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Abstract—A resistance board weir was used to collect run timing, abundance, and
biological data from salmon in the Tuluksak River, June 29-September 11, 1994. The weir
escapement of 15,724 chum Oncorhynchus keta, 2,917 chinook O. tshawytscha, 3,488 pink
O. gorbuscha, 82 sockeye O. nerka, and 7,953 coho salmon O. kisutch were all higher than
1991 to 1993 weir escapements for all species except coho and sockeye salmon. Peaks in
weekly passage occurred July 10-16 for chinook, July 17-18 for chum and sockeye, and
August 9-15 for pink salmon. The weir was submerged for an estimated 40% of the coho
salmon run, and the total escapement was estimated.

Other species counted included 478 Dolly Varden Salvelinus malma, 272 whitefish
(Coregonus and Prosopium spp.), 110 Arctic grayling Thymallus arcticus, and nine northem
pike Esox lucius. Whitefish moved primarily in September while Dolly Varden and Arctic
grayling moved in July.

Sex composition in the chum salmon escapement shifted from predominately males to
females as the run progressed. Females composed 51% of the chum salmon escapement;
24% of the chinook salmon escapement, and 38% of the sampled coho salmon escapement.
Coho salmon were not sampled during the peak of the run due to high water.

Gill net marks ranged from 0.5% on chum salmon to 16% on female chinook salmon
sampled at the weir.

Travel times from the Bethel test fishery to the weir were estimated to be 10 and 12 days
for chum and chinook salmon, respectively.






Table of Contents

Page

Abstract . . ... 1
Listof Tables ........ ... .. . . . 11
Listof Figures .. ... .. . . . i
Listof Appendices ........... ... ... . ... . . v
Imtroduction ........ ... . . . . 1
Study Area . ... .. 4
Methods . . .. ... ... 4
Weir Operation ........ ... ... .. . . . . 4
Biological Data .. ......... ... ... ... .. . . . 6
Migration Rates . ....... .. ... . 8
Stream-Life ... ... . 9
Results ... ... . 9
Weir Operation ............ ... .. i 9
Biological Data . . ............ ... ... . . . 9

Chum salmon ....... ... .. . . . 9

Chinook salmon .. ... ... . . . . . . . . . 12

Pinksalmon . ... .. .. . . . . . 13

Sockeye salmon . ...... . .. . 14

Cohosalmon ..... ... . . . . . . . . . . . . 14

Migration Rates . ........ ... .. .. . . . . . 15
Stream-Life ... .. ... 15
Discussion . ............ . . e 16
Biological Data . . .......... ... . . . . . . 16
Chumsalmon .......... ... .. .. ... . . . . . . . . . . i 16

Chinook salmon .. ...... ... . . . . . . . . . . . . 17

Pinksalmon .. ... .. 24

Sockeye salmon . ... ... 25

Coho salmon ... ... .. . . . . . . 25

Migration Rates . ...... ... ... . . . . . 26
Stream-Life .. ... . .. 28
Recommendations ....... ... ... .. .. ... 31
Acknowledgments ........ .. ... ... 32
References .. ... ... .. 33
Appendices . ... 36

1






Table Page
1. Lengths-at-age for chum salmon sampled at the Tuluksak River weir, Alaska, 1994. . . .. 12
2. Lengths-at-age for chinook salmon sampled at the Tuluksak River weir, Alaska, 1994. .. 13
3. Lengths-at-age for pink salmon sampled at the Tuluksak River weir, Alaska, 1994, .. ... 14
4. Lengths-at-age for sockeye salmon sampled at the Tuluksak River weir, Alaska, 1994. .. 15
5. Lengths-at-age for coho salmon sampled at the Tuluksak River weir, Alaska, 1994. . ... 16
6. Comparative chum and chinook salmon catches in the commercial fishery by year in

the lower Kuskokwim River, 1991-1994 (Francisco et al. 1995). ... .. 20
7. Comparisori of swimming speeds of tagged salmon on the Kuskokwim River and

estimates based upon median cumulative passage at the Bethel test fishery and the

Tuluksak River weir. .......... ... ... . . . 28

List of Figures

Figure ‘ Page
1. Lower Kuskokwim River tributaries on the Yukon Delta National Wildlife Refuge,

Alaska. ... ..o 2
2. Fish weir location in the Tuluksak River, Alaska, 1994. ........ ... ... ... . ... . 5
3. Daily escapement counts for the five species of salmon passing the Tuluksak River weir

from June 29 to September 11, 1994, ........ ... ... ... .. . ... ... . ... ... . 10
4. Comparison of cumulative catch per unit of effort, in the Bethel test fishery and cumulative

escapement and carcass counts for chum, chinook, and coho salmon at the Tuluksak

River weir, 1991-1994. ... ... ... ... 18
5. Changes in sex and age composition in the chum salmon escapement relative to run

progression at the Tuluksak River weir, 1991-1994. (Data source: Francisco et al. 1995) 19
6.  Comparison of sex and age compositions in chinook salmon escapements at the

List of Tables

Tuluksak River weir, 1991-1994. ... ... ... ... ... ... .. . ... .. ... .. 22

111



List of Figures (continued)
Figure » Page

7. Comparison of weekly chinook salmon passage and percent female composition at
the Tuluksak River weir, 1991-1994. .. ... ... . . 23

8.  Comparison of age compositions in coho salmon escapements at the Tuluksak River
weir, 1991-1094. 27

9.  Estimated run timing of Tuluksak-River-bound chum salmon at the Bethel test
fishery during 1994 based on run timing at the Tuluksak River weir and radio
telemetry tracking results (Bering Sea Fishermen’s Association, unpublished data). .... 29

10. Susceptibility of Tuluksak-River-bound chinook salmon to commercial exploitation
based on estimated run timing of Tuluksak-River-bound chinook salmon at the Bethel
test fishery and commercial harvests of this species in the Kuskokwim River below
Tuluksak, 1991-1994. . . . .. . 30

v



List of Appendices

Appendix Page

1. Aerial index estimates for chum and chinook salmon in the Tuluksak River, 1960-1994 . 36
2. Water levels and temperatures in the Tuluksak River, Alaska, 1994. . ... ........ ... . 37

3. Daily weir counts of salmon, gill net marked salmon, and other fish species, Tuluksak
Riverweir, 1994 .. 38

5. Daily cumulative proportion of chum, chinook, sockeye, pink, and coho salmon
counted through the Tuluksak River weir, 1991-1994 .. ... ... ... .. . . ... .. .. ... .. 42

6.  Daily cumulative proportion of salmon spawnouts and carcasses counted on the
upstream side of the Tuluksak River weir, 1991-1994 ... ... ... ... . ... . ... . ... .. 44

7. Daily cumulative proportion of salmon captured in the Bethel test fishery, 1991-1994
(Franciscoetal. 1995) . ... .o o 46

8. Estimated age and sex composition of weekly chum salmon passage and estimated
design effects used in computing first order correction chi square statistics from the
Tuluksak River, 1994. ... ... ... . . .. 48

9.  Estimated age and sex composition of weekly chinook salmon passage and estimated
design effects used in computing first order correction chi square statistics from the
Tuluksak River, 1994 ... ... ... ... . 50

10. Estimated age and sex composition of weekly coho salmon passage and estimated

design effects used in computing first order correction chi square statistics from the
Tuluksak River, 1994 . ... ... . 51

11.  Passage of whitefish, Dolly Varden, northern pike and Arctic grayling through
the Tuluksak River weir, June 29-September 11, 1994 ... ... .. ... . ... . .. . ... ... 52






Introduction

The Tuluksak River is a tributary of the lower Kuskokwim River located on the Yukon Delta
National Wildlife Refuge (Refuge). The Tuluksak River provides important spawning and rearing
habitat for chum Oncorhynchus keta, chinook O. tshawytscha, pink O. gorbuscha, sockeye O. nerka,
and coho salmon O. kisutch (Figure 1)(Alt 1977; U.S. Fish and Wildlife Service 1992). Salmon
returning to the Tuluksak River migrate 218 rkm in the lower Kuskokwim River before reaching the
Tuluksak River. These salmon then migrate up the Tuluksak River as far as 130 rkm to reach
spawning grounds. Salmon bound for the Tuluksak River are commercially harvested in the lower 218
rkm of the Kuskokwim River. The Kuskokwim River also supports one of Alaska’s most intense
subsistence salmon fisheries (Francisco et al. 1995). Subsistence fishing occurs in the Kuskokwim
River main stem and its tributaries, including the Tuluksak River. Salmon in the Tuluksak and other
rivers provide food for brown bears Ursus arctos and other camivores, raptors, and scavengers. In
addition, resident fish and salmon fry rely heavily on the nutrient base provided by salmon carcasses
(U.S. Fish and Wildlife Service 1992).

