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Abstract

The Kenai Fish and Wildlife Field Office, assisted by the Organized Village of
Kwethluk, monitored the escapement of five species of Pacific salmon
Oncorhynchus spp. returning to the Kwethluk River. From July 3 to September
12,2012, a resistance board weir was used to collect abundance, run-timing, age,
sex, and length data from returning adult salmon. In conjunction with the weir,
an underwater video system was affixed and used to collect abundance from
August 8 to September 9, 2012. These data support in-season and post-season
management of commercial and subsistence fisheries that occur on the Yukon
Delta National Wildlife Refuge and the Kuskokwim River drainage. High water
levels affected weir operations during the majority of the field season, resulting
in partial counts of 4,417 chum salmon O. keta, 945 Chinook salmon O.
tshawytscha, 250 sockeye salmon O. nerka, and 144 pink salmon O. gorbuscha,
and an estimated escapement of 20,895 coho salmon O. kisutch. The first
passage date for chum, Chinook and sockeye salmon was July 3, the first day of
operations. Pink salmon began passing through the weir on July 8, and coho
salmon began July 30. Peak weekly passage occurred from August 26 to
September 1 for coho salmon. Age, sex, and length data were collected for each
species except pink salmon. Dominant ages were 0.3 for chum, 1.3 for Chinook,
and 2.1 for coho salmon. Overall percentages for female salmon were chum
34%, Chinook 42%, and coho 52%. Mean lengths were dissimilar between male
and female salmon for each species. Special management actions were taken
during 2012 to conserve Chinook salmon in the Kuskokwim River drainage.

Introduction

The Kwethluk River, a lower Kuskokwim River tributary located on the Yukon Delta National
Wildlife Refuge (Refuge), provides important spawning and rearing habitat for chum salmon
Oncorhynchus keta, Chinook salmon O. tshawytscha, sockeye salmon O. nerka, pink salmon O.
gorbuscha, and coho salmon O. kisutch (Alt 1977; U.S. Fish and Wildlife Service 1992). Adult
salmon returning to the Kwethluk River migrate 130 river kilometers (rkm) through the lower
Kuskokwim River and an additional 160 rkm in the Kwethluk River before reaching spawning
grounds. These salmon pass through one of Alaska’s most intensive subsistence fisheries,
which is located in the lower Kuskokwim River (U.S. Fish and Wildlife Service 1988; Burkey et
al. 2001). In general, half of the total Chinook salmon statewide subsistence harvest occurs in
the Kuskokwim drainage (Alaska Department of Fish and Game 2001, 2002, 2003a, 2003b).

Under guidelines established in the Sustainable Salmon Fisheries Policy, 5 AAC 39.222, the
Alaska Board of Fisheries designated Kuskokwim River chum and Chinook salmon as stocks of
yield concern in September 2000 and managed the fishery under those guidelines through 2006
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(Bergstrom and Whitmore 2004; Linderman and Bue 2006). This designation was based upon
the inability, despite specific management measures, to maintain expected yields or to have a
stable surplus above the stock’s escapement needs. Beginning in January 2001, the salmon
fishery in the Kuskokwim River drainage was managed under the Kuskokwim River Salmon
Rebuilding Management Plan (Rebuilding Plan) (SAAC 07.365; Ward et al. 2003; Bergstrom
and Whitmore 2004). The stocks of concern designation was discontinued in 2007 after chum
and Chinook salmon escapements returned to levels above the historical average (Linderman
and Rearden 2007).

The Alaska Department of Fish and Game (Department), the U.S. Fish and Wildlife Service
(Service), and the Kuskokwim River Salmon Management Working Group (Working Group)
work together to achieve the goals of both the Rebuilding Plan and the Federal Subsistence
Fishery Management program. In addition to the goals set by the Department, the Service, and
the Working Group, the Alaska National Interest Lands Conservation Act (ANILCA) of 1980
established the Yukon Delta National Wildlife Refuge in Alaska for the general purposes to:
“conserve fish and wildlife populations and habitats in their natural diversity” (ANILCA § 303
(7) (B) (i)). Despite conservation measures taken under the Rebuilding Plan and by area
managers, Chinook salmon returns to the Kwethluk River have been below the lower bound of
the Sustainable Escapement Goal (SEG) since the stocks of concern designation was removed
(Miller et al. 2009, Miller and Harper 2010, 2011a, 2012a).

The broad geographic distribution of escapement monitoring projects in the Kuskokwim area
provides insight for sustainable salmon management. Recent tagging studies conducted on
chum, Chinook, sockeye, and coho salmon have all demonstrated differential stock-specific run
timing with the general pattern of salmon stocks from upper river tributaries entering the
Kuskokwim River earliest, while stocks from lower river tributaries enter progressively later
(Kerkvliet and Hamazaki 2003; Kerkvliet et al. 2003, 2004; Stuby 2004, 2005, 2006). The
temporal stock-specific run timings overlap and the difference between the mid-point of one
stock and another of the same species can be several weeks. Concurrent with this phenomenon
is the extensive subsistence fishery that harvests more heavily from early arriving salmon and
commercial fisheries that have historically focused on early, middle, or late segments of the
overall salmon run (Molyneaux and Brannian 2006; Molyneaux et al. 2010).

This mixture of different stock-specific run timings and uneven distribution of harvest produce
the possibility of significant differential exploitation rates between stocks. This situation
mandates that managers develop and maintain a rigorous monitoring program capable of
assessing escapement trends within the Kuskokwim River drainage. To manage for sustained
yields and conservation of individual salmon stocks, managers need data on escapement,
migratory timing, and sex and age composition.

