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ABSTRACT 

During the 1995 Upper Cook Inlet, Alaska commercial salmon fishing season a test fishery was 
used to estimate the timing of the sockeye salmon Oncorhynchus nerka, run as it passed a transect 
along the southern boundary of the management area. The test fishery operated fiom 1 July to 30 
July and captured 2,720 sockeye salmon representing 1,712 CPUE points. Mean date of the run 
was 15 July, and the test fishery encompassed approximately 93.7% of the total run. 

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



INTRODUCTION 

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 (Figurel). The 
objective of this project was to estimate the total run of sockeye salmon Oncorhynchus nerka, to 
UCI before salmon reached commercial harvest areas. Such information has helped ADF&G 
management biologists set commercial fishing times and areas to harvest sockeye salmon surplus to 
spawning needs. Test fishing results have been reported annually since 1979 (Waltemyer 1983a, 
1983 b, l986a, 1 986b, Hilsinger and Waltemyer 1987, Hilsinger 1988, Tarbox and Waltemyer 
1989, Tarbox 1990, 1992, 1994, 1995). This report presents the results of the 1995 test fishing 
project. 

METHODS 

Test Fishing 

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. 
A chartered test fishing vessel sampled stations 4 - 8 daily. To increase sampling power an 
additional station (6.5) was sampled every other day. 

Sampling started on 1 July and continued through 30 July. The chartered vessel, F N  Corrina Kay, 
fished 366 m (1,200 f?) of 2.1 cm ( 5  118 in) multifilament gill net during test fishing. Drift gill net 
web had a filament size number of 53/S6F, was 45 meshes deep, and was constructed of double 
knot Super Crystal shade number 1. 

All salmon captured were identified to species. All sockeye salmon were measured for length 
(mid-eye to fork-of-tail in mrn). 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 
CPUEs = , 

fm of gear x MFT 

where: CPUE, = CPUE for station s, and 
MFT = mean fishing time. 



Mean fishing time was calculated as: 

where: A = time net deployment started, 
B = time net fully deployed, 
C = time net retrieval started, and 
D = time net fully retrieved. 

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

Daily CPUE (CPUEd) was calculated as: 

n 
CPUEd = C CPUE, 

s= 1 

The following physical and chemical measurements were taken at the start of each set: air 
temperature, water temperature (at 1 m below the surface), wind velocity and direction, tide stage, 
water depth, and water clarity. Air and water temperatures were measured using a YSI 
salinityhemperature meter. Unfortunately, the salinity meter malfunctioned during the project. 
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 fin using a Simrad echo sounder, and water clarity was 
measured in 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: 



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 into estimated numbers of salmon passing 
the test fishing transect, was calculated as: 

PR = l/qd = passage rate ( 5 )  

Since 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: CPUEt = total estimated CPUE for the season, 
CPUEf = cumulative CPUE through final day, f, of test fishing, 

Hi = total commercial harvest for the season 
H(f+2) = total commercial catch through final day of test fishery (f+2), and 

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

Estimates of CPUE, and CPUEd values were used to estimate daily and cumulative proportions of 
CPUE, based on a non-linear model: 

where: yd = cumulative proportion of CPUE or return on day d, 
a and b = coefficients of model, 

d = day of observation. 



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

where: M = mean date of return. 

RESULTS AND DISCUSSION 

A total of 2,720 sockeye salmon, 155 pink salmon 0. gorbuscha, 1129 chum salmon 0. keta, 941 
coho salmon 0. kisutch, and 3 chinook salmon 0. tshawytscha, were captured during the 1995 test 
fishery (Table 1, Appendices A-D). Daily sockeye salmon catches ranged fiom 4 to 600 fish (Table 
1). 

Sockeye salmon daily CPUE values ranged from 3.2 on 26 July to 269.7 on 15 July. Cumulative 
total CPUE for the duration of the project was 1,711.5 (Table 1). Using post season commercial 
harvest figures, test fishing spanned approximately 93.7% of the total run. Therefore, total CPUE 
for the test fishery would have been 1,827 if test fishing had continued throughout the duration of 
the run. 

Sockeye salmon catches along the transect were similar to the distribution of CPUE values (Tables 
2 and 3). 

Examination of daily and cumulative proportions (estimated post season) of the sockeye salmon run 
to UCI suggested that 4.8% of the run had passed the transect prior to the start of test fishing on 1 
July and that the run was 96% completed at project termination (Appendix E; Figure 2). The mean 
date of the run was 15 July which was on time relative to the historic average (Table 4). 