The Alaska National Interest Lands Conservation Act (ANILCA) mandates that, within the Refuge,
salmon populations and their habitats be conserved in their natural diversity. However, ANILCA
mandates may not be met, because reliable escapement data on lower Kuskokwim River tributary fish
stocks are missing. The Alaska Department of Fish and Game’s (Department) management objective
for chum, chinook, sockeye, and coho salmon in the Kuskokwim River is “to achieve desired
escapement objectives and allow for the orderly harvest of fish surplus to spawning requirements”
(Francisco et al. 1995). Escapement goals have not been established for sockeye and pink salmon
which are not actively managed in the Kuskokwim River. Commercial and subsistence catches of
these species are considered incidental by the Department. :

The Department changed from a harvest-guideline-based salmon management strategy to an
escapement-objective-based strategy in the Kuskokwim River during 1983. During 1985, restrictions
on the commercial chinook salmon fishery were initiated to reverse a decline in spawning escapements.
These restrictions included eliminating large mesh nets (>20.3 cm) that were selective toward female
chinook salmon and eliminating a directed commercial harvest for chinook salmon. Prior to these
restrictions, chinook salmon were targeted as the primary commercial species, and chum salmon were
exploited incidentally.

Commercial fishing periods that allowed the use of large mesh gill nets caught an average of 42.8%
female chinook salmon while commercial fishing periods that restricted the mesh size to < 15.2 cm
only caught an average of 29.0% female chinook salmon (Francisco et al. 1995). As a result of this
management action, an increased percentage of gill net marked females was noted at the Department’s
escapement monitoring project on the Kogrukluk River. This indicated females were escaping from
nets and reaching the spawning grounds (Francisco et al. 1995).
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The Department presently determines commercial openings by evaluating salmon abundance
indexes and monitoring selected escapements. Abundance indexes include one to three drift gill net
test fisheries and the use of commercial fishery catch statistics. These test fisheries are located in
the lower and middle stretches of the Kuskokwim River. Escapement monitoring occurs at two
fish-counting sonars and a weir (Francisco et al. 1995). One sonar is located in the lower
Kuskokwim main stem near Bethel, and the other is in the Aniak River, a major tributary to the
middle Kuskokwim River. The weir is located in the Kogrukluk River, a major tributary to the
upper Kuskokwim River.

Using an escapement-objective-based management strategy is complicated by the presence of
mixed stocks in the lower Kuskokwim River. Department managers try to avoid over-harvesting
species and stocks returning to each of 11 major and numerous minor tributaries to the Kuskokwim
River by distributing catch over time and area. Distribution of the catch over time is important,
because each stock may have characteristic migratory timing (Mundy 1982). However, stocks or
species returning in low numbers, or during the early or late portion of the runs, may be incidentally
over-harvested during extended harvesting of abundant stocks. Protection of smaller stocks, such
as those returning to the Tuluksak River, requires run timing and escapement information.

Escapements 'to lower Kuskokwim River tributaries on the Refuge have been monitored
sporadically between 1960 and 1994 using aerial index surveys. These surveys generally occur
when salmon abundance peaks on the spawning grounds (Schneiderhan 1983, 1988; Francisco et.
al. 1995). Recognizing a need for more precise monitoring, the Department established a fish-
counting sonar in the Kwethluk River during 1978 (Schneiderhan 1979). However, the sonar project
was abandoned after the first year due to inaccurate counts caused by organic debris in the water.

Aerial index surveys have been used to estimate relative abundances of salmon in the Tuluksak
River since 1965. An aerial index objective of 5,000 chum salmon and 400 chinook salmon has
been established using historical data (Francisco et al. 1995). Estimates have ranged from <100 to
>56,000 chum salmon and <20 to >1,000 chinook salmon (Appendix 1). Only two aerial index
surveys have been conducted for coho salmon.

Aerial index estimates are infrequently used for current-year management because they are:
(1) conducted when most of the salmon are on the spawning grounds, which is after most of the
commercial fishery occurs; (2) highly variable due to inconsistencies in run timing, water conditions,
climatic conditions, and surveyor experience; (3) generally an underestimate of actual abundance;
and (4) limited to an ‘index area’ which may represent only a fraction of the total spawning area.
Additionally, aerial index surveys do not provide age, sex, and size composition data used to detect
escapement quality and brood year production. :

Salmon escapements have been monitored using a weir in the Tuluksak River since 1991 (Harper
1995a, b, ¢). Weir escapements for chum salmon were at least five times greater than aerial index
surveys during 1991 and 1992. Weir escapements for chinook salmon were two and six times
greater than respective aerial index surveys during 1991 and 1992. Aerial index surveys were not
conducted for the Tuluksak River in 1993.

Salmon escapement monitoring projects in lower Kuskokwim River tributaries occurring on the
Refuge are ranked as priorities in the Refuge F ishery Management Plan by the U.S. Fish and



Wildlife Service (Service) and the Department (U.S. Fish and Wildlife Service 1992). In 1991, a
multi-year study was started by the Service to: (1) estimate daily salmon escapements in the
Tuluksak River; (2) quantify the salmon age, sex, and length composition; (3) estimate migration
time from the test or commercial fishery to the weir; (4) monitor gill net marks on salmon to
establish a baseline; (5) estimate optimal timing for aerial index surveys; and (6) count other species
passing through the weir.

Study Area

The Tuluksak River is in the lower Kuskokwim River drainage (Figures 1 and 2). The regions’
subarctic climate is characterized by extreme temperatures. Summer temperatures average a high
of 15°C, and average winter lows are near -12°C (Alt 1977). Average yearly precipitation is about
50 cm with the majority falling between June and October. Break-up of the Kuskokwim River
occurs in early May, and freeze-up occurs in late November.

The Tuluksak River originates in the Kilbuck Mountains, flows northwest approximately 137 km,
and drains an area of about 2,098 km?(Figure 2). The Tuluksak River is slow moving and meanders
over most of its length. Gravel bottoms and cut banks with overhanging vegetation predominate in
the upper sections of the river where water clarity is 1-2 m during low water. The lower section is
characterized by deep channels that are mud lined, and the water is turbid. In the lower section, the
river cuts through several tundra areas (Alt 1977). The Fog River is the only major tributary to the
Tuluksak River and enters the lower section. Gold dredging operations near the mining camp of
Nyac since the early 1900's have extensively changed the drainage above the refuge boundary
(Francisco and Sundberg 1983; Crayton 1990). Dredging activity is now confined to Bear Creek,
a tributary to the Tuluksak River above the Refuge boundary, but may be expanded.

Methods
Weir Operation

A resistance board weir (Tobin 1994) was installed at rkm 76 (60° 59' N 160 33 W) in the
Tuluksak River during June 1994 in the same location it was operated in 1991-1993 (Harper 1995a,
b, ¢). The weir spanned 48 meters of river, and the picket spacing was 3.5 cm. A staff gauge was
installed on the shore side of the bulkhead, and daily water levels were recorded at 0800 hours.
River discharges were estimated using the method described by Hamilton and Bergersen (1984) with
a Marsh-McBirney (Model 201-D) flow meter and top setting wading rod. Water temperatures were
recorded daily between 1600 and 1800 hours. During high water, flow measurements were taken
from a boat using a long, calibrated pole instead of the top setting wading rod.