A resistance board weir has been used to monitor salmon escapements on the Kwethluk River
from mid to late June through early September during 1992, 2000-2004 and 2006-2012. After
the 1992 season, the Organized Village of Kwethluk (OVK) opposed the weir, and it was not
operated 1993—1999. Since 2000, OVK and the Service have jointly cooperated in staffing and
operating the weir, which remains a high priority for the Department, OVK, and the Service.
Objectives of the project during 2012 were to: (1) enumerate adult salmon; (2) describe the run
timing for chum, Chinook, sockeye, pink, and coho salmon returns; (3) estimate the age, sex,
and length composition of adult chum, Chinook, sockeye, and coho salmon populations; and (4)
identify and count other fish species passing through the weir. These data support the in-season
and post-season management of the Kuskokwim River subsistence and commercial fisheries.
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This information also assists managers in establishing escapement goals to maintain the
sustainability of salmon stocks returning to the Kwethluk River.

The Kwethluk River weir is also important as a platform to collect additional information and
data for other research projects. Examples include: (1) genetic baseline collections; (2) the
collection of otoliths for microchemistry analysis used to determine the origin of stocks in a
mixed stock fishery, (3) monitoring for tagged fish in mark-recapture projects; ( 4) monitoring
the production of juvenile salmon in alluvial river floodplains (University of Montana); (5) a
long-term data set for evaluation of management projects (e.g., Bethel test fishery); (6) climate
change, Office Subsistence Management-Fisheries Resource Monitoring Program (OSM-
FRMP) project 08-701; and (7) the Salmonid Rivers Observatory Network (SaRON), a
multiyear project focused on pristine Pacific salmon rivers measuring processes and changes to
the shifting habitat mosaic of ecosystems (Available:
http://www.umt.edu/flbs/Research/SaRON.htm).

Study Area

The Kwethluk River is in the lower Kuskokwim River drainage (Figure 1). The region has a
sub-arctic climate characterized by extremes in temperature. Temperatures range from summer
highs near 15°C to average winter lows near -12°C (Alt 1977). Average yearly precipitation is
approximately 50 cm, with the majority falling between June and October. The rivers in this
area generally become ice-free in the slow current sections by early May and freeze up during
late November. Break up on the Kwethluk River can occur from early April to late May. The
Kwethluk River originates in the Kilbuck Mountains, flows northwest for approximately 222
rkm, and drains an area of about 3,367 km®. The weir is located in the middle section of the
Kwethluk River characterized by braiding and gravel substrates. The lower 47 rkm of the
Kwethluk River consists of a deeper, muddy-bottomed channel that averages 53 m in width (Alt
1977). Turbid water conditions, the result of active stream cutting on tundra banks, are also
characteristic of the lower section and are incompatible with weir operations.
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FIGURE 1.—Location of the Kwethluk River weir 2000-2008 and new weir site 2009-2012.
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Methods

Weir Operations

A resistance board weir (Tobin 1994; Stewart 2002; Harper et al. 2007) affixed with an
underwater video system was installed in the Kwethluk River (N 60.51828, W 161.09245, NAD
83) approximately 84 rkm upstream from the Kuskokwim River and 42 km south of Kwethluk,
Alaska, during 2012 (Figure 1). The current weir location is approximately 4.1 rkm
downstream from the 2008 weir site described by Miller et al. (2009). The weir was relocated
during 2009 due to channel morphology changes (Figure 1). During 2012 an underwater video
system was purchased and affixed to the weir with funding provided by OSM-FRMP project
FIS 12-309. A staff gauge was installed upstream of the weir site to measure daily water levels
and measurements were correlated to correspond with the average water depth across the river
channel at the upstream edge of the weir. Hobo® recording thermometers were installed at the
weir to collect water and ambient temperature data for this project (Appendix 1) and for OSM-
FRMP project FIS 08-701 addressing climate change. Temperature data and daily fish
escapement counts were relayed daily by radio or electronic mail to Service staff in Bethel and
from there to the Department in Bethel.

Setup and design of the underwater video system was similar to that used on the Kenai
Peninsula and the Tuluksak River (Gates et al. 2010; Miller and Harper 2011b, 2012b). One
passage panel and live trap affixed with an underwater video camera was installed to facilitate
fish sampling during various river stage heights and to allow for salmon passage and
enumeration 24 hours each day. The video camera was fastened inside a sealed box constructed
of 3.2-mm aluminum sheeting and filled with filtered water. Safety glass was installed on the
front of the video box for a scratch-free clear surface through which images were captured. The
frame of the video passage chute was constructed of aluminum angle and the chute was
enclosed in plywood to block exterior light. The backdrop of the video passage chute was
adjustable to minimize the number of fish passing through the chute at one time, and to push
fish closer to the camera during turbid water conditions. Using a pair of 12-V DC underwater
pond lights equipped with 10-W bulbs, artificial light was provided for the video camera, box,
and passage chute. Power to the pond lights and video camera were supplied by a solar panel
array and gasoline generator (alternate power), which charged four 400 Ah 6-V DC batteries
wired in a series-parallel circuit to supply 12-V DC power to the underwater equipment. A
separate solar array and generator back-up system along with a 1000-W inverter provided 110-V
AC power to the digital video recorder (DVR). During 2012, the application of a wind turbine
was also tested to charge the battery bank that supplied electrical power to the computers and
video equipment. Video images were recorded on an external hard drive using GeoVision®
video software. The DVR was equipped with motion detection to minimize blank video footage
and review time. Visual counts started at approximately 0600 hours every day and continued
until fading daylight reduced visibility (~2300 hours) while video counts were collected 24
hours each day, 7 days per week. Video and visual counts were compared. An object was
passed in front of the video camera periodically to confirm the video camera was operating
correctly. Migrating and resident fish were identified to species and recorded.

The weir was inspected for holes and cleaned daily except on days with flooding and safety
concerns. An observer outfitted with a mask and snorkel checked weir integrity and substrate
conditions. Debris was removed from the upstream surface of the weir by raking, or walking
across each panel until partially submerged, which allowed the current to wash accumulated
debris downstream.
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Biological Data

Weekly strata started on Sunday and continued through the following Saturday (Harper 1997).
Biological sampling occurred between Sunday and Thursday of each stratum in order to obtain a
collection that represented the age, sex, and length (ASL) characteristics of the return for each
stratum (Geiger et al. 1990: Linderman et al. 2002). Once the weekly sample was met for a
species, then sampling would stop for that species. Sampling did not typically extend past
Thursday of each week. Post-season analysis may include the combination of weekly strata to
ensure an adequate sample size was obtained.