The total sockeye salmon run to UCI in 1995 was estimated to be 4.6 million fish of which 2.9 
million were harvested in the commercial fishery (Table 5). Estimated passage rate for the season 
was 2,5 17 sockeye salmon per CPUE index point. 

Water temperatures measured along the transect generally increased during the season fiom a low 
of 7.0°C early in July to a high of 1 l.O°C toward to the end of July (Appendix F). Air temperatures 
fluctuated between 1 1°C and 19OC during the project (Appendix F). Wind velocities were generally 
low to moderate. However, winds of 20 knots or greater were recorded on seven days (Appendix 
F). Wind direction.was variable. 

During the commercial salmon fishing season eight formal estimates of the sockeye salmon total 
run were made (Appendix G). Past studies suggested that the initial best fit estimate was not 
accurate in predicting total run during the season and that the second or third best fit estimate was 
usually more useful. This pattern was evident in 1995. However, the first estimates on 17 July 



indicated a run between 4.6 and 5.9 million sockeye salmon. During the remainder of the season, 
the estimates generally indicated a run between 4 and 5 million fish (Appendix G). 

The objective of the offshore test fish program is to provide UCI management biologists with early 
total run and timing estimates for sockeye salmon. This information, used with age, sex, size and 
stock identification data; harvest and escapement data; and observations on fishing patterns 
combine to formulate a management strategy during the fishing season. It is in this context that the 
data must be viewed. 

The 1995 UCI commercial salmon fishery proceeded in an orderly fashion early in the season and 
run size estimates were not a significant factor until after 15 July (Ruesch, personal communication, 
ADF&G, Soldotna). 
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T a b l e  1. Summary o f  sockeye salmon f i s h i n g  e f f o r t ,  d a i l y  and 
c u m u l a t i v e  c a t c h ,  and d a i l y  and c u m u l a t i v e  CPUE, 
Upper Cook I n l e t  o f f s h o r e  t e s t  f i s h  p r o j e c t ,  1995. 

Mean Ca tch  CPUE 
Number F i s h i n g  Mean 

o  f T i  me Leng th  
Da te  S t a t i o n s  ( i n i n )  D a i l y  Cumul.  D a i l y  Cumul.  (mm) 

F i l e :  9 5 o t f t l . d o c  



T a b l e  2 .  E s t i m a t e d  s o c k e y e  sa lmon c a t c h  by d a t e  and  s t a t i o n ,  
Upper Cook I n l e t  o f f s h o r e  t e s t  f i s h  p r o j e c t ,  1 9 9 5 .  

S t a t i o n  Number 

D a t e  4  5  6 6 . 5  7 8 T o t a l  

T o t a l  1 6 8  8 3 1  9 4 3  4 4 6  250 8 2  2720 

% 6 . 2  3 0 . 6  3 4 . 7  1 6 . 4  9 . 2  3 . 0  100.0 



Table 3 .  Estimated sockeye salmon C P U E  by d a t e  and s t a t i o n ,  
Upper Cook I n l e t  o f f s h o r e  t e s t  f i s h  p r o j e c t ,  1995. 

S t a t i o n  Number 

Date 4  5  6  6 . 5  7  8  Total 

Total 127 .3  542.6 535.5 253.1 189.8 6 3 . 3  1711.5 

% 7.4 31.7 31 .3  1 4 . 8  1 1 . 1  3 .7  100.0 



Table 4. Mean date of the sockeye salmon run across Anchor Point 
transect, Upper Cook Inlet offshore test fish project, 
1979-1995. 

Mean   ate" 

Year Coded Calendar 

July 11 
July 15 
July 06 
July 17 
July 15 
July 11 
July 15 
July 16 
July 18 
July 13 
July 14 
July 18 
July 17 
July 17 
July 14 
July 19 
July 15 

1979-1994 22.2 July 15 

a Day (1) = June 24. File 95otft4 .doc 



Tab le  5 .  The 1995 Upper Cook I n l e t  commerc ia l  salmon h a r v e s t .  

