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ABSTRACT 

Drift gillnets were fished daily at two stations, or test-fish sites, located on opposite river banks prior to 

every high slack tide in Kvichak, Egegik, Ugashik, and Igushik Rivers, Bristol Bay, Alaska, from mid- 
June to mid-July to estimate 1992 sockeye salmon spawning escapements. Accurate escapement estimates 

were made at counting towers. However, because it took sockeye salmon 1-5 d to reach tower sites after 

passing test fish sites, the test-fish projects provided fishery managers with preliminary escapement 

information. This early information enabled managers to better control commercial harvests and achieve 

escapement goals. The daily test-fish index for each river was the mean of catch per unit effort values 

obtained from all sets made the same day. Numbers of sockeye salmon that escaped the commercial 

fishery were estimated using (1) travel time analysis in which the most recent cumulative tower count was 

divided by cumulative test-fish indices and lagged back in time by daily increments, (2) a power curve 

(catchability model) calculated from mean length (independent variable) and escapement per index point 

(EPI) values from past years (dependent variable), and (3) the mean EPI value. Escapement estimates 

based on travel time for Kvichak, Egegik, Ugashik, and Igushik Rivers were more accurate and less biased 

than estimates based on catchability models or mean EPI values. However, catchability and mean EPI 

estimates were available on the first day of each project, whereas travel-time estimates could not be made 
until 5 d of test fishing data and tower counts were collected. 

KEY WORDS: Sockeye salmon Oncorhynchus nerka, test fishing, spawning escapement 

estimation, fisheries management, Bristol Bay 



INTRODUCTION 

In rivers, test fishing by the Alaska Department of Fish and Game (ADF&G) is used in some areas to 
estimate numbers of salmon that have escaped commercial fishing districts and entered river systems to 
spawn; in Bristol Bay, river test fisheries are used to manage sockeye salmon Oncorhynchus nerka. Test- 
fishery data are available approximately 1 d after sockeye salmon have passed through the commercial 
fishing district and several days earlier than estimates based on visual counts from towers located at the 
head of the river systems. Spawning escapement estimates based on test-fish data assist management 
biologists in regulating commercial fishing periods to maximize harvests and achieve escapement goals. 
Test-fishing projects have been operated on Kvichak River since 1960, on Egegik River since 1963, on 
Ugashik River since 1961, and on Igushik River since 1976 (McBride 1978; Paulus 1965). This report 
summarizes test-fish data collected in 1992 and evaluates the accuracy of forecasting methods used during 
the 1992 season. 

MATERIALS AND METHODS 

Test Fishing 

Two stations on opposite river banks were fished in the lower section of Kvichak, Egegik, Ugashik, and 
Igushik Rivers in 1992. Test-fish stations were close to the commercial fishing district boundary but 
above sockeye salmon milling areas. Stations fished at all four rivers have remained the same since 1987 
(Fried and Bue 1988a). 

Gillnets were drifted at all test-fish sites to estimate sockeye salmon abundance. All drifts were made 
perpendicular and close to shore because sockeye salmon migrate parallel to and near the river bank. 
Drifts at all stations were ended when about 30 sockeye were caught or when the inshore end of the net 
drifted about 25 m offshore and lost efficiency. Two short drifts of <15 min duration were made at each 
Igushik River station about 1.5 h before every high slack tide for the entire season to minimize currents 
carrying the gillnet offshore. Two drifts were made at each station about 1.5 h before every high slack 
tide early in the season at Egegik and Ugashik Rivers. When the estimated sockeye escapement reached 
10-15% of the point goal, only one drift was made at each station for the remainder of the year. One drift 
was made at each Kvichak River station about 1.5 h before every high slack tide for the entire season. 

All gillnets were 45.7 m (150 ft or 25 fathoms) in length and 29 meshes deep. Monotwist web, hung even 
with #50 twine and dyed Momoi shade #1, was used for test fishing on all rivers. Multistrand 
monofilament was used until 1989; however, this web type is now illegal for commercial use and is no 
longer stocked by suppliers. A stretched mesh size of 12.70 cm (5 in) was used on Kvichak River and 
13.02 cm (5-118 in) was used on Egegik, Ugashik, and Igushik Rivers. 

Catch per unit of effort (CPUE), or the number of sockeye salmon caught in 180 m (600 ft or 100 
fathoms) of gillnet fished for 1 h, was calculated for each set. Most sockeye salmon captured during test- 
fishing were sampled for sex and length data. At Igushik River most sockeye salmon test fish catches 



were sampled daily for age information whereas at Kvichak, Egegik, and Ugashik Rivers a maximum of 
40 sockeye salmon were sampled for age information. At least 20-30% of these sockeye salmon were 
also weighed. 

Climatological data was collected at all test-fish camps. Observations were recorded for sky condition, 
wind velocity (kmlh), wind direction, and water temperature ("C). 

Data Analyses 

Mean fishing time (MT), in minutes, was calculated for each set as 

MT = S I  - F O  + 
(FO-SO) + (FI-SI) 

2 

where 
SO = time the gillnet first entered water, 

FO = time the gillnet was fully deployed, 

SI = time the gillnet retrieval began, and 

FI = time the gillnet retrieval completed. 

The CPUE value, Cj, or the number of sockeye salmon caught per 100 fathom hours, was calculated for 
set j as follows: 

where 
N = number of sockeye salmon caught, and 

G = gillnet length in fathoms. 

Then the daily test-fish index, Ii, for day i was calculated as the mean of individual CPUE values obtained 
from sets made the same day, or 



where 
s = number of sets made during day i (usually four sets per day). 

Weighted daily mean length and weight were calculated as 

where 
Di = weighted daily mean length or weight for day i, and 

Sj = mean length or weight for set j. 

As new information became available weighted seasonal mean length and weight were recalculated daily 

where 
Mi = weighted seasonal mean length or weight through day i, and 

Di = mean length or weight for day i. 

Three methods were used to estimate daily spawning escapements: (I) travel-time (EPI,), (2) a 
catchability model (EPI,), and (3) mean EPI value (EPI,). 

