured using a YSI salinity/temperature
 
meter. Wind speed was measured in knots and direction was recorded as (0) no
 
wind, (1) north, (2) northeast, (3) east, (4) southeast, (5) south, (6)
 
southwest, (7) west, or (8) northwest. Tide stage was classed as flood, ebb or
 
slack by observing the movement of the vessel while drifting with the gill net.
 
Water depth was measured in fathoms (fm) using a Simrad echo sounder, and water
 
clarity was measured in meters (m) using a 17.5 cm secchi disk.
 

Describing the Salmon Migration
 

Catchability, the fraction of the available population taken by a defined unit
 
of fishing effort, was estimated as:
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where: qd = estimated catchability on day d, 

rd = adjusted cumulative total return on day d, and 

Cd = cumulative CPUE on day d. 

Passage rate, the expansion factor used to convert CPUE in estimated numbers of
 
salmon passing the test fishing transect, was calculated as:
 

PR = l/qd = passage rate 

Because the test fishery did not encompass the entire sockeye salmon run, the
 
total CPUE for the test fishery was estimated after the season using the
 
following relationship:
 

where: CPU~ = total estimated CPUE for the season, 

CPUEf = cumulative CPUE through final day, f, of test fishing, 

Ht = total commercial harvest for the season 

H(f+2) = total commerci a1 catch through fina1 day of test fishery 
(f+2), and 

2 = number of days it takes salmon to travel from test fishery 
to commercial harvest areas. 

Estimates of CPUEt and CPUEct values were used to estimate daily and cumulative
 
proportions of CPUEt' based on a non-linear model:
 

Yd = 1/ (1 + e -(8+bd») 

where: Yct = cumulative proportion of CPUE or return on day d, 
a and b = coefficients of model, a = - 2.714, b = 0.1258 

d = day of observation. 

To calculate mean date of return, the following formula was used:
 

M = a/b 

where: M = mean date of return, 

Estimation of Exploitation Rates
 

The absence of a drift gill net harvest resulted in ~ost salmon being harvested
 
by the Upper Subdistrict set gill net fishery. This fislery occurs near to the
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Kenai and Kasilof Rivers. An estimate of the total number of fish available to
 

the fishery was made by lagging daily spawning escapement estimates (sonar
 
counts, Bruce King, ADF&G, Soldotna, personal communication) back in time three
 days to the fishery.
 

RESULTS 

A ltota1 of 766 sockeye salmon, 2~ pink salmon, 227 chum salmon, and 82 coho 
Sd,mOn Were captured during the 1989 test fishery in (Table 1, Appendix A-C). 
Dally sockeye salmon catches ranged from 0 to 94 fish (Table 1). 

Sockeye salmon daily cpur values ranged from 0 on 25 June to 69.9 on 12 July.
 
Cumulative total CPUE for the duration of the project was 619.4 (Table 1, Figure
 
2 and 3). Using post season commercial harvest and escapement figures, test
 
fishing spanned approximately 90.8% of the total run. Therefore, total CPUE for
 

the test fishery would have been 682.5 if test fishing had continued throughout
 
the duration of the run.
 

The distribution of the test fishing sockeye salmon catches along the transect
 
was similar to the distribution of cpur values. Approximately 81% of the total
 
sockeye salmon catch and 76% of the total CPUE occurred at stations 5, 6, and
 
7 (Table 2 and 3).
 

Examination of daily and cumulative proportions (estimated post season) of the
 
sockeye salmon run to UCI suggested that only 6.2% of the run had passed the
 
transect prior to the start of test fishing on 23 June and that the return was
 
84.4% completed at the termination of the project (Appendix 0; Figures 4 and
 
5). The mean date of the run was 14 July 1989 which was the same as the historic
 
average (Table 4).
 

The total sockeye salmon run to UCI in 1989 was estimated at 7.1 million fish
 
of which 5,010,698 were harvested in the commercial fishery (Table 5). Estimate
 
of passage rate for the season was 10,403 sockeye salmon per cpur index point.
 

Water temperatures measured along the transect generally increased during the 

season from a low of BOC early in June to a high of 12°C in mid-July (Figure 6; 

Appendix E). Air temperatures fluctuated between 9°e and 18°e during the project 

(Figure 6; Appendix E). Salinity measurements ranged from 22.5 ppt to 32 ppt 

with a noticeable decline in average salinities as the season progressed (Figure 

7; Appendix E). Wind velocities were generally light; only 1 day of 20 knot 
winds was recorded at one station during fishing operations (Appendix E). Wind 

direction was typically from the southwest or northwest. 

The estimated number of sockeye salmon available to the Upper Subdistrict set
 

gill net fishery was estimated at approximately 6,299,000 of which 4,543,000
 
(72.1%) were harvested. The mean date of the run to the fishery occurred on 20
 
July, 5 days later than the mean date at the test fishing transect (Figure 9).
 