The weir was operated from June 29 to September 11, 1994. All salmon were identified to species,
counted, and noted for gill net marks as they passed through the weir. On days when the weir was
submerged, salmon passage was estimated using the average percent passage for the corresponding
day from the three previous years. Estimates of coho salmon passage were obtained using average
proportions from daily counts during 1992 and 1993 (Harper 1995b, ¢). Data from all years was
plotted, and the 1991 coho salmon weir escapement was considered later than those in 1992 or 1993.
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The trap was usually opened at 0700 hours and closed at midnight or earlier depending on hours
of daylight. Maintenance to clean and check for holes was performed daily before 0900 hours.
Snorkeling was used to check weir integrity and substrate conditions. Cleaning consisted of walking
across each panel to submerge it partially and allow the current to wash accumulated debris
downstream. Algal growths were removed by scrubbing with long handled brooms. Spawned-out
salmon and dead fish (carcasses) washing up on the weir were identified to species, counted, and
passed downstream at 4-h intervals during routine cleaning operations.

Biological Data

Sample weeks started on Sunday and ended the following Saturday. A weekly quota of 160 chum,
140 chinook, and 110 coho salmon were sampled at the beginning of each week. Samples were
collected in as short a period (1-3 d) as possible to approximate a pulse or snapshot sample (Geiger
etal. 1990). All fish within the trap were sampled to prevent bias. A quota of 40 pink salmon was
set for the season. Once weekly quotas were obtained, the trap was opened, and fish were passed
until the next sampling period.

Fish sampling consisted of measuring length, determining sex, collecting scales, and then releasing
the fish upstreamof the weir. Each fish was also examined for gill net marks. Length was measured
to the nearest 5 mm from mid-eye to fork-of-caudal-fin for salmon. Sex was determined by
observing external characteristics. Scales were removed from the preferred area for age
determination (Koo 1962; Mosher 1968). One scale was taken from each chum, sockeye, and pink
salmon, and four scales were taken from each chinook and coho salmon. Scale impressions were
made on cellulose acetate cards using a heated scale press and examined with a microfiche reader.
Ages were then interpreted by a Department biologist and verified through comparison to
commercial catch samples. Ages for salmon were reported according to the European Method (Koo
1962) where numerals preceding the decimal denote freshwater annuli, and numerals following the
decimal refer to marine annuli. Total years of life at maturity is determined by adding one year to
the sum of the two digits on either side of the decimal of the European designation. Therefore, age
1.4 and 2.3 fish are both 6-year-old fish from the same brood year (1.4=1+4+1=6 and
2.3=243+1=6). This number is then subtracted from the year of capture to determine brood year.

Age and sex composition of the weekly escapement were expanded directly from age and sex
composition in the weekly sample using a stratified sampling design (Cochran 1977). Weekly
samples were pooled into a single stratum when sample sizes were insufficient. Proportions of each
strata and associated variances were calculated as:

. %
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Where;
a..= the number of fish sampled of a given age 7 during stratum #,

N,= the number of fish passing in stratum #;

P,;= the estimated proportion of the sample in stratum / of a given age / and sex j; and,

n,= the number of fish in sample for stratum A.

The proportion for the entire season was calculated as:

P=Iw B, 4)

Where:

# and N= The total number of fish going through the weir and the variance as;

Aa 2 A N
V)=2w, V(). ()

The age composition and associated variance for each stratum was calculated as:
Ay =NP s (6)

V(A,)=N VP, ). (™)

Stratum abundance estimates and their variances were summed to obtain age  and sex J composition
estimates for the season as follows:

A=Y, )

Vi)=Y Vd,); ©®)



where:

ffi = estimated number of fish at age /

Because lengths- (L) at-age changed during the season, and numbers of fish passing the weir
varied by sampling stratum, weighted mean lengths [ for the season were calculated. Average
lengths from each stratum for each age and sex were weighted by the number of fish passing during
that stratum.

(10)

Where: j= the given sex

Chi-square contingency table analysis was used to test for differences in age composition between
the sexes. Because the standard test only applies to data collected under simple random sampling,
adjustments were made to the test statistic, following Rao and Thomas (1989), to account for the
impact of a stratified sampling design on the results. The X ? statistic, hereafter referred to as X%3),

was divided by the mean generalized design effect, 3., as a first-order correction to the standard test
(Rao and Thomas 1989). Estimated design effects for the cells and marginals are presented in the
results.

Migration Rates

Test fishery information was collected by the Department and consists of daily catch per unit of
effort (CPUE). The CPUE is the number of fish captured per hour with a 180-m long net.
Cumulative passage at the Bethel test fishery was considered to be equal to the cumulative CPUE.
Cumulative proportion passage is equal to the sum of the daily percent passage to that day.

Migration rates from the Bethel test fishery to the Tuluksak River weir was estimated to the
nearest day for each species and divided by the distance between the weir and the Bethel test fishery.
T assumed that fish bound for the Tuluksak River were not temporally separated from other stocks
but equally represented in test fishery sampling. Migration rates were compared to tagging data
from the Kuskokwim River drainage (Francisco et al. 1993; Parker and Howard 1995) to estimate
the possible timing of the Tuluksak River fish through the Bethel test fishery.



Stream-Life

The amount of time each salmon species remains alive above the weir before washing
downstream (stream-life) was estimated. Stream-life was assumed to be the difference between the
median cumulative passage dates of upstream migration and downstream passage of carcasses.

Results
Weir Operation

Water levels during 1994 started out low during weir installation, and other than a brief high water
period in late June water levels remained low until late August when rains swelled the river to flood
stage. Starting on August 26, high water submerged the weir until September 1. The weir
submerged again on September 9 and 10 (Appendix 2). Fish passage was estimated for those days
the weir was submerged. Discharge was measured on June 26 at 53.19 m%'s, June 28 at 41.37 m’/s,
June 29 at 36.26 m*s and July 9 at 22.64 m¥s. The design limitations of weir panels with 19 pickets
was estimated at approximately 1 m*/s/panel based upon rough estimates of water flows when the
weir was submerged. During 1994, daytime temperatures averaged 12°C, (SD 4°C) between June
24 and September 14. The maximum temperature was 15°C on August 8 (Appendix 2).

Some damage occurred to the weir from the high water event in September. Several boats passed
the weir during the flooding, and propeller strikes broke several pickets on one weir panel. Ten
other panels had one to three pickets broken at the downstream end from vibrating in the high water
while submerged. Several pickets also separated from the two most downstream stringers on some
panels, because plastic fasteners broke.

Biological Data

A total of 15,724 chum, 2,917 chinook, 3,488 pink, 82 sockeye, and 7,953 coho salmon were
estimated to have passed the weir between June 29 and September 11, 1994 (Figure 3; Appendices
3,4, and 5). The number of salmon carcasses passed downstream over the weir were 4,286 chum,
432 chinook, 1,682 pink, five sockeye, and seven coho salmon (Appendix 6). Other species passing
the weir included 478 Dolly Varden Salvelinus malma, 272 whitefish Coregonus and Prosopium
spp., 110 Arctic grayling Thymallus arcticus, and nine northern pike Esox lucius (Appendices 3 and
11). Estimated passage during periods when the weir was submerged were 73 chum, five chinook,
two sockeye, 113 pink, and 3,143 coho salmon (Appendix 4).

Chum salmon.~—Chum salmon was the first salmon species counted and passed through the weir
on June 29, the first day the weir was operational. Peak weekly passage (N=5,610) was July 17-23
(Figure 3; Appendix 8). The median cumulative passage date at the weir was July 21 (Appendix 5).

Age, sex, and length data were collected from 851 chum salmon (Table 1, Appendix 8). Four age
classes were identified (0.2, 0.3, 0.4, and 0.5). The bulk of the chum salmon escapement were ages
0.3 (49.6%) and 0.4 (45.1%). Age 0.4 fish predominated during the first half of the season while



1,200

1,000 |
Chum Salmon
800 - N=15,724
i ; -
600 | Estimated
400 +
200 +
0 mlimew z

29 4 9 14 19 24 29 3 8 13 18 23 28 2 7

500
400 |
b 300 Chinook Salmon
-g_ N=2,917
= 200
Z
100
0 ‘ ‘
13 18 23 28 2 7
400 ¢
300 [ Pink Salmon
" N=3,488
. Estimated
200 -
100 [
0 >§ + ’ . . . ) ] a%f Az
29 4 9 14 19 24 29 3 8 13 18 23 28 2 7

July August September

Figure 3.-Daily escapement counts for the five species of salmon passing the
Tuluksak River weir from June 29 to September 11, 1994.