Travel-time estimates of spawning escapements were based on the number of days it took sockeye salmon 
to travel from test fish sites to counting tower sites. A range of travel-time estimates was calculated by 
matching daily test-fish indices to daily tower counts. The number of sockeye salmon represented by each 
index point was calculated by dividing the most recent cumulative tower count by cumulative test-fish 
indices lagged back in time by daily increments such that 



where 
EPI, = number of sockeye salmon represented by each test fishing index point based 

on a travel-time of d days, 

E, = number of sockeye salmon traveling past counting tower on day i, and 

t = day of most recent escapement estimate. 

The best initial estimate of travel time produced the smallest squared sum of errors between daily 
cumulative test-fish indices and tower counts. However, travel times that seemed unrealistic based on 
results of past studies or produced unreasonable escapement estimates (e.g., less than observed 
escapement) were rejected even if they produced the best statistical fit to the data. 

Total spawning escapement was then estimated as 

where fit+, = estimated number of sockeye salmon that will travel past counting tower on day t+d. 

Catchability models were based on the relationship between weighted mean season length (independent 
variable) of sockeye salmon caught during test fishing and corresponding historical EPI values (dependent 
variable); these models were used to estimate daily spawning escapements in Egegik and Ugashik Rivers. 
The following power curve was used: 

where a and b = constants derived from a linear regression of 1979-1991 natural logarithm transformed 
data. 

EPI estimates based on catchability models were not used if weighted mean lengths were outside of the 
range of data used to build models. 



Total spawning escapement was then estimated as: 

= EPI, C Ii, 
i =I 

where fit = estimated number of sockeye salmon to have traveled past test fish site by day t. 

We assumed that changes in gillnet web type did not affect CPUE or mean size of sockeye salmon caught. 
A previous study by Bue (1986) found no obvious differences in fishing efficiency or sockeye salmon size 
selectivity between web types used in Bristol Bay. 

For equation (7) mean EPI, values of 112 for Kvichak, 72 for Egegik, and 43 for Ugashik Rivers were 
used based on results of the past 7 years of test fishing (1985-1991); a mean EPI, value of 49, based only 
on results of 1988-1989 and 1991 test fishing, was used for Igushik River (project not operated in 1990). 

Estimates based on catchability models and mean EPI values were used to estimate escapements until 
estimates based on travel time became available. Travel time was preferred because it has usually 
provided more accurate escapement estimates (Stratton 1990; Stratton and Woolington 1992). Also, when 
aerial surveys were flown, escapement estimates made by management biologists were compared to test 
fishing estimates. 

Three statistics were used to measure performance of the various escapement estimators. Percent error, 
PE, was used to measure daily performance: 

where T,, = estimated cumulative spawning escapement on day t based on method a. 

Mean percent error, MPE, was used to measure bias: 

MPE 

where n = total number of days that escapement estimates based on test fishing were available 

Mean absolute percent error, MAPE, was used to measure overall accuracy because it treated under- and 
over-estimation errors similarly: 



,1 

MAPE =x 
1 =I 

RESULTS AND DISCUSSION 

Kvichak River 

Test fishing began 20 June and ended 16 July. A total of 1,935 sockeye salmon were caught, producing 
46,755 index points (Table 1; Appendix A.l). A total of 709 sockeye salmon were sampled for sex, age, 
and length information; 150 were weighed (Appendix A.2). Weighted mean weight and length for the 
season were 2.6 kg and 523 mm (Table 1; Appendix A.3). 

Spawning escapement estimates for 20 to 28 June were based on the 1985-1991 mean EPI, value of 112 
(Table 2; Figure 1). Sufficient spawning escapement data was collected by 29 June to allow estimation 
of EPI, values based on travel time (Table 3; Figure 2). Estimated travel times during the season ranged 
from 2 to 5 d. On the last day of the season, the best estimate of travel time was 4 d. 

Daily spawning escapement estimates based on the 1985-1991 mean EPI value ranged from 89% less to 
61% greater than visual counts from towers, assuming actual travel time was 4 d (Table 2; Figure 1). 
Daily escapement estimates based on travel time ranged from 32% less to 47% greater than tower counts 
(Table 3; Figure 2). 

When both methods were compared, estimates based on travel time analysis were more accurate 
(MAPE=17) and less biased (MPE=-3) than estimates based on the 1985-1991 mean EPI value 
(MAPE=27, MPE=-7; Tables 2, 3; Figures 1, 2). 

Estimated travel time on 16 July, the last day of the project, was 4 d. The cumulative tower count on 20 
July was 4,662,972 sockeye salmon. The travel-time analysis estimate of 4,989,400 was 7% greater, and 
the 1985-1991 mean EPI value estimate of 5,236,447 was 12% greater than the observed tower count. 

Both air and water temperatures collected during the project averaged 13°C (Appendix A.4). Winds 
usually blew southeast. Test-fishery project operations were not seriously hampered by weather conditions 
in 1992. 

Egegik River 

Test fishing began 16 June and ended 11 July. A total of 24,498 daily index points were produced from 
a catch of 1,708 sockeye salmon (Table 4; Appendix B. 1). A total of 71 3 sockeye salmon were sampled 



for sex and age information; 679 of these were sampled for length; 302 were sampled for weight 
(Appendix B.2). Weighted mean weight and length for the season were 2.3 kg and 518 mm (Table 4; 
Appendix B .3). 

Sockeye salmon escapement estimates based on a catchability model and the 1985-1991 mean EPI, value 
(72) were calculated as early as 16 June (Tables 5, 6; Figures 3, 4), and the average of the two estimates 
was used to estimate escapement from 16 to 26 June. Travel-time estimates were first available on 26 
June (Table 7; Figure 5), and used to estimate escapements from 26 June until the end of the season. 
Estimated travel times ranged from 1 to 3 d during the season. On the last day of the season, the best 
travel time estimate was 3 d. 