Date 

6 - 0 2  F r i  
6 - 0 5  Mon 
6 - 0 7  Wed 
6 - 0 9  F r i  
6 - 1 2  Mon 

6 - 1 6  F r i  
6 - 1 9  Mon 
6 - 2 1  Wed 
6 - 2 3  F r i  
6 - 2 6  Mon 

6 - 3 0  F r i  
7 -03  Mon 
7 -07  F r i  
7 -10  Mon 
7 - 1 4  F r i  

7 -16  Sun 
7 - 1 7  Non 
7.18 Tue 
7 -19  Wed 
7 -20  Thu 

7 - 2 1  F r i  
7 - 2 3  Sun 
7 - 2 4  Mon 
7 - 2 5  Tue 
7 -27  Thu 

7 - 2 8  F r i  
7.29 Sa t  
7 -30  Sun 
7 - 3 1  Mon 
8.01 Tue 

8.02 Wed 
8 - 0 4  F r i  
8.05 S a t  
8 - 0 7  Mon 
8 - 0 9  Wed 

B.11 F r i  
8.14 Mon 
8.16 Wad 
8 - 1 9  F r i  
8 - 2 1  Mon 

8.23 Wed 
8.25 F r l  
8 .2d  Mon 
8 - 3 0  'dea 
9 - 0 1  F r i  

Number o f  
Oel i v e r i e s  

CPUE 
D a i l y  Cum Cum% 

CATCH (number)  
Oai 1  y Cum Cum% 

F ~ l e  9 5 o t i t S  doc 



NORTHERN 
DISTRICT 

CENTRAL 
DISTRICT 

Barren Islands : 

Gulf of Alaska 

Figure 1. Location of fishing districts and offshore test fish transect in 
Cook Inlet, Alaska, 1995. 
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Append ix  A l .  Summary o f  p i n k  salmon f i s h i n g  e f f o r t ,  
d a i l y  and c u m u l a t i v e  c a t c h ,  and d a i l y  and 
c u m u l a t i v e  CPUE, Upper Cook I n l e t  o f f s h o r e  
t e s t  f i s h  p r o j e c t ,  1995. 

Mean Ca tch  CPUE 
Number F i  s h i  n g  

o  f T i  me 
Da te  S t a t i o n s  ( m i n )  D a i l y  Cumul. D a i l y  Cumul. 

F i l e :  9 5 o t f a l . d o c  



Appendix  A2. E s t i m a t e d  p i n k  salmon c a t c h  by d a t e  and 
s t a t i o n ,  Upper Cook I n l e t  o f f s h o r e  test fish 
p r o j e c t ,  1 9 9 5 .  

S t a t i o n  Number 
- - ---- -- 

Date  4 5  6 6 . 5  7 8 T o t a l  

T o t a l  10 2  3  5 0  3  9  2  4 9 155  

% 6 . 5  1 4 . 8  3 2 . 3  25 .2  1 5 . 5  5 . 8  1 0 0 . 0  



Append ix  A3. E s t i m a t e d  p i n k  salmon CPUE by d a t e  and s t a t i o n ,  
Upper Cook I n l e t  o f f s h o r e  t e s t  f i s h  p r o j e c t ,  

1995. 

S t a t i o n  Number 

Da te  4 5 6 6.5 7 8 T o t a l  

T o t a l  8.4 15.8 25.6 22.2 18.3 7.1 97.3 

% 8.6 16.2 26.3 22.8 18.8 7.3 100.0 



A p p e n d i x  81. Summary o f  chum salmon f i s h i n g  e f f o r t ,  
d a i l y  and c u m u l a t i v e  c a t c h ,  and d a i l y  and 
c u m u l a t i v e  CPUE, Upper Cook I n l e t  o f f s h o r e  
t e s t  f i s h  p r o j e c t ,  1995.  

Mean Ca tch  C P  U E 
Number F i  s h i  ng  

o  f Time 
Da te  S t a t i o n s  ( m i n )  D a i l y  Cumul. D a i l y  Cumul . 

F i l e :  9 5 o t f b l . d o c  



Append ix  B 2 .  E s t i m a t e d  chum salmon c a t c h  by d a t e  and 
s t a t i o n ,  Upper Cook I n l e t  o f f s h o r e  t e s t  f i s h  
p r o j e c t ,  1995 .  

S t a t i o n  Number 

Date  4 5 6 6 . 5  7 8 T o t a l  

To t'a 1  38 144  511 169  242 2 5 1129 

% 3 . 4  1 2 . 8  4 5 . 3  1 5 . 0  2 1 . 4  2 . 2  1 0 0 . 0  



Appendix B3. Estimated chum salmon C P U E  by da te  a n d  s t a t i o n ,  
Upper Cook I n l e t  of fshore  t e s t  f i s h  p r o j e c t ,  

1995.  