Age, sex, and length data were collected from each salmon sampled. Salmon were caught using
the live trap attached to the passage chute. A fyke-gate installed on the entrance of the live trap
allowed fish to enter and, at the same time, minimized the number of fish exiting the trap
downstream. Sampling typically started when approximately 40 fish were in the trap. To avoid
potential bias caused by selection or capture of individual fish, all target species in the trap were
included in the sample. Four scales were extracted from Chinook, three from sockeye and coho,
and one from chum salmon for age analysis. All scales were taken from the preferred area using
methods described by Koo (1962) and Mosher (1968). Sex was determined by observing
external characteristics or visible sex products during video review and stratified ASL sampling,
and length measured to the nearest 5 mm from mid-eye to fork in the caudal fin. Females were
identified as having blunt-shaped heads, presence of an ovipositor (ASL sampling only), and a
round-shaped abdomen, whereas males generally exhibit a prolonged head accompanied with a
kype, a gradual dorsal hump, and a stream-lined abdomen. Data were recorded and transferred
to the Department in electronic format. Department staff processed and aged the scales in
Anchorage. All sampled fish were released upstream of the weir.

Salmon ages were reported according to the European Method (Koo 1962) where numerals
preceding the decimal denote freshwater annuli and numerals following the decimal denote
marine annuli. Total years of life at maturity are determined by adding one year to the sum of
the two digits on either side of the decimal; i.e., age 1.4 and 2.3 are both six-year-old fish from
the same brood year (1.4=1+4+1=6,and 2.3 =2+ 3 + 1 =6). The brood year is
determined by subtracting fish-age from the current year.

Characteristics of fish passing through the weir were estimated using standard stratified random
sample estimators (Cochran 1977). Within a given stratum m, the proportion of species i
passing the weir that are of sex j and age k (pjix») Was estimated as:

nijkm

ijkm ~ ——
/ n.
1++m
where n;.,, denotes the number of fish of species 7, sex j, and age k sampled during stratum m,
and a subscript of “+” represents summation overall possible values of the corresponding

variable, e.g., nj+,, denotes the total number of fish of species i sampled in stratum m. The
variance was estimated as:

p.. |1-p..
it +m p’ka( pl]km)

v(pljkm): - . n,
i++m i++m
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where N1+, denotes the total number of species 7 fish passing the weir in stratum m. The
estimated number of fish species i, sex j, age k passing the weir in stratum m (Njjxn) 1S

A A

ijkm - Ni ++m Pijkm

with estimated variance

N 2 o
V(Nijkm) B Ni++mv(pijkmj

Estimates of proportions for the entire period of weir operation were computed as weighted
sums of the stratum estimates, i.€.,

A Ni++m A
pl]k - Z(Nz+++)pykm

m

with estimated variance

. 2
v(pyk) ) ;[Ni+++ J v(pykmj

The total number of fish in a species, sex, and age category passing the weir during the entire
period of operation was estimated as:

N =2Nykm
m

with estimated variance

‘;(Ni/k ): Z ‘;(Ny‘km )

m

If the length of the ” fish of species i, sex j, and age k sampled in stratum m is denoted Xijkmr »
then the mean length of all such fish (u;,) was estimated as:

N 1
Hijpm =
n

ijkm

]Z Xijkomr

r

with corresponding variance estimator

Mity,) = |12 Z(x”""”"_[‘ o)
ijkm N

ijkm nijkm (nijkm - 1)
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The mean length of all fish of species 7, sex j, and age k (4, ) was estimated as a weighted sum

of the stratum means, i.c.,

. | N |
Hige = Z N ijkm
m ijk

An approximate estimator of the variance of /1, was obtained using the delta method (Seber
1982):

2

A A

. L, N, i N
‘;([‘ijk) - Z ‘;(N ijkm) 'uwfm —z v o |

ijkm A( - )
2 ~ v ﬂijkm
m Z N 3 o Z N
Z N x
x

X

Estimates of escapement were calculated when flooding or holes in the weir resulted in days
with partial or zero counts. During years when this occurs, estimates are based on the average
daily proportion of passage. An average of the daily proportions for previous years was
calculated because daily escapement can vary between years. The sum of the averaged daily
proportions, calculated for days with partial or zero counts, was the estimated total proportion of
the missed escapement. The total escapement was estimated as the sum of the observed counts
divided by one minus the proportion missed. Averages in the historical escapement figure were
generated using escapement estimates from prior years (Harper 1998; Harper and Watry 2001;
Roettiger et al. 2002, 2003, 2004, 2005; Miller et al. 2007, 2008, 2009; Miller and Harper 2010,
2011a, 2012a).

Results

Weir Operations

Water and ice conditions of the Kwethluk River were monitored beginning April 9, 2012. River
ice covered 100% of the channel at the weir site until May 3. A helicopter was used to transport
gear May 8—10, and five crew members to the weir site on May 12. The crew set-up a partial
camp, installed the weir panels, boat panels, passage chute and bulk heads May 12—-16, and
returned to Bethel on May 17. Water conditions were monitored May through June. Personnel
returned to the weir site on June 28 to complete installation of the weir. The trap was installed
on July 3 and the weir was operational from July 3 to September 12. Due to high water, the
crew was unable to complete the attachment of the underwater video system to the weir until
August 7. The video system was operational August 8—20 and September 1-9. The water stage
height at the weir receded to approximately 100 cm on September 13 and the crew started
dismantling the weir. Removal of the weir from the river was completed September 15.

Average water stage height at the weir during 2012 was 102 cm. High water hampered weir and
video operations, and ASL sampling during most of 2012, and exceeded the safe operating
threshold of 90 cm from July 3 to August 9 and September 4—13. The maximum water stage
height of 145 cm occurred on July 23 and the minimum water stage height of 73 cm occurred on
August 19 (Appendix 1). Water temperatures ranged from 14°C on July 9 and 29 to 4°C on
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September 2. Ambient temperatures ranged from 19°C on August 14 and 15 to 2°C on
September 10 (Appendix 1).