Assuming travel time was 3 d, daily escapement estimates based on catchability ranged from 21 % less 
to 1,370% greater than visual counts from towers (Table 5; Figure 3). Daily escapement estimates based 
on the 1985-1991 mean EPI value ranged from 53% less to 1,141% greater than visual counts from 
towers (Table 6; Figure 4). Daily escapement estimates based on travel time ranged from 43% less to 
33% greater than visual tower counts (Table 7; Figure 5). Estimates based on the 1985-1991 mean EPI 
value were less than tower counts from 23 June to the end of the season, and catchability estimates were 
greater than tower counts from 27 June to the end of the season. 

When all methods were compared, estimates based on travel time were more accurate (MAPE=12) and 
less biased (MPE=O) than those based on either catchability (MAPE=96; MPE=93) or the 1985-1991 mean 
EPI (MAPE=78, MPE=47; Tables 5-7; Figures 3-5). 

On 11 July, the last day of the project, estimated travel time was 3 d. The cumulative tower count on 14 
July was 1,795,542 sockeye salmon. When compared to the observed tower count, the catchability 
estimate (2,323,638) was 29% greater, the 1985-1991 mean EPI value estimate (1,763,331) was 2% lower, 
and the travel time estimate (2,196,450) was 22% greater. 

Both air and water temperatures collected during the project averaged 1 1°C (Appendix A.4). Winds 
usually blew northeast. Test-fishery project operations were not seriously hampered by weather conditions 
in 1992. 

Ugashik River 

Test fishing began 23 June and ended 18 July. A total of 1,222 sockeye salmon were caught, producing 
21,601 daily index points (Table 8; Appendix C.l). A total of 430 sockeye salmon were sampled for sex, 
age, and length data; 206 were weighed (Appendix C.2). Weighted mean length and weight of captured 
sockeye salmon for the season were 537 mm and 2.7 kg (Table 8; Appendix C.3). 

Sockeye salmon escapement estimates based on a catchability model, the 1985-1991 mean EPI, value (43), 
and travel time were used during the season to estimate spawning escapement (Tables 9-1 1; Figures 6-8). 
Abundance estimates based on the 1985-1991 mean EPI value and catchability were made as early as 23 
June. Travel-time estimates were first available on 7 July. Estimated travel-times during the season 
ranged from 1 to 4 d. On the last day of the season, the best estimate of travel time was 2 d. 

Assuming travel time was 2 d, escapement estimates from the catchability model ranged from 74% less 
to 1,092% greater than tower counts (Table 9; Figure 6). Estimates based on the 1985-1991 mean EPI 
value ranged from 72% less to 1,038% greater than tower counts (Table 10; Figure 7). Travel-time 
estimates ranged from 48% less to 8% greater than tower counts (Table 11; Figure 8). 



Catchability estimates and the 1985-1991 mean EPI value estimates were higher than tower counts from 
23 June through 11 July, then lower for the remainder of the season. 

When all methods were compared, estimates based on travel time were more accurate (MAPE=22) and 
less biased (MPE=-20) than the 1985-1991 mean EPI value (MAPE=186; MPE=141) and the catchability 
model (MAPE=199, MPE=152; Tables 9-11; Figures 6-8) estimates. 

On the last day of the project, estimated travel time was 2 d. The cumulative tower count on 20 July was 
1,997,058 sockeye salmon. When compared to the observed tower count, the 1985-1991 mean EPI value 
estimate (841,443) was 58% lower, the catchability estimate (928,846) was 53% lower, and the travel-time 
estimate (2,158,765) was 8% greater. 

The average air and water temperatures during the project were 13°C (Appendix C.4). Test-fishery project 
operations were not hampered by weather in 1992. 

Zgushik River 

Test fishing began 18 June and ended 13 July. A total of 890 sockeye salmon were caught, producing 
5,175 daily index points (Table 12; Appendix D.l). A total of 458 sockeye salmon were sampled for sex, 
age, and length data; 140 were weighed (Appendix D.2). Weighted mean length and weight of captured 
sockeye salmon for the season were 534 mm and 2.6 kg (Table 12; Appendix D.3). 

Sockeye salmon escapement estimates based on the 1988-1989 and 1991 mean EPI, value (49) and travel 
time (EPI,) were used during the season to estimate spawning escapement (Tables 13-14; Figures 9-10). 
There was insufficient data to estimate a catchability curve because 1992 was only the fourth season that 
drift gillnet gear was used. An abundance estimate based on the 1988-1989 and 1991 mean EPI value 
was made as early as 19 June. Travel-time estimates were first available on 25 June. Estimated travel- 
times during the season ranged from 1 to 4 d. On the last day of the season, the best estimate of travel 
time was 4 d. 

Estimates based on the 1988-1989 and 1991 mean EPI value ranged from 95% less to 5% greater than 
tower counts (Table 13; Figure 9). Travel-time estimates ranged from 37% less to 75% greater than tower 
counts (Table 14; Figure 10). Accuracy of travel-time analysis estimates increased during the season. The 
1988-1989 and 1991 mean EPI value estimates were low for most of the 1992 sampling season. 

When both methods were compared, estimates based on the 1988-1989 and 1991 mean EPI value were 
more accurate (MAPE=36) and less biased (MPE=-35) than those based on travel time (MAPE=121; 
MPE=104; Tables 13-14; Figures 9-10). However, travel time estimates were more accurate and less 
biased (MAPE=17; MPE=-7) from 30 June to 13 July. 

On the last day of the project, estimated travel time was 4 d. The cumulative tower count on 17 July was 
289,644 sockeye salmon. When compared to the observed tower count, the 1988-1989 and 1991 mean 
EPI value estimate (253,607) was 12% lower and the travel time estimate (293,173) was 1% higher. 

Mean water temperature during the project was 13°C; mean air temperature was 16°C (Appendix D.4). 
Test fish project operations were not hampered by weather during 1992; however two drifts were not 
completed on 2 July due to outboard motor problems. 
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TABLES AND FIGURES 



Table 1. Sockeye salmon spawning escapement test-fishing data summary, 
Kvichak River, 1992. 

Daily Mean Weighted Season 
Fishing Mean 
Time Catch Cumulative Weight Length 

Date (min) (no) Index Index (kg) (mm) Weight Length 



Table 2. Comparison of sockeye salmon spawning escapement estimates based on 
mean EPI value (1985-1991: EPI=112) for test-fishing data and visual 
counts from observation towers, Kvichak River, 1992. 