10




12

Sockeye Salmon
N=82

T

10

2*
L Ll |
8

ot -
_g 29-4 9 14 19 24 29 3 13 18 23 28 2 7
£
4 1,000

800 |- Coho Salmon

N=7,953
Estimated
600 |-

%
il é I

29 4 9 14 19 24 29 3 8 13 18 23 28 2 7

T

July August September

Figure 3.-(Continued).

11



age 0.3 fish predominated during the second half. Throughout the season, the proportion of age 0.4
fish steadily declined as the proportion of age 0.3 fish steadily increased.

Sex composition in the chum salmon escapement shifted from predominately males to females
after the week of July 5-11. Males were primarily age 0.4 while females were primarily age 0.3.

Age composition did not differ between the sexes (X*(8.)=2.32, df=2, P=0.31). As the season
progressed, mean length-at-age decreased for both sexes.

Gill net marks (N=84) were observed on 0.5% of the chum salmon passing the weir in 1994
(Appendix 3). Gill net marks were noted almost every day through the end of July.

TABLE 1.-Lengths-at-age for chum salmon sampled at the Tuluksak River weir, Alaska, 1994,

Mid-eye to fork length (mm)

Weighted
Age N Mean Range
) Male
0.2 2 543 525 - 560
03 180 567 475 - 655
0.4 206 561 490 - 665
0.5 22 584 525 - 655
Total 410
Female
0.2 12 501 465 - 540
0.3 246 530 430 - 605
0.4 168 558 485 - 625
0.5 15 561 515 - 590
Total 441

Chinook salmon—Chinook salmon passed the weir starting June 30, one day after the first chum
salmon. Peak weekly passage (N=1,029) was July 10-16 (Figure 3, Appendix 9). The median
passage date at the weir was July 13, only 13 days after chinook salmon first passed (Appendix 5).

Ten age classes were identified from 475 chinook salmon scale samples. Males occurred in nine
age classes, but females occurred primarily in the six oldest age classes (Table 2). Females
composed only 23.7% of the weir escapement (Appendix 9), and were primarily ages 1.4 (10.6%)
and 1.3 (8.5%). Males were primarily ages 1.2 (16.7%) and 1.3 (44.5%) (Appendix 8). Males were
predominate in all age classes except 1.4, 1.5, and 2.4 (Appendix 9). Age composition of chinook

salmon differed between the sexes (X*(5.)=100.76, df=3, P=0.001).
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TABLE 2.-Lengths-at-age for chinook salmon sampled at the Tuluksak River weir, Alaska, 1994.

Mid-eye to fork length (mm)

Weighted
Age N Mean Range
Male
0.2 1 535 N/A
1.1 8 415 340 - 535
1.2 80 567 440 - 920
1.3 198 704 495 -1010
14 34 826 560 -1045
2.1 2 467 460 - 480
2.2 6 574 515 -645
23 15 712 600 - 870
24 5 814 705 - 920
Total 349
Female
1.2 9 565 472 -785
1.3 47 777 605 -900
1.4 57 861 740 - 995
1.5 3 855 770 - 940
23 2 820 - 805 - 835
2.4 8 838 795 - 905
Total 126

The passage for June 29-July 9 was 825 with 172 females (20.9%). During the week of July 10-
16, 1,029 chinook salmon passed the weir of which only 152 were females (14.8%). Female
numbers rebounded during the week of July 17-23 when 782 chinook salmon passed the weir and
226 (28.9%) were females (Appendix 9). A total of only 691 female chinook salmon were estimated
in the weir escapement.

Gill net marks (N=173) were observed throughout the season on chinook salmon passing the weir
(Appendix 3). The number of gill net marks observed on sampled females (16.0%) differed from
the number observed on sampled males (5.9%) (X *=14.49, df=1, P=0.00014).

Pink salmon.—The first pink salmon passed the weir on June 29. Pink salmon were not seen
again until July-7 and continued te pass daily through September 11 (Figure 3). Peak passage
(NV=896) occurred the week of July 31-August 6. The median cumulative passage date was August
9, 33 days after the first pink salmon was passed.
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Thirty-four pink salmon were measured and sexed (Table 3). Lengths ranged from 360 to 495
mm. Females (N=15) averaged 417 mm, and males (N=19) averaged 442 mm. Only one pink
salmon passing the weir was observed with a gill net mark. Ages of three pink salmon were
classified as age 1.1 due to what appears as an annulus or fresh water check (Table 3).

TABLE 3.-Lengths-at-age for pink salmon sampled at the Tuluksak River weir, Alaska, 1994.

Mid-eye to fork length (mm)

Weighted
Age N Mean Range
Male
0.1 17 437 360 - 495
2 490 490 - 490
Total 19
. Female
14 415 370 - 460
1 495 -
Total 15

Sockeye salmon—Sockeye salmon passed the weir in small numbers from July 3 to September 10
(Figure 3). Peak passage (N=28) occurred the week of July 24-30. The median cumulative passage
date was August 2, 23 days after the first sockeye salmon passed upstream (Appendix 5).

Ages were determined from 18 sockeye salmon sampled at the weir. Females composed 83% of
the sample, and both sexes were represented in ages 1.2, 1.3, and 2.3 (Table 4). Gill net marks were
observed on only two sockeye salmon (2.0%) passing the weir.

Coho salmon.—Coho salmon passed the weir from July 26 to September 11, 1994 when the weir
was pulled. Counts of passage were made each day except the period of August 26-September 1 and
September 9 and 10, when the weir was submerged, and passage was estimated. Coho salmon were
still passing the weir at the daily rate of 103 fish on September 11, the last day before the weir was
removed. Peak passage occurred sometime between August 28 and September 2 when 5,382 were
estimated to have passed (Figure 3). The median cumulative passage date at the weir was estimated
to be August 27, 32 days after the first coho salmon was passed (Appendix 5).
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TABLE 4.-Lengths-at-age for sockeye salmon sampled at the Tuluksak River weir, Alaska, 1994.

Mid-eye to fork length (mm)

Weighted
Age N Mean Range
Male
1.2 2 445 480 - 610
2.3 1 435 -
Total 3
Female
1.2 3 497 410 - 550
1.3 10 522 490 - 550
2.3 2 528 515 - 540
Total 15

Age and sex composition in the weir escapements was estimated from weekly samples. Four age
classes were obtained from 331 coho salmon sampled during the season (Table 5). Coho salmon
were primarily ages 2.1 (85.4%) and 3.1 (12%) with representatives in age classes 1.1 and 0.3.
Females composed an estimated 38.0% of the escapement and made up less than 50% of the weekly
passage throughout the season (Appendix 10).

Gill net marks (N=274) were observed on 3.4% of the estimated coho salmon escapement
(Appendix 3).  Gill net marks on coho salmon were noted throughout the season.

Migration Rates

The distance between the Bethel test fishery and the weir is 168 rkm. The differences between the
median cumulative passage dates at the Bethel test fishery and the weir were 15 days for chum; 24
days for chinook; 16 days for coho; and 32 days for sockeye salmon (Appendices 6 and 7).
Estimated migration rates based on median cumulative passage dates at both sites are 11 km/d for
chum and coho; 7 km/d for chinook; and 5 km/d for sockeye salmon. Pink salmon data were not
plotted. The 25-75 and 10-90 percentile ranges for each salmon species to pass the weir during 1994
were 10 and 28 days for chum; 10 and 19 days for chinook; 18 and 40 days for sockeye; 12 and 36
days for pink; and 9 and 33 days for coho salmon.

Stream-Life

Chum salmon carcasses were first observed at the weir on July 2, followed by chinook on July 18;
pink on July 19; sockeye on July 28; and coho salmon on August 17.
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TABLE 5.-Lengths-at-age for coho salmon sampled at the Tuluksak River weir, Alaska, 1994.