S ta t ion  Number 

Date 4  5  6  6 . 5  7  8 Total 

Total 2 9 . 1  9 7 . 3  275 .5  9 9 . 5  1 6 6 . 6  1 9 . 0  6 8 7 . 0  

% 4 . 2  1 4 . 2  4 0 . 1  1 4 . 5  2 4 . 2  2 . 8  1 0 0 . 0  



b'S6S 6's 
9'68s 8'2 
8'98s P'Z 
P'P8S P'PZ 
0'09s L'S 
C'PSS 1-19 
Z'C6P P'OT 
L'Z8P L'OZ 
O'Z9P Z'LC 
8'PZP 8'PZ 
O'OOP 6-81 
T'T8C L'9T 
P'P9C 6'CT 
S'OSE O'CP 
S'LOC T'ST 
P'Z6Z 6'PL 
S'LTZ Z'CL 
C'PPT 6'TP 
P'ZOT 8'P 
9'L6 P'ZI 
2-58 6'1 
C'Z8 9-82 
L'CS 8'01 
6'ZP 9'01 
C"ZC 9'CT 
8'81 L'C 
T'ST 9'9 
S'8 P'Z 
'1'9 8.C 
C.2 C'Z 

T P6 
PC6 
016 
126 
P68 
888 
908 
T6L 
C9L 
901 
899 
ZP9 
029 
009 
STS 
S6P 
PTC 
IT 2 
6ET 
ZCT 
ST1 
TTT 
z L 
8s 
P tr 
S 2 
0 z 
TT 
8 
C 

0'6LT 
O'CP 
S ' C81. 
S'TCZ 
0 'C9T 
O'SCZ 
5.861 
0'6CZ 
0 ' 81 Z 
0'6PZ 
0 ' 681 
S'SZZ 
S'96T 
O'SSZ 
5.68'1 
O'P9Z 
O'LOZ 
O'CSZ 
S'S6T 
0 ' PPZ 
0 ' 981 
S'8CZ 
S'06T 
S'TCZ 
0-002 
S ' OCZ 
0'061 
0 ' OCZ 
0'881 
S'8ZZ 



Appendix C2. Estimated coho salmon catch by da t e  and 
s t a t i o n ,  Upper Cook I n l e t  o f f sho re  t e s t  f i s h  
p r o j e c t ,  1995. 

Sta t ion  Number 

Date 4 5  6 6 .5  7 8  Total 

Total 18 192 394 106 193 38 941 

% 1.9 20.4 41.9 11.3 20.5 4.0 100.0 



Appendix C3. Estimated coho salmon CPUE by date and s t a t i o n .  
Upper Cook I n l e t  o f fshore t e s t  f i s h  p r o j e c t .  
1995, 

Sta t ion  Number 
-- - - - -- - 

Date 4 5 6 6 . 5  7 8 Tota l  

Tota l  14 .0  125.2 215.7 65.4 144.6 30 .5  595.4 

% 2 . 4  21.0 36.2  11.0 24.3 5 . 1  100.0 

a Ind icates s t a t i o n  not  sampled. 

2 3 



Appendix  01. Summary o f  ch inook  salmon f i s h i n g  e f f o r t ,  
d a i l y  and c u m u l a t i v e  c a t c h ,  and d a i l y  and 
c u m u l a t i v e  CPUE, Upper Cook I n l e t  o f f s h o r e  
t e s t  f i s h  p r o j e c t ,  1995. 

Mean Catch CPUE 
Number F i s h i n g  

o f T i  me 
Oate S t a t i o n s  ( m i n )  O a i l y  Cumul. O a i l y  Cumul. 



Append i x  02. Est imated chinook salmon ca tch  by d a t e  and 
s t a t i o n ,  Upper Cook I n l e t  o f f s h o r e  t e s t  f i s h  
p r o j e c t ,  1995.  

S t a t i o n  Number 

Date 4  5  6  6 . 5  7  8  To ta l  

01 - J u l  
02-  J u l  
03-  J u l  
04 - J u ~  
05-Ju l  
06 - Ju l  
07-  Ju l  
08-  Ju l  
09-Ju l  
10 - Ju l  
1 1 - J u ~  
1 2 - J u l  
1 3 - J u l  
14-Ju l  
1 5 - J u ~  
1 6 - J u l  
1 7 - J u ~  
1 8 - J u l  
19-  Ju l  
20-Jul  
21 - J u l  
22-Ju l  
23-Ju l  
24 - J u ~  
25-  Ju l  
26-Ju l  
27-Ju l  
28-Ju l  
29 - Ju l  
30 - Ju l  
-- 

Total  0  2  0  1 0  0 3  

% 0 . 0  6 6 . 7  0 .0  33 .3  0 .0  0.0 100 . O  



Appendix  03. E s t i m a t e d  c h i n o o k  salmon C P U E  by d a t e  and s t a t i o n ,  
Upper Cook I n l e t  o f f s h o r e  t e s t  f i s h  p r o j e c t ,  1995 .  