Test Fishing Observation Towers Percent 
Error (PE) 

Cumulative Cumulative of Test 
Number of Date Plus Number of Fishing 

Date Sockeye Salmon Travel Time" Sockeye Salmon Estimate 

Mean Percent Error (MPE) - 7 
Mean Absolute Percent Error (MAPE) 2 7 

a Best travel-time estimate at end of season was 4 d. 



Table 3. Comparison of sockeye salmon spawning escapement estimates based on 
travel-time analysis of test-fishing data and visual counts from 
observation towers, Kvichak River, 1992. 

Test Fishing Observation Towers Percent 
Error (PE) 

Cumulative Cumulative of Test 
Travel EPI Number of Date Plus Number of Fishing 

Date Time (d) Value Sockeye Salmon Travel Time Sockeye Salmon Estimate 

Mean Percent Error (MPE) - 3 
Mean Absolute Percent Error (MAPE) 17 



Table 4. Sockeye salmon spawning escapement test-fishing data summary, 
Egegik River, 1992. 

Daily Mean Weighted Season 
Fishing Mean 
Time Catch Cumulative Weight Length 

Date (min) (no) Index Index (kg) (mm) Weight Length 



Table 5. Comparison of sockeye salmon spawning escapement estimates based on 
catchability analysis of test-fishing data and visual counts from 
observation towers, Egegik River, 1992. 

Test Fishing Observation Towers Percent 
Error (PE) 

Cumulative Cumulative of Test 
Number of Date Plus Number of Fishing 

Date Sockeye Salmona Travel Timeb Sockeye Salmon Estimate 

Mean Percent Error (MPE) 9 3 
Mean Absolute Percent Error (MAPE) 9 6 

" Catchability model was: EPI, = (5.845 X M1-12.080 where Mi = 
weighted mean length (Stratton and Woolington 1992). 

Best travel-time estimate at end of season was 3 d. 

" Observation towers not in operation 



Table 6. Comparison of sockeye salmon spawning escapement estimates based on 
mean EPI value (1985-1991: EPI=72) for test-fishing data and visual 
counts from observation towers, Egegik River, 1992. 

Test Fishing Observation Towers Percent 
Error (PE) 

Cumulative Cumulative of Test 
Number of Date Plus Number of Fishing 

Date Sockeye Salmon Travel Time" Sockeye Salmon Estimate 

Mean Percent Error (MPE) 47 
Mean Absolute Percent Error (MAPE) 7 8 

" Best travel-time estimate at end of season was 3 d. 

Observation towers not in operation 



Table 7. Comparison of sockeye salmon spawning escapement estimates based on 
travel-time analysis of test-fishing data and visual counts from 
observation towers, Egegik River, 1992. 

Test Fishing Observation Towers Percent 
Error (PE) 

Cumulative Cumulative of Test 
Travel EPI Number of Date Plus Number of Fishing 

Date Time (d) Value Sockeye Salmon Travel Time Sockeye Salmon Estimate 

Mean Percent Error (MPE) 0 
Mean Absolute Percent Error (MAPE) 12 



Table 8. Sockeye salmon spawning escapement test-fishing data summary, 
Ugashik River, 1992. 

Daily Mean Weighted Season 
Fishing Mean 
Time Catch Cumulative Weight Length 

Date (min) (no) Index Index (kg) (mm) Weight Length 



Table 9. Comparison of sockeye salmon spawning escapement estimates based on 
catchability analysis of test-fishing data and visual counts from 
observation towers, Ugashik River, 1992. 

Test Fishing Observation Towers Percent 
Error (PE) 

Cumulative Cumulative of ~ e s t  ' 
Number of Date Plus Number of Fishing 

Date Sockeye Salmona Travel Timeb Sockeye Salmon Estimate 

Mean Percent Error (MPE) 152 
Mean Absolute Percent Error (MAPE) 199 

a Catchability model was: EPI, = (1.257 x 10'')  here Mi = weighted 
mean length (Stratton and Woolington 1992). 

Best travel-time estimate at end of season was 2 d. 

Observation towers not in operation. 



Table 10. Comparison of sockeye salmon spawning escapement estimates based on 
mean EPI value (1985-1991: EPI=43) for test-fishing data and visual 
counts from observation towers, Ugashik River, 1992. 

Test Fishing Observation Towers Percent 
Error (PE) 

Cumulative Cumulative of Test 
Number of Date Plus Number of Fishing 

Date Sockeye Salmon Travel Timea Sockeye Salmon Estimate 

Mean Percent Error (MPE) 141 
Mean Absolute Percent Error (MAPE) 186 

a Best travel-time estimate at end of season was 2 d. 

Observation towers not in operation 



Table 11. Comparison of sockeye salmon spawning escapement estimates based on 
travel-time analysis of test-fishing data and visual counts from 
observation towers, Ugashik River, 1992. 

Test Fishing Observation Towers Percent 
Error f PE) 

Cumulative Cumulative of ~ e s t ~ '  
Travel EPI Number of Date Plus Number of Fishing 

Date Time (d)  Value Sockeye Salmon Travel Time Sockeye Salmon Estimate 

Mean Percent Error (MPE) -20 
Mean Absolute Percent Error (MAPE) 2 2 



Table 12. Sockeye salmon spawning escapement test-fishing data summary, 
Igushik River, 1992 

Weighted 
Daily Mean Season Mean 

Fishing 
Time Catch Cumulative Weight Length Weight Length 

Date (min) (No) Index Index (kg) (mm) (kg) (mm) 



Table 13. Comparison of sockeye salmon spawning escapement estimates based 
on mean EPI value (1988-90 and 1991: EPI=49) for test-fishing data 
and visual counts from observation towers, Igushik River, 1992. 

Test Fishing Observation Towers Percent 
Error (PE) 

Cumulative Cumulative of Test 
Number of Date Plus Number of Fishing 

Date Sockeye Salmon Travel Timea Sockeye Salmon Estimate 

Mean Percent Error (MPE) - 35 
Mean Absolute Percent Error (MAPE) 36 

" Best travel-time estimate at end of season was 4 d. 