Fish counts from daily escapements of chum, Chinook, sockeye, pink and coho salmon were
compared using in-season visual counts at the weir (Visual/Trap), real time passage displayed
on the video monitor (Real Time/Monitor), and archived files recorded with motion detection
(Archive/Motion Detection). Six hours of fish counts for each salmon species collected on
August 8 using all three methods were compared (Table 1). In addition, 89 hours of fish counts
for each salmon species using Real Time/Monitor and Archive/Motion Detection collected
August 8—20 were compared (Table 1). Counts varied between the three methods and
Archive/Motion Detection provided the highest counts (Table 1).

TABLE 1.— Comparison of salmon counts through the Kwethluk River weir during August 2012 using
three methods (Visual/ Trap, Real Time/Monitor, and Archive/Motion Detection).

Method Hours Species Count
Comparison Date Sampled Chum Chinook Sockeye Pink Coho Total
Visual/Trap 8/8 6 39 4 0 0 70 113
Real Time/Monitor 8/8 6 37 5 0 0 64 106
Archive/Motion Detection 8/8 6 44 5 0 0 68 117
Real Time/Monitor 8/8 - 8/20 89 242 8 5 18 1,733 2,006
Archive/Motion Detection  8/8 - 8/20 89 246 8 5 22 1,768 2,049
Biological Data

High water conditions were experienced for 31 days of the season resulting in partial counts
using either visual or video methods for chum, Chinook, sockeye and pink salmon and 7 days
for coho salmon. The highest number of missed or partial counts occurred in July during the
peak of the return for chum, Chinook, sockeye and pink salmon (Figure 2; Appendix 2). The
estimated escapement total, peak weekly passage, and median cumulative passage dates were
not calculated for chum, Chinook, sockeye and pink salmon during 2012.

Chum Salmon —A partial count of 4,417 chum salmon was observed passing through the weir
from July 3 to September 12. The first chum salmon passed through the weir July 3 and the last
on September 11 (Figure 2; Appendix 2).

Four ages (0.2, 0.3, 0.4) were identified from a small collection of chum salmon ASL samples
(n=451). The predominant age was 0.3 for both male (66%) and female (74%) chum salmon
(Appendix 3). Females comprised 34% of the observed escapement and were more
predominant in mid-July (Figure 3; Appendix 3). With the exception of age-0.2, mean length of
males was larger than females for all ages (Appendix 4).

Chinook Salmon —A partial count of 945 Chinook salmon was observed passing through the
weir from July 3 to September 12. The first Chinook salmon passed through the weir July 3 and
the last was observed September 12 (Figure 2; Appendix 2).

Three ages (1.2, 1.3, and 1.4) were identified from a small collection of Chinook salmon ASL
samples (n = 86). The predominant age was 1.3 for both males (72%) and females (64%);
(Appendix 5).
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FIGURE 2.—Partial counts of chum, Chinook, sockeye, and pink salmon, and estimated weekly escapement
of coho salmon passing through the Kwethluk River weir, 2012. No estimated escapement was generated for
chum, Chinook and sockeye salmon due to high water and incomplete counts during a majority of the
return. Average weekly totals for chum, Chinook and sockeye salmon are for years 1992, 2000, 2002—-2004,
2006—2011; pink salmon odd years 2002, 2004, 2008 and 2010; and coho salmon years 1992, 2000—2004,
2006—2010. Totals with a superscript (*) indicate estimates are included.
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FIGURE 3.—Cumulative proportion and estimated percent female for chum and coho salmon returning to
the Kwethluk River during 2012. Percentage of females in returns for each species was estimated by weekly
stratum.

Ages 1.2 and 1.3 accounted for 92% of the male and ages 1.3 and 1.4 for 100% of the female
Chinook salmon counted. Females comprised 42% of the Chinook salmon observed
escapement (Appendix 5). The mean length of females from mid-eye to fork in the caudal fin
was greater than that of males for ages 1.3 and 1.4 (Appendix 6).

Sockeye Salmon —A partial count of 250 sockeye salmon was observed passing through the
weir from July 3 to September 12. The first sockeye salmon passed through the weir July 3 and
the last was observed September 12 (Figure 2; Appendix 2). The collection of scale samples (n
= 19) was too small to adequately describe the age and length-at-age of sockeye salmon during
2012.

Pink Salmon —A partial count of 250 pink salmon was observed passing through the weir from
July 3 to September 12. The first pink salmon passed through the weir July 8 and the last was
observed September 10 (Figure 2; Appendix 2).

Coho Salmon —A total of 19,960 coho salmon was counted passing through the weir from July
30 to September 12 (Figure 2; Appendix 2). An additional count of 935 coho salmon was
estimated to have passed September 6—9 for a total estimated coho salmon escapement of
20,895. Peak weekly upstream passage of 5,752 coho salmon occurred August 26 to September
1 (Figure 2) and the median cumulative passage occurred on August 26 (Appendix 2).
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Three ages (1.1, 2.1 and 3.1) were identified from a small collection of coho salmon ASL
samples (n = 543) (Appendix 7). Age-2.1 was the predominant age for both males (76%) and
females (77%). Females comprised 52% of the total escapement (Appendix 7) and the mean
length of females from mid-eye to fork in the caudal fin was larger or equal to that of males
(Appendix 8).

Other —Resident and other migrant species counted through the weir during 2012 consisted of 5
Dolly Varden Salvelinus malma, 6 Arctic grayling Thymallus arcticus, 6 rainbow trout
Oncorhynchus mykiss, and 348 whitefish Coregoninae spp. The staff was able to identify 265
whitefish to species once the video system was installed on August 8, resulting in counts of 24
broad whitefish Coregonus nasus, 218 humpback whitefish C. pidschian, and 23 round
whitefish Prosopium cylindraceum. Although smaller fish were able to pass freely through the
pickets, escapement through the passage chute was recorded the entire season and from August
8 to September 12 with video footage.