Mid-eye to fork length (mm)

Weighted
Age N Mean Range
Male
1.1 8 522 355 - 590
2.1 171 501 395 - 655
3.1 23 538 375 - 625
Total 202
Female
0.3 1 598 -
2.1 - 110 501 365 - 620
3.1 18 592 530 - 615
Total 129

The median cumulative passage dates for salmon carcasses were July 28 for chum, August 7 for
chinook, and August 12 for pink salmon (Appendix 6). Only seven coho salmon carcasses were
passed downstream, and the median cumulative passage date was not estimated for this species.
Stream-life, estimated from cumulative upstream passage and downstream passage of carcasses, was
seven days for chum, 25 days for chinook, and 16 days for pink salmon (Appendices 5 and 6).

Discussion

Smaller fish may have passed undetected through the weir and the trap due to the picket spacing
of 3.5 cm. Some resident fish in the trap escaped between the pickets when attempts were made to
net them. Smaller pink salmon may also have passed between the pickets undetected, although none
were seen. Identification of whitefish to species required individual examination, therefore, most
were only classified as whitefish. Escapement data do not include salmon returning to the Fog River
or several small tributaries located downstream of the weir.

Biological Data
Chum salmon.—The 1994 chum salmon weir escapement (V=1 5,724) was the highest on record

and 13% larger than the next highest year, 1993, and 100% more than in 1991 (Appendix 4)(Harper
1995a, b, ¢). Several factors probably influenced this increase in Tuluksak River chum salmon
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during 1993 and 1994. First, during 1993, the commercial and subsistence fishery opportunities in
the lower Kuskokwim River were limited due to below-average Kuskokwim River test fishery
indicators and the lowest commercial catch per unit of effort recorded on that date (Francisco et al.
1994). Low catch and test fishery indicators were probably the result of a weak return to one or
several Kuskokwim River tributaries. For example, the Aniak River, with an escapement goal of
250,000, had an escapement of only 13,870 fish during 1993 (Francisco et al. 1994). This was a
major shortfall for that system and the Kuskokwim River commercial fishery. Second, the first
commercial opening during 1994 was June 24, and subsequent openings were postponed until July
14. The median cumulative passage date for chum salmon at the Tuluksak River weir was July 21
from 1991 to 1994 (Figure 4). The median cumulative passage date at the test fishery was around
July 6 in 1994. Therefore, most of the early portions of the return would have been past the
commercial fishery district in the lower Kuskokwim River when the fishery resumed. Third, a
strong return of 1989 and 1990 brood-year fish helped push the 1994 Tuluksak River escapement
to its highest count during the four years of weir operations.

Chum salmon age composition followed a yearly pattern of changing from predominately age 0.4
fish to age 0.3 fish later in the run with age 0.3 comprising the escapement majority (Harper 1995a,
b, c)(Figure 5).

Age composition in the Tuluksak River chum salmon escapement followed a yearly pattern of
changing from predominately age 0.4 fish to age 0.3 fish as the run progressed, with age 0.3 fish
predominating the overall escapement (Harper 1995a, b, c)(Figure 5). The sex composition also
followed a similar pattern with males predominating for the first half of the season followed by
females. Equal sex representation in the escapement always occurred within one week of peak weir
passage (Figure 3).

Higher proportions of gill-net-marked fish in the escapement followed the timing of commercial
harvests with the highest proportions observed when commercial harvests occurred in late June and
early July (Table 6). For example, in 1991, three commercial openings occurred prior to July 6, and
the percent marked was 4.7%. In 1994, only one opening occurred prior to July 14, and only 0.5%
of the fish passing the weir were observed to have gill net marks.

Between 1991 and 1994, the median cumulative passage date for carcasses occurred between July
28 and August 5 (Figure 4; Appendix 6). The number of carcasses washing up on the weir for those
years were 4,376; 3,801; 4,678; and 4,286, respectively.

Chinook salmon—The weir escapement of 2,917 chinook salmon in 1994 was larger than in 1993
(N=2,218), 1992 (N=1,083), and 1991 (N=691)(Harper 1995a, b, c). The median cumulative passage
date at the weir occurred around July 11 of each year and varied only three days between 1991 and
1994 (Figure 4). Cumulative passage at the Bethel test fishery varied by as much as eight days
during the same years.
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TABLE 6.-Comparative chum and chinook salmon catches in the commercial fishery by year in the
lower Kuskokwim River, 1991-1994 (Francisco et al. 1995).

Catch CPUE
Year Date Chum Chinook Chum Chinook
1991
June 20 13,266 13,813 3.68 3.83
June 24 30,632 12,612 8.29 3.41
July 01 50,121 5,966 13.28 1.58
July 06 40,060 2,102 11.34 0.59
July 13 52,552 904 15.34 0.26
July 18 78,798 452 23.12 0.13
July 22 49,788 15.28
July 25 30,083 7.06
Total 345,300 35,849
1992 June 18 ) 32,695 9,756 7.21 2.15
June 22 74,429 14,578 15.03 2.94
June 25 55,114 8,084 10.99 1.79
June 29 80,213 7,323 22.21 2.03
July 06 - 84,196 3,250 17.93 0.69
Total 326,647 43,891
1993  June 25 34,123 8,184 6.86 1.64
1994  June 24 87,214 14,221 18.93 3.09
July 14 43,585 578 21.97 0.29
July 19 60,104 441 20.03 0.15
July 23 38,149 12.57
July 26 22,460 6.78
Total 251,512 15,240

Four-year-old (ages 1.2 and 2.1) and 5-year-old (ages 2.2 and 1.3) fish were predominate among
males in the chinook salmon escapements during all years except 1991 (Figure 6). In 1991, 6-year-
old (ages 1.4, 2.3) fish from 1985 brood year predominated among males. Six-year-old fish were
predominate among females in all years except 1994 (Figure 6). During 1994, 5-year-old fish from
the 1989 brood year were predominate among females.
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Weir escapement data from 1992 to 1994 suggests the 1989 brood year was stronger than the
1990 brood year (Figure 6). This is evidenced by the strong contribution of 1989-brood-year fish
as 5-year-old males in 1994, 4-year-old males in 1993, and 3-year-old males in 1992. Potentially
poor 1990 brood year production may result in reduced returns of Tuluksak River chinook salmon
in 1996 as contributions from the 1989 brood year diminish.

Estimates of female chinook salmon in the weir escapement increased each year from 1991 to
1994 and were 160, 201, 307, and 695 fish, respectively (Harper 1995a, b, ¢). Female composition
in the 1991, 1992, and 1994 chinook salmon escapements was proportionally related. During 1994,
the chinook salmon escapement was 4.2 times greater than in 1991, and the number of females was
4.3 times greater. During 1992, the escapement was 1.5 times greater than in 1991, and the number
of females was 1.2 times greater. However, the 1993 escapement was 3.2 times greater than in 1991,
but the number of females was only 1.9 times greater. The disproportionate number of females in
the 1993 weir escapement can probably be attributed to a strong 1989 brood component of 4-year-
old males (Figure 6).

The proportion of female chinook salmon in the weir escapement has characteristically dipped
each year during the peak of the run (Figure 7). During 1991 and 1994, female proportions in the
escapement confinued to increase after peak passage occurred, but during 1992 and 1993, the
proportion of females increased only slightly, then began to decrease. Commercial fishery
restrictions in 1993, and the delayed timing of the commercial openings in 1994, reduced the number
of chinook salmon that were commercially harvested in those years (Table 6). The reduced
commercial harvest in 1993 did not appear to affect the percentage of females that started out low
and remained low for the year.

The number of female chinook salmon in the Tuluksak River weir escapement was proportionally
smaller than in the Kogrukluk River weir escapement. From 1991 to 1994, female composition in
the Tuluksak River chinook salmon escapement averaged only 20.3% and was 28.8,14.8, 13.9, and
23.7% for each year, respectively (Figure 7). During the same period, female composition in the
Kogrukluk River chinook salmon escapement averaged 33.2% and was 46.6,33.4,28.2, and 24.6%
for each year, respectively (Francisco et al. 1995). When female composition in the Tuluksak River
escapement dropped below 15% during 1992 and 1993, there were not corresponding decreases in
female composition on the Kogrukluk River.