Daily exploitation rates varied depending on hours and number of areas opened
 
for fishing. During the peak of the run, with continuous fishing allowed in all
 

areas (23 July to 2 August), daily exp~oitation rates ranged from 69.1% to 88.6%
 
(Fi~ure 10).
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DISCUSSION
 

One of the primary objectives of this test fishing project has been to estimate
 
the daily and total run of sockeye salmon into UCI several days before they reach
 

fishing areas. Unfortunately, in 1989 the alteration in commercial fishing 

patterns necessitated by oil contamination made it impossible to generate 

estimates comparable with previous years. This also made it impossible to 

evaluate new test fishing methodologies, developed following the 1988 season,
 
for estimating the total sockeye salmon run to UCI.
 

However, the absence of a drift gill net fishery provided a unique opportunity
 
to assess exploitation rates of the Upper Subdistrict set gill net fishery.
 
Previous investigators (Hilsinger and Waltemyer 1987, Tarbox and Waltemyer 1989)
 
had assumed that average exploitation rates were between 60% and 70% for this
 
fishery. This assumption appears reasonable in light of results obtained during
 
the present study, although substantial daily variations can occur (Figure 10).
 

The passage rate of 10,403 sockeye salmon was the highest recorded since the
 
inception of the test fishing project. The reason for this high passage rate
 
during 1989 is not known. Although a change in fishing vessel and skipper
 
occurred in 1989, gear specifications, fishing methods, and stations were the
 
same as those used in previous years.
 

The mean date of the sockeye salmon run at the test fishing transect in 1989 (14
 
July) was similar to that observed in previous years, as was the mean date of
 
the run to the Upper Subdistrict set gill net fishery (20 July). The distance
 
from the middle of the transect to the middle of the set gill net fishing area
 
was approximately 70 km. Therefore, using a 6 day average travel time, the
 
migratory rate would have been 11.7 km/day. Tarbox (1988) reported that mean
 
migratory rates based on tagging studies in 1983 and 1984 ranged between 13.4
 
and 17.3 km/day, depending on capture location along the Upper Subdistrict set
 
net fishery.
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Table 1.	 Summary of sockeye salmon fishing effort, daily and cumulative
 
catch, and daily and cumulative CPUE, Upper Cook Inlet offshore
 
test fish project, 1989.
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Table 2.	 Estimated sockeye salmon catch by date and station, Upper Cook
 
Inlet offshore test fish project, 1989.
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Table 3.	 Estimated sockeye salmon CPUE by date and station, Upper Cook
 
Inlet offshore test fish project, 1989.
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Table 4.	 Mean date of the sockeye salmon return across Anchor Point
 
transect by year, Upper Cook Inlet, Alaska offshore test
 
fish project.
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Figure 1. Map of Upper Cook Inlet. Alaska. showing
 
location of Offshore Test Fish transect.
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Figure	 2. Daily CPUE for sockeye salmon recorded during the 1989 Offshore Test 
project, Upper Cook Inlet, Alaska. 
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Figure 3. Cumulative CPUE for sockeye salmon recorded during the 1989 Offshore 
Test Fish project, Upper Cook Inlet, Alaska. 
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Figure 4. Sockeye salmon entry pattern into Upper Cook Inlet, Alaska in 1989. 
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Figure 5. Daily entry pattern of sockeye salmon into Upper Cook Inlet, Alaska in 1989. 

http:0.090.020.08


I
9 -4 •

I 7

...(
1 6 15E0 I 14 21 .-.(•<.0 +J'-el-/ I 13---' 
(})(lJ 

:::J 
u .( 

r-Q) 12 

6 
1 118171020
19/--, 

~ 

• 
.--/y J----.,"­ ,-. ~ 

a-a­ a- a ''1I---a 

.---. 

• water 

Figure 6. 

temperature 

Water and 

during the 

-·T-~·-r---·T I I I I I I I I I I I I I I 
11 16 21 26 31 

Day (Da'll = 23 June 1989) 
+ air temperature 

air temperatures rneosured in Upper Cook Inlet, AlaskD, 

Offshore Test f-ish project, 1989, 

I , I I I 

36 

J 



,--- -"
-+-_ ..1

CLQC N

31 

30 

-
0II '---,- if)0 29 -j\ -~ • •+J 27 

>.. 