Table 14. Comparison of sockeye salmon spawning escapement estimates based on 
travel-time analysis of test-fishing data and visual counts from 
observation towers, Igushik River, 1992. 

Test Fishing Observation Towers Percent 
Error (PE) 

Cumulative Cumulative of Test 
Travel EPI Number of Date Plus Number of Fishing 

Date Time (dl Value Sockeye Salmon Travel Time Sockeye Salmon Estimate 

Mean Percent Error (MPE) 104 
Mean Absolute Percent Error (MAPE) 121 

Mean Percent Error (MPE) - 7 
Mean Absolute Percent Error (MAPE) 17 
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Figure 1. Comparison of 1985-1991 mean EPI value sockeye salmon escapement 
forecast and observed escapement, Kvichak River, 1992. 
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Figure 2. Comparison of travel-time analysis sockeye salmon escapement 
forecast and observed escapement, Kvichak River, 1992. 
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Figure 3. Comparison of catchability analysis sockeye salmon escapement 
forecast and observed escapement, Egegik River, 1992. 
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Figure 4. Comparison of 1985-1991 mean EPI value sockeye salmon escapement 
forecast and observed escapement, Egegik River, 1992. 
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Figure 5. Comparison of travel-time analysis sockeye salmon escapement 
forecast and observed escapement, Egegik River, 1992. 
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Figure 6. Comparison of catchability analysis sockeye salmon escapement 
forecast and observed escapement, Ugashik River, 1992. 
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Figure 7. Comparison of 1985-1991 mean EPI value sockeye salmon escapement 
forecast and observed escapement, Ugashik River, 1992. 

- 32 - 



+ Forecast + Observed 

Figure 8. Comparison of travel-time analysis sockeye salmon escapement 
forecast and observed escapement, Ugashik River, 1992. 
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Figure 9. Comparison of 1988-1989 and 1991 mean EPI value sockeye salmon escapement 
forecast and observed escapement, Igushik River, 1992. 
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Figure 10. Comparison of travel-time analysis sockeye salmon escapement 
forecast and observed escapement, Igushik River, 1992. 
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APPENDIX 





APPENDIX A: KVICHAK RIVER 

A.1. Sockeye salmon test-fishing data, Kvichak River, 1992 

Mean 
Fishing Test Mean Mean 

Set Time Sockeye Fishing Weight Length 
Date No. Station (min) Catch Index (kg) (mm) 



APPENDIX A:  KVICHAK RIVER ( p  2 of 6) 

Mean 
Fishing Test Mean Mean 

Set Time Sockeye Fishing Weight Length 
Date No. Station (min) Catch Index (kg) (mm) 



Mean 
Fishing Test Mean Mean 

Set Time Sockeye Fishing Weight Length 
Date No. Station (min) Catch Index (kg) (mm) 



APPENDIX A: KVICHAK RIVER ( p  4 of 6) 

A.2. Age, sex, and size composition of sockeye salmon caught in the 
Kvichak River test fishery, 1992. 

Age Group 

0.2 0.3 1.2 . 1.3 2.2 1.4 2.3 Total 

All Periods Combined 

MALES 

Percent 0.14 
Sample Size 1 
Mean Length 42 9 
Std. Error 
Sample Size 1 
Mean Weight 
Std. Error 
Sample Size 

Percent 
Sample Size 
Mean Length 
Std. Error 
Sample Size 
Mean Weight 
Std. Error 
Sample Size 

Percent 0.14 
Sample Size 1 
Mean Length 429 
Std. Error 
Sample Size 1 
Mean Weight 
Std. Error 
Sample Size 

FEMALES 

ALL FISH 



APPENDIX A: KVICHAX RIVER (p 5 of 6) 

A.3. Kvichak River sockeye salmon test-fishing data, 1979-1992. 

Indices 
Weighted 

Season Mean Last 
Travel Cumulative Date 

Year Weight Length Time (d) Number Fished 

197gb 2.5 520 2 21,901 6/29 
1980 2.2 514 2 106,315 7/09 
1981 2.6 529 2 20,813 7/01 
1982 2.6 532 2 17,718 7/21 
1983 2.3 5 14 2 13,234 7/12 
1984 2.3 5 19 3 45,584 7/12 
1985' 2.5 538 5 41,649 7/16 
1986 2.5 530 1 25,923 7/15 
1987 2.1 5 0 9 2 55,881 7/14 
1988 2.7 5 4 8 1 38,743 7/17 
1989 2.4 516 2 58,044 7/16 
1990 2.3 510 3 44,794 7/15 
1991 2.3 5 2 9 2 56,669 7/17 

- - - 

Mean 2.4 524 2 

Spawning 
Escapement 

Cumulative 
Number Datea E P I  

Test Fishing Data 
Reference 

Meacham (1980) 
Bue and Meacham (1981) 
Bue (1982) 
Bue (1984) 
Yuen (1985) 
Yuen et al. (1985) 
Bue et al. (1988) 
Yuen et al. (1988) 
Fried and Bue (1988a) 
Fried and Bue (1988b) 
Stratton et al. (1990) 
Stratton (1990) 
Stratton and Woolington 

(1992) 

1992d 2.6 523 4 46,755 7/16 4,686,828 7/20 100 Current Report 

a Cumulative spawning escapement date is last date fished at test fishing site plus travel time 
to counting tower site. 

Two sites used from 1979-1984: station 1 on west bank above Nakeen; station 2 on east bank 
about 2 km above Sea Gull Flat Island. 

Data from 1985 to present may not be comparable with those from 1979-1984. Test fishing sites 
were relocated in 1985 about 20 krn upriver from old sites, and gillnets with smaller stretched 
mesh size (12.70 cm instead of 13.65 cm) and different web material (multistrand monofilament 
instead of multifilament nylon) were used. 

Catchability model for 1993 : EPI, = (1.200 X lo3') M ~ - ~ ~ . ~ ~ ~  where M, = weighted mean length. 