The proportions of gill net marked females in the Tuluksak River chinook salmon escapements
were 8.6, 21.0, 12.8, and 16.0% for 1991 through 1994, respectively. These proportions were lower
than the Kogrukluk River weir escapements during all respective years except 1992 (Francisco et
al. 1995). The higher incidence of gill net marks on Tuluksak River fish during 1992 may have
resulted from more commercial openings prior to June 30 (Table 6) or a subsistence harvest that
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coincided with the run timing of Tuluksak River chinook salmon. Four commercial openings for
chum salmon occurred before June 30 in 1992, two in 1991, and one in both 1993 and 1994 (Table
6).

Tuluksak River chinook salmon are more susceptible to harvest in June than in July, because the
bulk of the run is in the lower Kuskokwim River during June (Figure 4). During mid to late June,
some chinook salmon that encounter smaller mesh nets in the commercial and subsistence fisheries
will be harvested, and some will escape and resume their migration. Other chinook salmon,
including the larger females, will be harvested in larger mesh nets used in the subsistence fishery.
Additional information needs to be gathered on the subsistence fishery, including mesh sizes used
and age and sex in the harvest.

The low percentage of female chinook salmon returning to the spawning grounds is of concern and
may be due to several factors. First, females return at older ages than males and consequently incur
additional years of ocean mortality (Hankin and Healy 1986). Second, as mentioned above, large
mesh gill nets are selective toward the larger-sized females. The percentage of females in the
commercial catch averaged 43% during years when unrestricted mesh sizes were allowed and 29%
when mesh size was restricted to <20 cm (Francisco et al. 1995). Therefore, the subsistence fishery
where mesh size'is unrestricted, may harvest a larger proportion of females than the commercial
fishery. A reduction in female chinook salmon to the Tuluksak River would be expected if intensive
commercial and subsistence fishing, and the use of large mesh nets in the subsistence fishery,
coincided with the run timing of this particular stock.

Escapement goals should take into consideration the sex ratios in the escapement and not simply
consider the overall abundance as a measure of success, because a low proportion of females may
have long term consequences. Waples (1990) suggests that a loss of genetic variability may occur
with reductions in population size. Because effective population size is dependent upon females in
the escapement, a reduction in females will lead to the elimination of some rare traits or low
frequency alleles. The loss of these alleles may compromise their survival and limit their ability to
respond to selection in future environments. Maintaining the genetic diversity that these populations
represent is important for the long term health of the collective populations and the use by future
fishers. :

From 1991 to 1994, the difference between the median cumulative passage dates for upstream
migrants and downstream carcass passage at the weir ranged from 21 to 25 days (Figure 4). During
all years, the median cumulative passage dates for carcasses occurred between August 2 and
August 8.

Pink salmon.—Kuskokwim River pink salmon have strong even-year runs (Francisco et al. 1992).
Since 1980, commercial catches in the Kuskokwim River have averaged 3,948 fish during even
years and 217 fish during odd years (Francisco et al. 1992). No escapement goals have been
established for pink salmon in the Kuskokwim River drainage. The 1994 weir escapement of 3,488
pink salmon was 33% larger than the 1992 weir escapement of 2,470 fish. During 1991 and 1993,
weir escapements were 392 and 210 pink salmon, respectively. The median cumulative passage
dates occurred between August 5 and 9, except during 1991, when it occurred earlier in July.
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Several age 1.1 fish were identified from the scale samples. This type of life cycle has been
observed in other pink salmon populations (Heard 1991). It is not known if the second age check
is salt water or freshwater in origin.

Sockeye salmon—The number of sockeye salmon passing the Tuluksak River weir was small with
less than 150 fish in all years between 1991-1994. The Holitna River, a tributary to the upper
Kuskokwim River, is the only system that has an escapement objective for sockeye salmon
(Francisco et al. 1992). The escapement objectives for that system are 2,000 fish at the Kogrukluk
River weir and an aerial index estimate of 1,000 fish below the weir (Burkey 1991; Francisco et al.
1992). Commercial sockeye salmon harvests from the Kuskokwim River have ranged from 27,003
to 105,420 between the years of 1991 and 1994. The lake habitat that typically supports large
numbers of juvenile sockeye salmon is not available in the Tuluksak River drainage, and actual
spawning and rearing locations have not been determined. Additional data, including genetic stock
identification, are needed from the Tuluksak River to determine population stability and fidelity to
the system. Because the sockeye salmon population is small in the Tuluksak River, over-fishing
could be detrimental to this stock.

From 1991 to 1994, the median cumulative passage dates occurred between July 21 and 27. Age
1.3 fish were predominate in the sample during all years. The number of females returning in 1994
(83.4%) was considerably higher than 1991 (33.3%), 1992 (56.8%), or 1993 (48.5%)(Harper 1995a,
b, ¢). However, the small number of fish sampled during all years may have resulted in inaccurate
composition data.

Coho salmon.—Run timing of coho salmon during the early part of the run during 1994 was
- similar to returns in 1992 and 1993, therefore, daily escapements from 1992-1993 were averaged
and used to estimate daily passage for coho salmon when the weir was submerged during 1994
(Figure 4). This method biased estimated portions of the 1994 escapement toward resembling run
timing during previous years. Because the 1994 flooding occurred during the normal run peak, a
large number of coho salmon may have cued to the rising water (Holtby et al. 1984) and passed
upstream before the weir was submerged. If fish passage peaked just prior to the weir being
submerged, then the estimated numbers of fish passing during the flood event would be an
overestimate. Alternatively, if fish passage increased during the flood event an underestimate would
occur. Because there was a serge in numbers just prior to the weir being submerged, the latter
probably occurred.

The estimated weir escapement of 7,953 coho salmon in 1994 was larger than in 1991 (N=4,565)
but smaller than in 1993 (N=8,328)(Harper 1995c). An estimated 40% of the weir escapement was
missed due to high water in 1994. By comparison, the estimated coho salmon escapement in the
Kogrukluk River was 34,695 fish in 1994 and 9,964 fish in 1991. Commercial harvests of coho
salmon in the lower Kuskokwim River were 477,726 fish in 1991; 631,592 fish in 1992; 586,330
fish in 1993; and 658,336 fish in 1994. If commercial catches of coho salmon in lower Kuskokwim
River can be an indicator of run strength in the Tuluksak River, then the estimated of escapement
during 1994 probably resembles the actual escapement.

The estimated proportion of female coho salmon in the weir escapement ranged from 52.5%

during 1991 to 38.0% during 1994. Additional sampling during the period the weir was submerged
may have revealed a change in the female proportion during 1994. However, the estimated sex
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composition for the 1994 weir escapement was similar to that in lower Kuskokwim River
commercial harvests where females composed 39.5% of coho salmon catch during 1994 (Francisco
et al. 1995).

Only age 1.1, 2.1, and 3.1 were consistently present in the coho salmon escapement each year.
Age 3.2 was observed only during 1993, and age 2.2 was observed during 1991 and 1993. Age2.1
fish were predominate in the sampled weir escapement during all years and females composed the
majority of this age class only during 1991 (Figure 8).

The median cumulative passage dates occurred between August 28 and September 5, with 1991
being the latest (Figure 4). Coho salmon were still passing the weir each year on the last day of
operation and probably continued to pass the weir site in small numbers until the end of September
or later. During 1991, when the weir was operated until September 15, only 132 coho salmon were
passed between September 5 and September 15 (Harper 1995a).

The decision to pull the weir each year was based on the daily escapement falling below 1% of
the cumulative passage.

The percentage of gill net marked coho salmon was lower in the 1994 weir escapement (3.4%)
than in previous years, because approximately 40% of the escapement was estimated rather than
visually counted. In comparison, gill net marks were observed on 9.4, 5.4, and 4.6% of the coho
salmon from 1991 to 1993, respectively.

Migration Rates

Migration rates of salmon passing through the commercial or a test fishery can play an important
role in management decisions. Management can spread the harvest across several fishing periods
to prevent the over-harvest of individual stocks. Based on median cumulative passage dates at the
Bethel test fishery and the Tuluksak River weir, estimated migration rates for salmon returning to
the Tuluksak River from 1991 to 1994 were 6.5-16.9 km/d for chum; 7.0-11.3 km/d for chinook;
5.1-9.9 km/d for sockeye; and 7.7-10.6 km/d for coho salmon. These migration rates assume that
the abundance of salmon bound for the Tuluksak River is normally distributed in the Bethel test
fishery.