Otolith samples were collected from 109 Chinook salmon carcasses between August 8 and
September 1. Also, from September 3 to 12 there were 13 passive integrated transponder (PIT)
tags detected in adult coho salmon migrating past the weir. These returning adults were tagged
as juveniles in spring brooks and beaver ponds upstream of the Kwethluk River weir during
years 2010 and 2011 as part of the SaRON project.

Discussion

Weir Operations

Aerial surveys of the Kwethluk River are typically flown each season from late March through
April to determine when conditions are suitable for weir installation (Roettiger et al. 2004,
2005; Miller et al. 2007, 2008, 2009; Miller and Harper 2010, 2011a, 2012a). The river channel
at the site must be ice free and have a water stage height less than 90 cm for installation. Weir
installation during April or May usually avoids annual high water events which normally begin
in early to mid-May, and continue into July. This strategy of installing the weir prior to these
high water events, controlled by air temperature, snow pack, and rainfall, has proven successful
over time (Roettiger et al. 2004, 2005; Miller et al. 2007, 2008, 2009; Miller and Harper 2010,
2011a, 2012a). During 2012, the weir was operational from July 3 to September 12, although
above average rainfall during the summer resulted in high water conditions and incomplete or
no counts prior to July 3 and for 32 days between July 3 and September 12 (Appendix 2). Due
to the prolonged high water event during July 3 to August 2, it is estimated that greater than
50% of the chum, Chinook, sockeye and pink salmon were undocumented. Water levels began
receding August 3 and installation of the underwater video system was completed August 7.
During August 821 and from August 31 to September 9 the video system was operational and
used to enumerate the remaining salmon migration and evaluate the new GeoVision® software
and video system.

Comparison of fish counts using Real Time/Monitor and Archive/Motion Detection provided
useful information to validate the motion detection software (Table 1). The counts were
compared by reviewing the same time period using the captured video (archived) from the
DVR. During 2012, software and hardware problems resulted in incomplete recording of fish
counts August 21-31, September 4, and September 10—12. It was determined after the field
season that there was insufficient disk space to cache the temporary files needed to operate the
new software. During periods when the video system was inoperable, the crew followed visual
counting procedures and counted fish passing through the live trap. The visual counting method
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and session duration varied and was dependent on the number of fish passing the weir, water
stage height and safety concerns.

The high water events experienced during 2012 dislodged debris, which included trees and large
pieces of tundra, resulting in extra weir maintenance. After water levels receded crews spent
multiple days removing pieces of tundra, and debris before the weir panels would refloat, and
damaged panels could be repaired.

Water levels receded during early August but increased again starting September 4. On
September 13 the water stage height receded to 100 cm and the staff made the decision to stop
escapement counts and begin removing weir components from the river. The removal of the
weir was completed on September 15. Camp was dismantled and the crew returned to Bethel on
September 18.

Biological Data

Chum Salmon —A total escapement for chum salmon could not be estimated for 2012 due to the
31 days with partial or no counts. The partial count of 4,417 is well below the 11-year average
(1992, 2000, 2002—2004, 2006—2011) count and the estimated escapement totals (Figure 4).
There were 2,250 chum salmon counted July 3—9 before high water resulted in missed counts.

The ASL sample size (n = 451) was smaller than normal due to the number of sample days
missed during the peak of the escapement and may not accurately characterize the age, length-
at-age, and sex of the chum salmon escapement during 2012; however, it does provide useful
information. Females comprised 34% of the partial count, which was similar to 2011
escapement (36%), but was the lowest on record (Harper 1998; Harper and Watry 2001;
Roettiger et al. 2002, 2003, 2004, 2005; Miller et al. 2007, 2008, 2009; Miller and Harper 2010,
2011a, 2012a) (Appendices 3 and 11). Males return earlier than females (Harper and Watry
2001) and sampling bias may have resulted in the low estimate of female chum salmon.

Age-0.3 represented an estimated 69% of the partial count during 2012. The contribution of this
age class has ranged between 38% (2011) and 83% (2003) of the estimated escapements. The
percentage of age-0.3 chum salmon during 2012 was a significant increase over 2011 (Harper
1998; Harper and Watry 2001; Roettiger et al. 2002, 2003, 2004, 2005; Miller et al. 2007, 2008,
2009; Miller and Harper 2010, 2011a, 2012a).

Chinook Salmon —A total escapement for Chinook salmon could not be estimated for 2012 due
to the 31 days with partial or no counts. The partial count of 945 is well below the 11-year
average count and the estimated escapement totals of prior years (Figure 4). During July 3—9
there were 748 Chinook salmon counted passing through the weir. For the years with estimated
escapements (1992, 2000, 2002—2004, 2006—2011), approximately 46% of the Chinook salmon
escapement is counted by July 9, with an average count of 4,437 and a range from 405 to 15,962
fish. The lowest and highest counts of Chinook salmon by July 9 occurred during 2010 and
2004, respectively. The low count during 2010 coincides with the lowest escapement recorded
for the Kwethluk River (Figure 4). The low count by July 9 suggests that the 2012 escapement
was similar to the low escapement of Chinook salmon during 2010. The established SEG
(6,000—11,00) (Volk et al. 2009) for Kwethluk River Chinook salmon has not been met 4 of the
past 5 years (Miller et al. 2009; Miller and Harper 2010, 2011a, 2012a).
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Figure 4.—Estimated salmon escapements through the Kwethluk River weir, 1992, 2000-2004, 2006-2012.
Averages include only years with an estimated escapement and do not include the current year (Harper
1998; Harper and Watry 2001; Roettiger et al. 2002, 2003, 2004, 2005; Miller et al. 2007, 2008, 2009; Miller
and Harper 2010, 2011a, 2012a). Note: Y-axis ranges are different for each species.