Appendix A.4. Climatological and hydrological observations made at 
Kvichak River sockeye salmon test-fishing site, 1992. 

Wind Velocity Air Temp. Water 
Cloud Covera (km/hr) ("C) Temp. (OC) 

- -  

Water 
Date a.m. p.m. a.m. p.m. a.m. p.m. a.m. p.m. Precipitationb Clarity 

6/20 2 2 calm calm 9 19 15 A murky 
6/21 4 3 5 S 5-10 SE 7 19 11 12 0 murky 
6/22 4 4 5 E calm 7 16 A dk. brown 
6/23 3 3 calm calm 8 20 13 0 dk. brown 

0 dk. brown 
A dk. brown 
A dk. brown 

6/27 4 4 0- 5 SE 5-10 SE 13 14 11 12 B dk. brown 
6/28 4 4 5-10 E 15-20 SE 10 14 B dk. brown 
6/29 4 3 calm 0- 5 S 11 14 - B dk. brown 
6/30 3 4 calm 5-10 S 7 15 - 0 dk. brown 
7/01 1 2 calm calm 4 21 - 13 0 dk. brown 
7/02 3 4 calm 
7/03 4 1 calm 
7/04 3 2 calm 

7/06 4 4 0 - 5 S E  
7/07 4 2 calm 
7/08 4 3 10-20 NE 

7/10 4 1 calm 
7/11 5 4 calm 
7/12 5 2 5-10 S 
7/13 4 4 5-10 SE 
7/14 3 3 10-20 SE 
7/15 3 4 calm 
7/16 4 4 calm 

0- 5 S 
calm 

10-20 SE 
10-20 SE 
0- 5 SE 
10-15 N 
0- 5 NE 
calm 
calm 
5-10 W 
5-10 S 
0- 5 SE 
calm 
calm 
5-10 SE 

7 14 12 12 A dk. brown 
10 18 13 13 0 dk. brown 
11 20 14 13 0 dk. brown 
11 13 13 13 A dk. brown 
12 14 13 13 A dk. brown 
11 16 13 14 0 dk. brown 
10 15 13 14 B dk. brown 
12 17 14 A dk. browr, 
13 16 14 13 A dk. brown 
12 15 13 13 A dk. brown 
8 15 14 14 0 dk. brown 
9 14 14 14 A dk. brown 
10 15 14 14 0 dk. brown 
11 16 13 14 0 dk. brown 
8 16 13 14 0 dk. brown 

a 1 = cloud cover not more than 1/10, 2 = cloud cover not more 
than 1/2, 3 = cloud cover more than 1/2, 4 = completely overcast, 
and 5 = fog 

0 = none; A = intermittent rain; B = continuous rain 



APPENDIX B: EGEGIK RIVER 

B.1. Sockeye salmon test-fishing data, Egegik River, 1992 

Mean 
Fishing Test Mean Mean 

Set Time Sockeye Fishing Weight Length 
Date No. Station (min) Catch Index (kg) (m) 



APPENDIX B :  EGEGIK RIVER (p 2 of 7) 

Mean 
Fishing Test Mean Mean 

Set Time Sockeye Fishing Weight Length 
Date No. Station (min) Catch Index (kg) (mm) 



APPENDIX B:  EGEGIK R I V E R  (p 3 of 7) 

Mean 
Fishing Test Mean Mean 

Set Time Sockeye Fishing Weight Length 
Date No. Station (min) Catch Index (kg) (mm) 



APPENDIX B:  EGEGIK RIVER ( p  4 of 7 )  

Mean 
Fishing Test Mean Mean 

Set Time Sockeye ~ishing Weight Length 
Date No. Station (min) Catch Index (kg) (mm) 



APPENDIX B: EGEGIK RIVER (p 5 of 7) 

B.2. Age, sex, and size composition of sockeye salmon caught in the Egegik 
River test fishery, 1992. 

Age Group 

1.2 2.1 1.3 2.2 1.4 2.3 3.2 Total 

All Periods Combined 

MALES 

Percent 
Sample Size 
Mean Length 
Std. Error 
Sample Size 
Mean Weight 
Std. Error 
Sample Size 

Percent 
Sample Size 
Mean Length 
Std. Error 
Sample Size 
Mean Weight 
Std. Error 
Sample Size 

Percent 
Sample Size 
Mean Length 
Std. Error 
Sample Size 
Mean Weight 
Std. Error 
Sample Size 

FEMALES 

ALL FISH 



APPENDIX B: EGEGIK RIVER (p 6 of 7) 

B.3. ~est-fishing data, 1979-1992, to estimate constants for ~gegik ~iver catchability model. 

Mean 

Indices 
Weighted 
Season Mean Last 

Travel Cumulative Date 
Weight Length Time (d) Number Fished 

2.7 548 1 23,980 7/10 
2.3 525 4 13,312 7/16 
2.6 544 3 18,921 7/13 
3.0 5 6 9 3 30,361 7/12 
2.6 537 1 16,276 7/10 
2.6 543 3 26,947 7/12 
2.4 529 4 19,974 7/09 
2.5 5 4 1 1 16,370 7/14 
2.7 5 5 1 2 21,810 7/14 
2.8 553 1 21,024 7/16 
2.7 551 3 30,343 7/12 
2.4 525 3 17,578 7/16 
2.5 533 4 31,066 7/12 

Spawning 
Escapement 

Cumulative 
Number  ate^ EPI 

Test Fishing Data 
Reference 

Meacham (1980) 
Bue and Meacham (1981) 
Bue (1982) 
Bue (1984) 
Yuen (1985) 
Yuen et al. (1985) 
Bue et al. (1988) 
Yuen et al. (1988) 
Fried and Bue (1988a) 
Fried and Bue (1988b) 
Stratton et al. (1990) 
Stratton (1990) 
Stratton and woolington 

(1992) 

Current Report 

a Two sites located about 3 km upriver from tip of Egg Island used: station 1 on south bank and 
station 2 on north bank. 

Cumulative spawning escapement date is last date fished at test fishing site plus travel time 
to counting tower site. 