Estimating migration rates from median cumulative passage data is probably unreliable due to
inconsistencies in run timing between monitoring locations and the assumption of similar timing.
From 1991 to 1994, the median cumulative passage date for chum salmon varied by only four days
at the Tuluksak River weir (Figure 4) but varied by as much as 10 days at the Bethel test fishery.
This variability was possibly a result of commercial harvests during the middle of the run, the
strength of early versus late runs or stocks, or the influence of water flows on run timing.

Tagging studies on chum, chinook, sockeye, and coho salmon are a better indicator of migration
rates. Faster migration rates have been documented from tagging studies in the Kuskokwim River
than from median cumulative passage dates at the Bethel test fishery and the Tuluksk River weir
(Table 7). Estimated travel time between the Bethel test fishery and the Tuluksak River weir would
be 9-10 days for chum and 12 days for chinook salmon if tagging data is used. If this migration rate
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TABLE 7.-Comparison of swimming speeds of tagged salmon on the Kuskokwim River and
estimates based upon median cumulative passage at the Bethel test fishery and the Tuluksak River
weir.

Migration Rate (km/d)
Date Kuskokwim River Tagging Location Chum  Chinook  Sockeye Coho
1961 Tuluksak? 19.6 18.5 12.3 15.6
1962 Tuluksak® 21.9 11.4 17.9 N/A
1963 Enarayak 11 km up-stream of Eek Island® 10.5 12.4 11.3 N/A
1989 Eek, Bethel test fishery, and Bethel vicinity® 13.5
1995 Upstream from Steamboat slough (N=297)° 22.0
1995 Upstream from Steamboat slough (N=5)¢ 17.5
1991- Migration rate based on median 6.5-16.9 7-11.3 5.1-9.9 7.7-10.6

1994 passage dates at both the Bethel test
fishery and the Tuluksak River weir

% Francisco et al. 1993
® Marino and Otis 1989
°Parker and Howard 1995

were representative, fishing periods after the peak in abundance of fish at the Bethel test fishery
would harvest a higher percentage of Tuluksak-River-bound chum and chinook salmon (Figures 9
and 10). Additionally, tagging information suggests that sockeye and coho salmon returning to the
Tuluksak River would also pass the Bethel test fishery after the peak in CPUE.

Stream-Life

Salmon stream-life can be used to determine when peak numbers of salmon are present on the
spawning grounds and used as a guide for timing aerial index surveys. Stream-life estimates based
on the difference between the median cumulative passage dates for chum and chinook salmon were
similar for all years (Figure 4). However, using this method to estimate stream-life may result in
a biased estimate. Nielson and Geen (1981), reports that residence time on redds varied throughout
the season. Salmon arriving early generally occupied a redd longer than late arrivals. Rising water
levels may also wash carcasses and spawned-out fish downstream faster than normal, or receding
water levels might slow carcass wash-out or strand them on river banks. Spawning also occurs at
varying distances above the weir, and carcasses may sink to the bottom before reaching the weir.
A tagging study would provide additional information on stream-life above the weir.
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Aerial index estimates must account for stream-life and run timing to provide useful data. Species
with a short stream-life and protracted escapements, such as chum salmon, should be surveyed more
than once, and the "Factor 5" or "Area Under the Curve" methods described by Cousins et al. (1982)
should be used to estimate total abundance. When 90% of the chum salmon had passed the weir,
over 60% of the carcasses had been passed downstream. Conversely, a large percentage of spawners
can be observed during a single survey for species, such as chinook salmon, that has a long stream-
life and relatively short run duration. During 1994, approximately 91% of the chinook salmon had
passed the weir by July 25, and only 1% of the carcasses had been passed downstream. Fewer
spawners were present for aerial index surveys after July 25 due to carcass wash-out. For example,
94% of the weir escapement, minus 25% of the carcasses, was available for enumeration when an
aerial index survey was conducted on July 29, 1994. Chinook salmon timing was relatively
consistent from 1991 to 1994 which suggests the optimal timing to conduct aerial index surveys for
chinook salmon in the Tuluksak River is the last week of July.

Escapement data from 1991-1994 suggest the optimal time to conduct aerial index surveys for
coho salmon is the first week of September. Seventy to 90% of the coho salmon had entered the
river by this date, and few carcasses were counted downstream during that time.

The lack of funding, adverse weather conditions, and poor observation conditions on the Tuluksak
River, made it impossible to conduct aerial index surveys for chum, chinook, and coho salmon in
some years. Therefore, better methods are needed for estimating escapement.

Recommendations
Based on the data in this report and personal observations, the following is recommended:

1. Weir operation or escapement monitoring projects should continue for at least one full life
cycle of chinook salmon because of the life history. This should be the minimal amount of
data used to determine if the low sex ratios for chinook salmon are cyclical. Low numbers
of female chinook salmon entering the river indicate a need for a monitoring program and
a change in regulations if females continue to return in low numbers. The development of
a biological escapement goal that accounts for sex composition should be a high priority for
the river.

2. Additional tagging studies in the lower Kuskokwim River are needed to gather information
on salmon migration timing. Additional data may refine estimates of temporal or spacial
separation of various stocks and estimate migration rates that are important in management
of chum salmon stocks.

3. Collect spawning and rearing habitat data to quantify the river’s carrying capacity, and
establish biological escapement goals for chinook, chum, and coho salmon.
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Appendix 8.- Estimated age and sex composition of weekly chum salmon passage and estimated design

effects used in computing first order correction chi square statistics from the Tuluksak River, 1994.

Brood Year and Age Class

1991 1980 1989 1988
0.2 0.3 0.4 0.5 Total
Stratum Dates:  June 29-July 2
Sampling Dates: June 29~July 2
Sample Size: 49
Female Percent of Sample 0.0 6.1 204 0.0 26.5
Number in Passage 0 3 11 0 14
Male Percent of Sample 0.0 16.3 49.0 8.2 735
Number in Passage 0 9 26 4 40
Total Percent of Sample 0.0 224 69.4 8.2 100.0
Number in Passage 0 12 37 4 54
Standard Error 0 3 4 2
Stratum Dates: July 3-8
Sampling Dates: July 3,45
Sample Size: 127
Female Percent of Sample 0.0 6.3 228 4.7 33.9
Number in Passage 0 77 280 58 415
Male Percent of Sample 0.0 11.8 49.6 4.7 66.1
Number in Passage [ 145 608 §8 810
Total Percent of Sample 0.0 1841 72.4 9.4 100.0
Number in Passage 0 222 887 1186 1,225
Standard Error 0 42 49 32
Stratum Dates: July 10-16
Sampling Dates: July 10-11
Sample Size: 133
Female Percent of Sample 0.0 12.8 24.8 3.8 414
Number in Passage 0 448 870 132 1,449
Male Percent of Sample 0.0 18.1 35.3 53 8.7
Number in Passage 0 633 1,239 184 2,056
Total Percent of Sample 0.0 30.8 60.2 9.0 100.0
Number in Passage 0 1,081 2,108 316 3,505
Standard Error 0 141 149 87
Stratum Dates: July 17-23
Sampling Dates: July 17-18
Sample Size: 142
Female Percent of Sample 0.0 23.2 24.7 2.8 50.7
Number in Passage 0 1,304 1,383 158 2,845
Maie Percent of Sample 0.0 26.1 21.1 241 49.3
Number in Passage 0 1,462 1,185 118 2,765
Total Percent of Sample 0.0 49.3 458 49 100.0
Number in Passage 0 2,766 2,568 276 5,610
Standard Error 0 236 235 102
-continued-
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Appendix 8.-(continued).