---\ \"­

281 
26 \ 

25 

24 ,-r--r- -, -,.------,---r----r-----,--- I I I I T -- -J- -T---r- I I I I I I I I I I I I 

6 1 1 16 21 26 31 36 

Day (Day 1 = 23 June 1989) 

Figure 7. Salinity measured in Upper Cook Inlet, Alaska, during the Offshore Test fish project, 1989, 



UJ

I

600 

500 -

c::: 

rv 
(j) ,......---.,.... U)LL',.. c'0o 0 ~­.~- ::J
1])
0 0" .CCf-­ ::J~Z 400 

300 I
200 

J 

.­
100 

o 

/­
....•.- •....,.~•.A~l;l,,I ' , , , I ' , , , I ' , , , I ' , , , I ' -" ~A~.~.• 

1 6 11 16 21 26 31 36 41 46 51 56 61 

Day (Day 1 = 15 June 1989) 

Figure 8. Total return of sockeye solrnon to the Upper Subdistrict set gill net 

fishe(y, Upper Cook Inlet, Aloska, in 1989 (escapement lagged 3 days). 
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Appendix A.l.	 Summary of pink salmon fishing effort, daily and cumulative
 
catch, and daily and cumulative CPUE, Upper Cook Inlet
 
offshore test fish project, 1989.
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Appendix A.2.	 Estimated pink salmon catch by date and station, Upper
 
Cook Inlet offshore test fish project, 1989.
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Appendix A.3.	 Estimated pink salmon CPUE by date and station, Upper 
Cook Inlet offshore test fish project, 1989. 
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Appendix B.l.	 Summary of chum salmon fishing effort, daily and
 
cumulative catch, and daily and cumulative CPUE,
 
Upper Cook Inlet offshore test fish project, 1989.
 

0.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.01221220.0
124.1 6666666666666666
1360.81431034.21194.7109.4104.0474263969698135227561131621273.743.032.185.8103.1165.546.290.472.072.092.992.935.812.912.3169.09aaaaaaa44.914.729.765.74.56.47.13.710.33.23.29.22.42.41.61.21.21.21.21.25.57.92.5200.0222.5222.5226.5223.0181.185.5185.5181.181.00219.5180.0180.5020.0Time065177.0.043339778122Catch CPUE Mean77 .8886.7232.0187.038.510
39 224.0224.0224.0233.0
Cum.Cum.00 227.0236.0183.5183.5188.51125135555
19.42222 241.0228.0193.5225.0147.055555555555555551966
22 194.0aaaaaaaaaa16.8221.0a a0193.0
Stations
Da ily
Da ily(min)
Fishing
 
of
 

-27­



Date23-Jun

24-Jun25-Jun 26-Jun27-Jun28-Jun29-Jun30-JunOl-Jul02-Jul03-Jul04-Jul05-Jul06-Jul07-Jul08-Jul09-Jul10-Julll-Jul12-Jul13-Jul14-Jul15-Jul16-Jul17-Jul18-Jul19-Jul20-Jul21-Jul22-Jul23-Jul24-Jul25-Jul26-Jul27-Ju128-Jul

Tota 1

%

Appendix B.2.	 Estimated chum salmon catch by date and station, Upper 

Cook Inlet offshore test fish project, 1989. 
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Appendix 83.	 Estimated chum salmon CPUE by date and station, Upper
 
Cook Inlet offshore test fish project, 1989.
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Appendix C.l.	 Summary of coho salmon fishing effort, daily and
 

cumulative catch, and daily and cumulative CPUE, Upper
 
Cook Inlet offshore test fish project, 1989.
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Appendix C.2.	 Estimated coho salmon catch by date and station, Upper 

Cook Inlet offshore test fish project, 1989. 
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Appendix C.3. Estimated coho salmon CPUE by date and station, Upper Cook
 
Inlet offshore test fish project, 1989.
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Entry pattern of sockeye salmon into Upper Cook Inlet,
 
Alaska in 1989 as estimated from daily CPUE measured at
 
the latitude of Anchor Point.
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.00875.92905
.01067
.09902
.01180
.02008 .20956
.02948
.39007
.03092
.03144
.03097
.57635
.02473
.74319
.02024
.01445
.87470
.01315
.01567.01710 .15381.13814.17091
.08835
.11082
.01302
.12384
.01431
.01857 .18948
.01725
.07007
.00962
.07007
.00865
.07872
Cumulative Proportion
Daily Proportion
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Appendix 0.1. (p 2 of 2)
 

Date
 Daily Proportion 

8 5 .00786
 
8 6 .00704
 
8 7 .00630
 
8 8 .00562
 
8 9 .00501
 
8 10 .00446
 
8 11 .00397
 
8 12 .00353
 
8 13 .00313
 
8 14 .00278
 
8 15 .00246
 
8 16 .00218
 
8 17 .00193
 
8 18 .00171
 
8 19 .00151
 
8 20 .00134
 
8 21 .00118
 
8 22 .00105
 

Cumulative Proportion
 

.93691
 

.94395
 

.95024
 

.95587
 

.96088
 

.96534
 

.96931
 

.97284
 

.97598
 

.97876
 

.98122
 

.98340
 

.98534
 

.98705
 

.98856
 

.98990
 

.99108
 

.99213
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Temp. Temp. Vel.Date

23-Jun

4567824-Jun26-Jun 4567827-Jun 765328-Jun 4567829-Jun 765330-Jun 4567Ol-Jul 765302-Jul 4
- Continued -

Appendix E.l. Chemical and physical observations made in Upper Cook
 
Inlet, Alaska during the conduct of the 1989
 
offshore test fish project.
 