Data from 1985 to present may not be comparable with those from 1979-1984 because gillnets with 
a smaller stretcher? .~~lsh size (13.02 cm instead of 13.65 cm) and different web material (multi- 
strand monofilamer~i: ~rlstead of multifilament nylon) were used. 

Catchability model for 1993: EPI, = (9 .I75 X lo3') M ~ - ~ ~ . ~ ~ ~  where M, = weighted mean length. 



APPENDIX B: EGEGIK RIVER (p 7 of 7 )  

Appendix B.4. Climatological and hydrological observations made at 
Egegik River sockeye salmon test-fishing site, 1992. 

Wind Velocity Air Temp. Water 
Cloud Cover" (km/hr) ("C) Temp. ("c) 

Date a.m. p.m. a.m. p.m. a.m. p.m. a.m. p.m. precipitationb Clarity 

2 NE 
2 NE 
10 NE 
calm 
calm 
30 NE 
25 NE 
10 NE 
15 NE 
calm 
calm 
calm 
20 NE 

! -  5 SW 

4 NE 
2 NE 
15 NE 
calm 

15 NNE 
10 NE 
calm 
10 NE 
calm 
calm 
25 NE 
2 NE 

calm 
4 SSW 

5-10 NE 
5 NE 
2 SW 
30 NE 
10 NE 
calm 
10 NE 
calm 
20 NNE 

It. brown 
It. brown 
It. brown 
brown 

It. brown 
brown 
brown 

It. brown 
It. brown 
It. brown 
It. brown 
It. brown 
It. brown 
brown 
brown 

It. brown 
It. brown 
brown 
brown 
brown 
brown 

It. brown 
brown 
brown 
brown 

a 1 = cloud cover not more than 1/10, 2 = cloud cover not more 
than 1/2, 3 = cloud cover more than 1/2, 4 = completely overcast 

0 = none; A = intermittent rain 



APPENDIX C :  UGASHIK RIVER 

C.1. Sockeye salmon test-fishing data, Ugashik River, 1992. 

Mean 
Fishing Test Mean Mean 

Set Time Sockeye Fishing Weight Length 
Date No. Station (min) Catch Index (kg) (mm) 



APPENDIX C :  UGASHIK RIVER ( p  2 of 9 )  

Mean 
Fishing Test Mean Mean 

Set Time Sockeye Fishing Weight Length 
Date No. Station (min) Catch Index (kg) (mm) 



APPENDIX C: UGASHIK RIVER (p 3 of 9) 
C.1. (p 3 of 5). 

Mean 
Fishing Test Mean Mean 

Set Time Sockeye Fishing Weight Length 
Date No. Station (min) Catch Index (kg) (mm) 



APPENDIX C: UGASHIK RIVER ( p  4 of 9) 
C.1. ( p  4 of 5 ) .  

Mean 
Fishing Test Mean Mean 

Set Time Sockeye Fishing Weight Length 
Date No. Station (min) Catch Index (kg) (mm) 



APPENDIX C: UGASHIK RIVER ( p  5 of 9 )  

Mean 
Fishing Test Mean Mean 

Set Time Sockeye Fishing Weight Length 
Date No. Station (min) Catch Index (kg) (m) 



APPENDIX C: UGASHIK RIVER (p 6 of 9) 

C.2. Age, sex, and size composition of sockeye salmon caught in the Ugashik 
River test fishery, 1992. 

Age Group 

1.2 1.3 2.2 1.4 2.3 Total 

All Periods Combined 

MALES 

Percent 
Sample Size 
Mean Length 
Std. Error 
Sample Size 
Mean Weight 
Std. Error 
Sample Size 

Percent 
Sample Size 
Mean Length 
Std. Error 
Sample Size 
Mean Weight 
Std. Error 
Sample Size 

Percent 
Sample Size 
Mean Length 
Std. Error 
Sample Size 
Mean Weight 
Std. Error 
Sample Size 

FEMALES 

ALL FISH 



APPENDIX C: UGASHIK RIVER (p 7 of 9) 

C.3. Test-fishing data, 1979-1992, to estimate constants for Ugashik River catchability model. 

Indices 
Weighted 
Season Mean Last 

Travel Cumulative Date 
Year Weight Length Time (d) Number Fished 

197gb 2.6 538 9 42,880 7/13 
19 8 0 2.4 5 19 3 85,711 7/17 
1981' 2.9 5 6 0 3 73,861 7/16 
1982d 3.1 57 2 4 48,057 7/15 
1983 2.4 522 1 15,485 7/16 
1984 2.4 5 2 3 8 20,138 7/17 
1985e 2.3 53 6 7 30,903 7/16 
1986 2.9 562 9 36,786 7/15 
1987f 2.6 547 6 14,393 7/17 
1988 2.7 549 2 16,106 7/24 
1989 2.4 5 3 2 5 36,562 7/21 
1990 2.7 53 3 3 20,113 7/20 
1991 2.6 534 4 27,359 7/15 

- - - 
Mean 2.6 541 5 

Spawning 
Escapement 

Cumulative 
Number Datea EPI 

Test Fishing Data 
Reference 

Meacham (1980) 
Bue and Meacham (1981) 
Bue (1982) 
Bue (1984) 
Yuen (1985) 
Yuen et al. (1985) 
Bue et dl. (1988) 
Yuen et al. (1988) 
Fried and Bue (1988a) 
Fried and Bue (1988b) 
Stratton et al. (1990) 
Stratton (1990) 
Stratton and Woolington 

(1992) 

Current Report 

a Cumulative spawning escapement date is last date fished at test fishing site plus travel time 
to counting tower site. 

Three fishing sites used from 1979-1980: station 1 on east bank about 1 km below Ugashik 
Village; stations 2 and three on west bank about 4 km and 5 km above Ugashik Village. 

Two sites used from 1981-present: station 1 on east bank located about 7 km upriver of Ugashik 
Village; station 2 on west bank located about 8 km upriver of Ugashik Village. 

Stations 1 and 2 moved about 2 km and 3 km downriver, respectively. 