S t a t i o n  Number 

D a t e  4 5  6  6 . 5  7 8 T o t a l  

T o t a l  0 .0  1 . 6  0.0 0 .8  0 .0  0.0 2.3 

% 0 .0  6 7 . 2  0.0 32.8 0.0 0.0 100.0 



Appendix El.  Entry pattern of sockeye salmon into Upper Cook Inlet, 
daily CPUE measured at the latitude of Anchor Point. 

Alaska. 

Input Estimated Residual Change in Change in 
Day Date Y Y Y estimated Y 

File: 95otfe 1 .doc 



Appendix F1. Chemical and physical observations ndde i n  Upper Cook 
I n l e t .  Alaska during the conduct of the 1995 
offshore t e s t  f ish project. 

Air  Water Wind Water 
Tenp. Teng. Vel. Uind TIde Sal in i ty  Depth Secchi 

Date Station (c)  ( c )  (knots) Oir- Stage- (pptl ( f )  (m) 



Appendix F1. (p  2 o f  4 )  

Air  Water Wind Uater 
T q .  T q .  Vel. Wind Tlde Sal in i ty  Depth Secchi 

Date Station ( c )  (c)  (knots) Dir' Stage- (pptl ( f )  (m) 



Appendix F1. (p 3 of 4)  

Air  Waterwind Uater 
Terrp. Tenp. Vel. Wind Tide Sal in i ty  Depth Secchi 

Date Station (c)  ( c )  (knots) 0 l r '  S t a g e  (ppt) (f) (m) 



Air  Water Wind Water 
Tenp. Tenp. Vel. Wind Tide Sal in i ty  Depth Secchi 

Date Station (c )  (c) (knots) Dire  Stage- (ppt) ( f )  (rn) 

F i le :  9 h t f f l . d o c  
' Wind dtrectlon code I-north.2~ortheast.39ast.4-southeast. 

5-south.6-southwst. 7 ~ S t  .8-1Iorthwst 
- Tide Stage code I -h igh.2- lm.39bb.4- f lwd 



APPENDIX G 







Commercial Harvest I 1 18870001 I 
I 
I 

Residual in District I 1 5450001 I 

1983 
1986 
1987 

2235 4813471 I 

1956 
2024 
2509 

421 2594 
4359044 
5403578 

, I I I I 

( note - all estimates except 1993 and 82-87 average of total index 
points are dropping which suggest 
that the estimates could be high) / 





I I I 

I I I I I I I I I 

Run estimates I 

UPPER COOK INLET RUN SUMMARY THROUGH 24 JULY 1995 1 
I I I I I I I 

Commercial Harvest 1 1 21520001 
1 

I I 
19831 1938 1 4086383 / -1 0 1 ( note - all estimates exceot 1993 and 82-87 averaae of total index 

I 

Residual in District 1 1 2650001 I i 

1986 / 201 5 1 4248742 / -7 1 points are dropping which suggest I 
1987 1 2431 / 51259021 -3 Ithat the estimates could be hiah: 1983 best estimate) I I 



I 

Commercial Harvest 

I 

Residual in District 
I 

1 2200000 

I 

Escapement 
I 

I 
1 180000 

1 

Total I 

I 

I 
951 000 

Otf index 

I i 
3331 0001 

Passage Rate 1 

Run estimates 

I 

1597 / 

1983 
1986 
1987 

! 

I , 
! 

2085.786 

I 

1 

(note: passage rate on 10 July - 2300 
on 14 July estimated 1809 
on 17 July 1908, on 21 July 21 08) 

1919 
1999 
2357 

1991 I 2123 

4002623 
4169486 
49161 97 
4428123 -27 

-1 1 
-1 0 
-38 

( note - all estimates of total index 
points are dropping which suggest 
that the estimates could be high; 1983 best estimate) 



I I I I I 

UPPER COOK INLET RUN SUMMARY THROUGH 28 JULY 1995 

Commercial Harvest 

Passage Rate 

Run estimates 

2539000 

2366.928 

I 

I 

(note: passage rate on 10 July - 2300 
on 14 July estimated 1809 
on 17 July 1908, on 21 July 21 08) 

I 
I 