39
1760
1010101442626666666666666662220000000000000000aaaaaa000000000000004444444444444544444444444444544101115314141616888888898888888888888888888888899999999.59.59.58.58.58989.5966666666663742423177773138212135434325292929292929292929292929292929292929292929292929333333333333333334028.528.527.5554427275272727274444444451919 Air2015111181181181111111111111111888184646462628282828282828282826242420202020202012121212121212121212121212121212121212121217 9999
333333333333334545
WaterStation222222(f)SalinityWind Wind Tide
30 22222 Water
(m)(c) Depth (ppt)Secchi
(c) (knots) DirA Stage­
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Temp. Temp. Vel.Date

02-Jul

67804-Jul 4567805-Jul 765306-Jul 4567807-Jul 765308-Jul 4567809-Jul 765310-Jul 45678
- Continued -

Appendix £.1. (p 2 of 5)
 

120012121212121212000000000121244444444424442444444424444444444444410.510.510.510.511111111111111110.510.510.581688881616131313131313131622229439999999999439927.527.5292927.527.527.527.529292927.527.527.52428.528.528.528.528.528.528.5252526262622533030303017(c)999 Wind Tide Water66666668866a3333333333333331010101010101010101010101010101010101055555555551010101010101010101010Water Wind176666156156614151414146615661515615151569.5444444444444449.59.59.59.59.59.59.55555555531353526.54846464545464631.531.534729.529.529.529.529.529.529.57777282828282828282020202828272750502727274118181818181819 2222 Air001100333333333333333333334937
Station
(c)( (knots)f) Salinity Depth SecchiDirA Stage­(m)5 (ppt)
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Temp. Temp. Vel.Date

11-Ju 1

765312-Jul 4567813-Jul 765314-Jul 4567815-Jul 765316-Jul 456787-Jul 76538-Jul 4567
- Continued -

Appendix E.1. (p 3 of 5)
 

81515158888888881515151588 2
10.510.510.510.510.510.510.510.510.510.510.510.5
a00000000000006666666660000002222226.526.526.526.526.511.51212121212121212121212181818181818196600000000000000666630.53031313131313131314528282828464628404024.525.547474747272727272750212126262626261419191818 Air14545444444444448888444444444444410111011111111111111010101111111111111111111111111111110101010101010101010141416161414149.59.52222222352529.529.529.525252525253451443449994344944444443944444443444323222 999( f) Stage­3335135333331313131313131313333333335292927.527.527.527.527.52020207777777720 2229
333333333333328.528.528.528.5
Water Wind Tide
Station Wind
(c)(m (knots))(c)SalinityDirADepth (ppt)Secchi Water
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Temp. Temp. Vel.Date

18-Jul

19-Jul 765320-Jul 4567821-Jul 765322-Jul 4567823-Jul 765324-Jul 4567825-Jul 765327-Jul 765
- Continued -

Appendix L1. (p 4 of 5)
 

131313131313131313202020
1515I28282828281010101010101010111111011101001111110000011111111111111111111160000000029.524.34272744274444427272724.524.524.524.544274444272744484918 Wind Water666666666666666666633333333333333333311.5211.511.5211.511.511.544444410.510.544444410.510.510.510.544444444Water 518Station1212121214141214121212121414141414202020121212121212121231.522222222222222222222222255555555527.527.527.5242425.525.52426252525252525252526262626303023.5353526.5323226.528.53743434331404242405050777456666666662129292921333333333333333391946461912( f)(c)92922999SalinityAir Wind TideDepth Secchi11.11.11.11.11.11.11.5555555
(c) (knots) DirA Stage­
10108888888888aaa36---88888(m)16 8 (ppt)
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Temp. Temp. Vel.Date

27 -Jul

28-Jul 45678

A Wind direction code

-

Appendix E.1. (p 5 of 5)
 

48488888444Water22292444426 WindStation
1212123332531313131324.510.511.5111115233025.52220(f)(c) Air Depth Secchi Water0031.577
45
1010173122.550 2Salinity Wind Tide(c) (knots) DirA Stage­(m) 3 (ppt) 
Tide stage code l=high,2=low,3=ebb,4=flood 5=south,6=southwest,7=west,8=northwest 

1=north,2=northeast,3=east,4=southeast,
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