APPENDIX C: UGASHIK RIVER (p 9 of 9) 

Appendix C.4. Climatological and hydrological observations made at 
Ugashik ~iver sockeye salmon test-fishing site, 1992. 

Wind Velocity Air Temp. Water 
Cloud Covera (kmlhr) ("C) Temp. (OC) 

Water 
Date a.m. p.m. a.m. p.m. a.m. p.m. a.m. p.m. Precipitation" Clarity 

5-10 SW 
0- 5 SE 
calm 

20-25 NW 
5-10 SW 
0- 5 SW 
15-20 E 
0- 5 SW 
0- 5 SW 
calm 

0- 5 SW 
5-10 W 
10-15 W 
0- 5 SE 
calm 
0- 5 SW 
5-10 NE 
calm 

10-15 W 
15-20 W 
15-20 W 
10-20 SW 

- 
- 

10-15 SW 
20-25 W 
calm 

0- 5 SW 
5-10 N 
10-15 SW 
10-15 SW 
0- 5 SW 
25-30 E 
15-20 NE 
0- 5 W 
calm 
0- 5 SW 
5-10 SW 
calm 

25-30 W 
10-15 SW 
0- 5 SE 
10-15 SE 
5-10 W 
10-15 SE 
calm 

15-20 W 
10-15 W 
10-15 W 
15-20 SW 

20-25 SW 
10-15 W 

- 

dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 

a 1 = cloud cover not more than 1/10, 2 = cloud cover not more 
than 1/2, 3 = cloud cover more than 1/2, 4 = completely overcast, 
and 5 = fog 

0 = none; A = intermittent rain; B = continuous rain 



APPENDIX D: I G U S H I K  RIVER 

D.1. Sockeye salmon test-fishing data, Igushik River, 1992 

Mean 
Fishing Test Mean Mean 

Set Time Sockeye Fishing Weight Length 
Date No. Station (min) Catch Index (kg) (mm) 



A P P E N D I X  D: I G U S H I K  R I V E R  ( p  2 of 9) 

Mean 
Fishing Test Mean Mean 

Set Time Sockeye Fishing Weight Length 
Date No. Station (min) Catch Index (kg) (mm) 

Continued- 



APPENDIX D: I G U S H I K  R I V E R  ( p  3 of 9) 

Mean 
Fishing Test Mean Mean 

Set Time Sockeye Fishing Weight Length 
Date No. Station (min) Catch Index (kg) (mm) 



APPENDIX D: IGUSHIK RIVER (p 4 of 9) 

Mean 
Fishing Test Mean Mean 

Set Time Sockeye Fishing Weight Length 
Date No. Station (rnin) Catch Index (kg) (mm) 



APPENDIX D: IGUSHIK RIVER (p 5 of 9) 

Mean 
Fishing Test Mean Mean 

Set Time Sockeye Fishing Weight Length 
Date No. Station (min) Catch Index (kg) (mm) 

a Two drifts missed due to mechanical problems with the outboard 
motor. 



D.2. Age, sex, and size composition of sockeye salmon caught in the 
Igushik River test fishery, 1992 

Age Group 

0.2 0.3 1.2 0.4 1.3 2.2 1.4 2.3 Total 

Percent 
Sample Size 
Mean Length 
Std. Error 
Sample Size 
Mean Weight 
Std. Error 
Sample Size 

Percent 
Sample Size 
Mean Length 
Std. Error 
Sample Size 
Mean Weight 
Std. Error 
Sample Size 

Percent 
Sample Size 
Mean Length 
Std. Error 
Sample Size 
Mean Weight 
Std. Error 
Sample Size 

FEMALES 

ALL FISH 



APPENDIX D: IGUSHIK RIVER (p 7 of 9) 

D.3. ~gushik ~ i v e r  sockeye salmon test-fishing data, 1979-1992. 

Indices Spawning 
Weighted Escapement 

Season Mean Last 
Travel Cumulative Date Cumulative Test Fishing Data 

Year Weight Length Time(d)a Number Fished Number  ate^ EPI Ref erenceC 

McBride and Clark (1980) 
McBride (1981) 
Minard (1982) 
Bucher (1984) 
Bucher and Frederickson 
(1985) 
Yuen et al. (1985) 
Bue et al. (1988) 
Yuen et al. (1988) 
Fried and Bue (1988a) 
Fried and Bue (1988b) 
Stratton et al. (1990) 

Stratton and Woolington 
(1992) 

Mean 3.1 559 4 2 7 

1992 2.6 534 4 5,175 7/13 289,644 7/17 56 CurrentReport 

a Estimates for 1979-83 based on correlation coefficients; estimates for 1984-present based on 
travel time analysis. 

Cumulative spawning escapement data = last date fished at test fishing site plus travel time 
to counting tower site. 





APPENDIX D: IGUSHIK RIVER ( p  9 of 9) 

D.4. Climatological and hydrological observations made at Igushik River 
sockeye salmon test-fishing site, 1992. 

Wind Velocity Air Temp. Water 
Cloud Cover" (km/hr) ("C) Temp. ( "C)  precipitationb 

Amt . Water 
Date a.m. p.m. a.m. p.m. a.m. p.m. a.m. p.m. a.m. p.m. (mm) Clarity 

dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 
dk. brown 

" 1 = cloud cover not more than 1/10, 
2 = cloud cover not more than 1/2, 
3 = cloud cover more than 1/2, 
4 = completely overcast, and 
5 = fog 

0 = none; A = intermittent rain; B = continuous rain 



The Alaska Department of Fish and Game conducts all programs and activities 
free from discrimination on the basis of sex, color, race, religion, nationas origin, 
age, marital status, pregnancy, parenthood, or disability. For information on 
alternative formats available for this and other department publications, please 
contact the department ADA Coordinator at (voice) 907-465-4120, (TDD) 1-800- 
478-3648, or (fax) 907-586-6595. Any person who believes he or she has been 
discriminated against by this agency should write to: ADF&G, P.O. Box 25526, 
Juneau, AK 99802-5526; or O.E.O., U.S. Department of the interior, Washington, 
DC 20240. 
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