13



Alaska Fisheries Data Series Number 2013—7, June 2013
U.S. Fish and Wildlife Service

The ASL sample size (n = 86) collected during 2012 was too small to adequately characterize
the Chinook salmon escapement; however, from the ASL samples collected the dominant age of
Chinook salmon was age-1.3 and represented 69% of the 2012 observed count. Ages 1.2
represented 12% and 1.4 represented 20% of the observed count (Appendix 5). This age
composition differed from prior years where age-1.3 ranged from 23% (2004 and 2006) to 44%
(2003 and 2010), age-1.2 from 14% (2009) to 56% (2004) and age-1.4 from 19% (2002) to 61%
(2009). The strong showing of age-1.3 does not necessarily follow previous trends of a strong
cohort passing through successive years (Van Alen 1999; Miller et al. 2008, 2009; Miller and
Harper 2011a, 2012a). The 2007 brood year (age-1.2) in 2011 comprised 28% of the estimated
escapement. During 2012 the 2007 brood year (age-1.3) represented 69% of the partial count;
however, what that percentage means with respect to the 2012 escapement of Chinook salmon is
unknown.

Female Chinook salmon comprised 42% of the partial count during 2012, which was similar to
the estimated escapement in 2010 (44%) and 2006 (40%), (Appendix 9). The increase of 10
percentage points for female Chinook salmon from 2011 (32%) may be the result of changes in
harvest, the small ASL sample size, and management strategies implemented during 2012
(Table 2). Observations by Harris and Harper (2010) on the Chinook salmon subsistence
harvest in the Native Community of Tuluksak indicate that some subsistence fishers from the
area have changed to smaller mesh nets (<15.2-cm stretch; 6 inches) that selectively harvest a
higher percentage of smaller fish, which includes the more prevalent males. The commercial
fishery is restricted to smaller mesh nets (<15.2-cm stretch). There has been no directed
Chinook salmon commercial fishery in recent years and the incidental harvest of Chinook
salmon during 2008 (n = 8,797), 2009 (n = 6,664), and 2010 (n = 2,731) was predominately
male (90%, 80%, and 75%, respectively) of the incidental harvest (Estensen et al. 2009; Brazil
et al. 2010; Molyneaux et al. 2010).

Chinook salmon management actions were taken by the Department during 2012 (Table 2)
based on a low projected return and in-season escapement data. The management strategy using
‘Rolling Closures’ was implemented to conserve Chinook salmon stocks and increase Chinook
salmon escapements in upper and lower Kuskokwim River tributaries. Closures occurred
systematically as the Chinook salmon population migrated up river. At the same time a
restriction on net mesh size of 10.2 cm (4 inches) or less was implemented to allow for a
subsistence harvest of whitefish and smaller salmon during the closures. The Kuskokwim River
was divided into five sections based on run timing and demographics, and closures and openings
were initiated as fish migrated (Figure 5).

The average subsistence harvest for Chinook salmon from 2000 to 2011 is approximately
84,000 fish (Hamazaki et al. 2012). During 2011, the Chinook salmon harvest was 58,836 fish
and well below the 11-year average (Elison et al. 2012). The preliminary subsistence harvest
for 2012 was estimated at 20,000 Chinook salmon (Department, unpublished data). The effects
of low returns, closures and other restrictions on the Chinook salmon subsistence harvest and
the conservation of Chinook salmon are being evaluated by managers.

Sockeye Salmon —A total escapement for sockeye salmon could not be estimated due to the 31
days with partial or no counts that occurred during 2012. The partial count of 250 sockeye
salmon is well below the 11-year average and estimated escapement totals (Figure 4). During
July 3-9 there were 198 sockeye salmon counted passing the weir. Approximately 50% of the
sockeye salmon escapement has been counted by July 9, with an average count of 1,911 and a
range from 115 to 4,651 fish (Harper 1998; Harper and Watry 2001; Roettiger et al. 2002, 2003,
2004, 2005; Miller et al. 2007, 2008, 2009; Miller and Harper 2010, 2011a, 2012a).
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TABLE 2.—Emergency Orders and News Releases taken by the Alaska Department of Fish and Game during

2012.

Effective Date

Emergency Order/ News Release

6/1-7/25 ADFG Emergency Order 3-KS-01-12, specific area/tributarie closures of sport fishing for Chinook salmon

6/13 -7/25 ADFG Emergency Order 3-KS-03-12, closed all waters of the mainstem Kuskokwim River to sport fishing for Chinook
salmon

6/22-7/25 ADFG Emergency Order 3-KS-04-12, order supersedes # 3-KS-01-12 and 3-KS-03-12 closing sport fishing for Chinook
salmon

6/1-7/25 ADFG Emergency Order 1, closed subsistence fishing to hook and line and restricted mesh to 4 inch or less and gill net
length to 60 feet or less in specific areas and tribs

6/10-6/16 ADFG Emergency Order 2, closed subsistence fishing to hook and line and restricted mesh size to 4 inch or less and length
of gill net to 60 feet or less, Lower Subdistrict 1-B (RCS 1)

6/13-6/19 ADFG Emergency Order 3, closed subsistence fishing to hook and line and restricted mesh size to 4 inch or less and length
of gill net to 60 feet or less, Upper Subdistrict 1-B (RCS 2)

6/17 - 6/23 ADFG Emergency Order 4, closed subsistence fishing to hook and line and restricted mesh size to 4 inch or less and length
of gill net to 60 feet or less, Tuluksak to Chuathbaluk (RCS 3)

6/17 - 6/21 ADFG Emergency Order 5, closed subsistence fishing to hook and line and restricted mesh size to 4 inch or less and length
of gill net to 60 feet or less, Lower Subdistrict 1-B (RCS 1)

6/20 - 6/24 ADFG Emergency Order 6, closed subsistence fishing to hook and line and restricted mesh size to 4 inch or less and length
of gill net to 60 feet or less, Upper Subdistrict 1-B to Tuluksak (RCS 2)

6/22 - 6/24 ADFG Emergency Order 7, opened the use of gillnets with 6-inch or less, Lower Section Subdistrict 1-B (RCS 1)

6/24 - 6/27 ADFG News Release #9, extention of opening for Lower Section Subdistrict 1-B (RCS 1)

6/28 - 7/14 ADFG News Release # 10, closed subsistence fishing, based on rolling closures and districts