Brood Year and Age Class

1991 1990 1989 1988
0.2 0.3 0.4 0.5 Total
Stratum Dates:  July 24-30
Sampling Dates: July 24
Sample Size: 137
Female Percent of Sample 0.0 423 18.3 0.0 60.6
Number in Passage 0 1,492 643 0 2,136
Male Percent of Sample 0.0 26.3 124 0.7 39.4
Number in Passage 0 926 437 26 1,390
Total Percent of Sample 0.0 68.6 30.7 0.7 100.0
Number in Passage [} 2419 1,081 26 3,525
Standard Error 0 140 138 26
Stratum Dates: July 31 - August 6
Sampling Dates: July 31-August 2
Sample Size: 150
Female Percent of Sample 3.3 46.7 12.0 0.0 62.0
Number in Passage 41 574 147 0 762
Male Percent of Sample 1.3 27.3 8.7 0.7 38.0
Number in Passage 16 336 107 8 467
Total Percent of Sample 4.7 74.0 20.7 0.7 100.0
Number in Passage 57 910 254 8 1,229
Standard Error 21 44 41 8
Stratum Dates:  August 7 - September 11
Sampling Dates: August 7-10, 14-17, 21,457
Sample Size: 113
Female Percent of Sample 6.2 50.4 15.8 0.0 72.6
Number in Passage 36 291 92 ] 418
Male Percent of Sample 0.0 16.8 10.6 0.0 274
Number in Passage 0 97 61 0 158
Total Percent of Sample 6.2 67.3 26.5 0.0 100.0
Number in Passage 36 387 153 0 576
Standard Error 13 26 24 0
Stratum Dates: Season
Sampling Dates: 6/17-8/10
Sample Size: 851
Female Percent of Sample 0.5 26.6 21.8 22 51.1
Number in Passage 77 4,183 3,426 348 8,039
Estimated design effect 0.353 1.345 1.534 1.692 1.456
Male Percent of Sample 0.1 22,9 233 25 48.9
Number in Passage 16 3,607 3,663 398 7,685
Estimated design effect 0.440 1.520 1.394 1.461 1.456
Total Percent of Sample 0.6 49.6 451 4.7 100.0
Number in Passage 93 7,796 7,089 746 15,724
Standard Error 25 316 319 141
Estimated design effect 0.364 1.371 1.413 1.508
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Appendix 9.- Estimated age and sex composition of weekly chinook salmon passage and estimated design
effects used in computing first order correction chi square statistics from the Tuluksak River, 1994,

. Brood Year and Age Class
1991 1990 1989 1988 1987
11 1.2 24 1.3 2.2 14 23 15 24 Total

Stratum Dates: June 29- July 9

Sampling Dates June 30-July 7

Sample Size: 115

Female Percent of Sample 0.0 5.2 0.0 6.1 0.0 78 0.0 0.9 08 20.9
Number in Passage 0 43 0 50 [ 65 0 7 7 172

Maie Percent of Sample 0.9 104 0.0 54.8 0.0 52 5.2 0.0 26 791
Number in Passage 7 86 0 452 0 43 43 0 22 653

Total Percent of Sample 0.9 15.7 0.0 60.9 0.0 131 5.2 0.9 35 100.0
Number in Passage 7 129 0.0 502 0 108 43 7 29 825
Standard Error 7 28 [ 38 0 26 17 7 14

Stratum Dates: July 10-16

Sampling Dates 7/10 - 16

Sample Size: 135

Female Percent of Sample 0.0 0.0 0.0 44 0.0 74 0.0 0.0 3.0 14.8
Number in Passage 0 0 0 46 0 76 0 L] 30 152

Male Percent of Sample 0.0 20.0 0.7 48.9 15 8.9 3.7 0.0 1.5 85.2
Number in Passage 0 206 8 503 15 91 38 0 15 877

Total Percent of Sample 0.0 20.0 0.7 53.3 15 16.3 3.7 0.0 44 100.0
Number in Passage 0 206 8 549 15 168 38 0 30 1,028
Standard Error 0 36 8 0 11 33 17 0 18

Stratum Dates: July 17 -23

Sampling Dates 7/17 - 23

Sample Size: 142

Female Percent of Sample 0.0 14 0.0 12.0 0.0 134 0.0 0.7 14 28.9
Number in Passage [ 11 1] 94 0 105 0 5 11 226

Male Percent of Sample 14 18.0 0.7 35.9 28 8.2 21 0.0 0.0 711
Number in Passage 11 148 5 281 22 72 17 0 0 556

Totai Percent of Sample 1.4 204 0.7 47.9 28 225 21 0.7 14 100.0
Number in Passage 1 160 5 374 22 176 17 5 1 782
Standard Error 8 27 5 33 1" 28 S 5 8

Stratum Dates: July 24- Sept 11

Sampling Dates 7/24 - Sept 11

Sample Size: 88

Female Percent of Sample 0.0 1.2 0.0 20.7 0.0 23.2 24 1.2 1.2 50.0
Number in Passage 0 3 0 58 0 65 7 3 3 141

Male Percent of Sample 6.1 17.14 0.0 22.0 0.0 3.7 1.2 0.0 0.0 50.0
Number in Passage 17 48 0 62 0 10 3 0 0 141

Total Percent of Sample 6.1 18.3 0.0 427 0.0 26.8 3.7 1.2 12 100.0
Number in Passage 17 51 L] 120 0 75 10 3 3 281
Standard Error 7 12 ] 15 0 13 6 3 3

Stratum Dates: Season

Sampling Dates 6/30-8/18

Sample Size: 480

Female Percent of Sample 0.0 20 0.0 8.5 0.0 10.6 0.2 0.6 1.8 23.7
Number in Passage 0 58 ] 248 0 311 7 16 52 691
Estimated design effect  1.000 1.068 0.929 0.957 1.086 0.966

Male Percent of Sample 1.2 16.7 04 445 13 74 35 0.0 1.3 76.3
Number in Passage 35 488 13 1,298 37 216 101 0 37 2,226
Estimated design effect  0.770 1.056 1.052 1.105 1.208 0.966

Total Percent of Sample 1.2 18.7 04 53.0 13 18.1 3.7 0.6 3.0 100.0
Number in Passage 35 546 13 1,545 37 527 108 16 89 2,917
Standard Error 13 54 9 52 15 52 26 10 25 0
Estimated design effect  0.770 1.070 1.063 1.043 1.128
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Appendix 10.- Estimated age and sex composition of weekly coho salmon passage and estimated design

effects used in computing first order correction chi square statistics from the Tuluksak River, 1994.

Brood Year and Age Class

1991 1980 1989
1.1 2.1 3.1 Total
Stratum Dates: June 29-August 20
Sampling Dates: July 25-26,Aug1,2,8,10,14,17
Sample Size: 152
Female Percent of Sample 0.0 32.8 6.6 39.5
Number in Passage 0 439 88 527
Male Percent of Sampie 2.6 50.0 7.9 60.5
Number in Passage 35 668 105 808
Total Percent of Sample 26 82.9 145 100.0
Number in Passage 35 1107 194 1,335
Standard Error 17 41 38
Stratum Dates: August 21-September 3
Sampling Dates: August 21-22
Sample Size: 125
Female Percent of Sample 0.0 30.4 6.4 36.8
Number in Passage 0 1,636 344 1,981
Male Percent of Sample 3.2 53.6 6.4 63.2
Number in Passage 172 2,885 344 3,401
Total Percent of Sample 3.2 84.0 12.8 100.0
Number in Passage 172 4,521 689 5,382
Standard Error 85 177 161
Stratum Dates: September 4-11
Sampling Dates: September 4-7
Sample Size: 53
Female Percent of Sample 0.0 41.5 0.0 41.5
Number in Passage 0 513 [ 513
Male Percent of Sample 0.0 52.8 5.7 58.5
Number in Passage 0 653 70 723
Total Percent of Sample 0.0 94.3 57 100.0
Number in Passage v} 1,166 70 1,236
Standard Error 0 40 40
Stratum Dates: Season
Sampling Dates: 6/23-9/11
Sample Size: 330
Female Percent of Sample 0.0 325 54 38.0
Number in Passage 0 2,588 433 3,021
Estimated design effect 1.0000 1.4018 1.4888 1.4194
Male Percent of Sample 26 52.8 6.5 62.0
Number in Passage 207 4,205 520 4,832
Estimated design effect 1.56465 1.4272 1.3977 1.4194
Total Percent of Sample 26 85.4 12.0 100.0
Number in Passage 207 6,793 953 7,953
Standard Error 87 186 171
Estimated design effect 1.5465 1.4468 1.4360
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Appendix 11.-Passage of whitefish, Dolly Varden, northern pike and Arctic grayling
through the Tuluksak River weir, June 29-September 11, 1994,
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