6/30 - season end

7/7 - season end

7/15 - season end

7/23 - season end

7/23 - season end

ADFG News Release # 11, opened the subistence fishery to the use of 6 inch mesh or less as dictated by rolling closure
and districts (RCS 1-3)

ADFG News Release # 12, opened the subsistence fishery to use of 6 inch mesh or less as dictated by rolling closures and
districts (RCS 1-5)

ADFG News Release # 14, opened the subsistence fishery to unrestricted mesh size as dictated by rolling closures and
districts (RCS 1-5)

ADFG News Release # 17, opened the subsistence fishery to unrestricted mesh size as dictated by rolling closures and
districts (RCS 4-5)

ADFG News Release # 18, opened the subsistence fishery to the use of hook and line gear
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FIGURE 5.—Rolling closure boundaries starting with section one at the Kuskokwim River mouth and
moving upriver to section five which includes the Kuskokwim drainage headwaters, Alaska, 2012.
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The lowest observed escapement by July 9 of 115 sockeye salmon occurred in 2002 and the
highest of 2,689 sockeye salmon occurred during 2007. The ASL sample size (n = 19) was too
small to characterize the age, length-at-age, and sex percentages of the sockeye salmon
escapement during 2012.

Pink Salmon —The 144 pink salmon observed passing through the weir during 2012 may not
represent an index of abundance as in prior years due to high water conditions and 31 days of
partial or no counts. Since 2000 when wider picket spacing was implemented on the Kwethluk
River weir the counts of pink salmon provide only an index of abundance because many pink
salmon are small (<40 cm) enough to pass between pickets of the weir panels uncounted. The
even-year average count of 1,410 and the odd-year average count of 795 (Figure 4) are above
the current year count but may not be comparable. Pink salmon return to spawning grounds in
predictable and segregated even and odd numbered years (Scott and Crossman 1973). Age, sex,
and length data were not collected for pink salmon.

Coho Salmon —The coho salmon estimated escapement of 20,935 during 2012 was within the
historical range (19,473—-109,173), but below the estimated 10-year running average of 39,538
(Harper 1998; Harper and Watry 2001; Roettiger et al. 2002, 2003, 2004, 2005; Miller et al.
2007, 2008, 2009; Miller and Harper 2010, 2011a, 2012a). The estimated escapement for coho
salmon was above the establish SEG of greater than 19,000 (Volk et al. 2009) (Figure 4). The
median passage date for coho salmon occurred on August 26, one day earlier than the 10-year
average median passage date of August 27. This was five days later than the earliest of August
21 and three days earlier than the latest occurring on August 29 (Figure 6; Appendix 2). The
daily passage at the weir had dropped to less than 1% of the total run between September 11 and
12 indicating most of the coho salmon return had passed the weir.

Female coho salmon comprised 52% of the fish sampled (n = 543) during 2012. This was the
second highest recorded to date (Appendix 9), but within the range observed in previous years
(29-57%).

The dominant age of coho salmon sampled during 2012 was age-2.1 and represented 77% of the
coho salmon return (Appendix 5). This was the second lowest representation of this age group
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FIGURE 6.—The median cumulative passage for coho salmon at the Kwethluk River weir, 1992, 2000—
2004, and 2006-2012. The filled circles represent the median (50%) passage date and the vertical line below
and above the circle represent the second (25%) and third quartiles (75%), respectively.
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to date. Age-2.1 fish dominate the age structure across strata and range from 75% to 95% of the
total escapement during previous years (Harper 1998; Harper and Watry 2001; Roettiger et al.
2002, 2003, 2004, 2005; Miller et al. 2007, 2008, 2009; Miller and Harper 2010, 2011a, 2012a).
Coho salmon in Alaska typically spend two years in fresh water and one year in the marine
environment (Groot and Margolis 1991).

Other —The addition of the video system has proved effective in the enumeration of salmon,
specifically the migration of chum, Chinook, sockeye, and coho salmon during high water
events (Gates et al. 2010; Miller and Harper 2011b, 2012b, 2013). It has also proved useful for
count comparisons, speciation, sex composition, and comparing sex data across strata to small
ASL sample sizes (Miller and Harper 2011b, 2012b, 2013). Differences in counts (Table 2)
among the Visual/Trap, the Real Time/Monitor, and with the Archive/Motion Detection may be
the result of: (1) staff being distracted at the time counts were made, (2) fish passed through the
trap or across the monitor more rapidly than they could be speciated, counted, or both (3) errors
during transcription from hard to electronic data copies, (4) fish sampled for ASL subsequently
were not passed through the video passage chute, and (5) variation in the relative effectiveness
of real-time observations versus archived ‘freeze-frame’ imagery analysis by multiple observers.
In general, the Archive/Motion Detection method is expected to produce the most accurate and
unbiased counts, and to allow better detection and identification of other non-target fish passing
the weir similar to other video monitoring projects in Alaska (Anderson et al. 2004; Anderson
2005; Anderson et al. 2006; Miller and Harper 2011b, 2012b, 2013; Gates and Boersma 2013).

The otolith (bone structure in inner ear) samples collected from Chinook salmon carcasses (n =
109) during August 9—26 were for a study addressing the population structure of Kuskokwim
River Chinook salmon using microchemistry techniques. Rivers have an elemental and isotopic
composition (i.e., Strontium isotopes) similar to the surrounding watershed. As otoliths form
and grow in fish they permanently absorb these elements in a close ratio to that of the immediate
environment. Differences in isotopic composition of tributaries can be detected using multi-
collector inductively coupled mass spectrometer (MC-ICP-MS) analysis (Barnette-Johnson et
al. 2005). These differences may aid managers in identifying streams of natal origin, a certain
stock in a mix stock fishery at a specific time, and run-timing of specific stocks in the
Kuskokwim River Chinook salmon population.

At the request of the Refuge and the University of Montana-Flathead Lake Biological Station, a
feasibility study to identify adult coho salmon tagged as juvenile salmon returning to the
Kwethluk River was done in conjunction with weir and video operations. During 2010 and
2011, PIT tags (n = 6,953) were implanted in juvenile salmon as part of a study addressing the
ecology and production of juvenile salmon in alluvial river floodplains (Malison et al. in prep;
McPhee et al. 2009; http://www.umt.edu/flbs/Research/SaRON.htm). During 2012, a PIT tag
reader was affixed to the upstream end of the video passage chute and operated intermittently
September 3—12. Of those tagged juveniles 13 were detected passing the weir as adult coho
salmon during 2012. Four of the adult coho salmon were traced back to rearing as juveniles in
beaver ponds and three to spring brook areas upstream of the weir site (Figure 1) (R. Malison,
University of Montana, personal communication, 2013). The additional ASL, survival, and
growth data collected from these returning coho salmon may aid managers in better
understanding life history, ocean survival, and other aspects of the Kuskokwim River coho
salmon population.
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Recommendations

The Kwethluk River weir is important for monitoring Kuskokwim River salmon stocks that
originate on the Refuge. This weir and other escapement projects spread throughout the
Kuskokwim River drainage provide important information used by Federal and State fishery
managers. Annual operation of the weir should continue well into the future to gather a long-
term data set and seasonally should continue into September to monitor coho salmon
escapements and enhance our understanding of this species in the ecosystem. Installation of the
weir by mid-May has proven successful in beating the high run off and late spring flooding
events, though more costly due to ice and debris damage to panels and increased cost for
personnel and helicopter use. Staff has been able to operate a weir during the majority of
salmon escapement for 12 of the last 13 years (2000-2012) even with high spring flows,
channel changes, damage to weir components, scouring, and variable break up periods. We
believe that the river channel is more stable at the new site selected in 2009 and do not
anticipate having to move to another site in the years to come; also, continued operations benefit
other studies being conducted in the watershed.
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APPENDIX 1.—Water stage heights, ambient temperatures, and water temperatures taken daily at the Kwethluk River weir during 2012.
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APPENDIX 2.—Observed daily counts, cumulative counts, and cumulative proportions of chum, Chinook, sockeye and pink salmon, and the
estimated escapement, cumulative count and cumulative proportion of coho salmon passing through the Kwethluk River weir, Alaska, 2012. Shaded
areas represent high water events when partial or no counts were recorded. Daily and cumulative counts were estimated for coho salmon.

Chum Salmon Chinook Salmon Sockeye Salmon Pink Salmon Coho Salmon
Daily Cumulative Daily Cumulative Daily Cumulative Daily Cumulative Daily Cumulative
Date  Count Count Proportion Count Count Proportion Count Count Proportion Count Count Proportion Count Count Proportion
07/03 15 15 0.010 9 9 0.010 1 1 0.004 0 0 0.000 0 0 0.000
07/04 163 178 0.012 2 11 0.012 25 26 0.104 0 0 0.000 0 0 0.000
07/05 446 624 0.099 83 94 0.099 44 70 0.280 0 0 0.000 0 0 0.000
07/06 315 939 0.238 131 225 0.238 40 110 0.440 0 0 0.000 0 0 0.000
07/07 540 1,479 0.426 178 403 0.426 54 164 0.656 0 0 0.000 0 0 0.000
07/08 305 1,784 0.662 223 626 0.662 22 186 0.744 1 1 0.007 0 0 0.000
07/09 466 2,250 0.792 122 748 0.792 12 198 0.792 0 1 0.007 0 0 0.000
07/10 80 2,330 0.803 11 759 0.803 3 201 0.804 0 1 0.007 0 0 0.000
07/11 0 2,330 0.803 0 759 0.803 0 201 0.804 0 1 0.007 0 0 0.000
07/12 0 2,330 0.803 0 759 0.803 0 201 0.804 0 1 0.007 0 0 0.000
07/13 0 2,330 0.803 0 759 0.803 0 201 0.804 0 1 0.007 0 0 0.000
07/14 0 2,330 0.803 0 759 0.803 0 201 0.804 0 1 0.007 0 0 0.000
07/15 0 2,330 0.803 0 759 0.803 0 201 0.804 0 1 0.007 0 0 0.000
07/16 0 2,330 0.803 0 759 0.803 0 201 0.804 0 1 0.007 0 0 0.000
07/17 0 2,330 0.803 0 759 0.803 0 201 0.804 0 1 0.007 0 0 0.000
07/18 0 2,330 0.803 0 759 0.803 0 201 0.804 0 1 0.007 0 0 0.000
07/19 116 2,446 0.816 12 771 0.816 9 210 0.840 10 11 0.076 0 0 0.000
07/20 128 2,574 0.839 22 793 0.839 10 220 0.880 7 18 0.125 0 0 0.000
07/21 137 2,711 0.841 2 795 0.841 7 227 0.908 1 19 0.132 0 0 0.000
07/22 30 2,741 0.842 1 796 0.842 1 228 0.912 0 19 0.132 0 0 0.000
07/23 0 2,741 0.842 0 796 0.842 0 228 0.912 0 19 0.132 0 0 0.000
07/24 0 2,741 0.842 0 796 0.842 0 228 0.912 0 19 0.132 0 0 0.000
07/25 0 2,741 0.842 0 796 0.842 0 228 0.912 0 19 0.132 0 0 0.000
07/26 0 2,741 0.842 0 796 0.842 0 228 0.912 0 19 0.132 0 0 0.000
07/27 0 2,741 0.842 0 796 0.842 0 228 0.912 0 19 0.132 0 0 0.000
07/28 0 2,741 0.842 0 796 0.842 0 228 0.912 0 19 0.132 0 0 0.000
07/29 0 2,741 0.842 0 796 0.842 0 228 0.912 0 19 0.132 0 0 0.000
07/30 35 2,776 0.853 10 806 0.853 0 228 0.912 0 19 0.132 11 11 0.001
07/31 73 2,849 0.867 13 819 0.867 2 230 0.920 0 19 0.132 20 31 0.001
08/01 171 3,020 0.891 23 842 0.891 5 235 0.940 2 21 0.146 43 74 0.004
08/02 264 3,284 0.919 26 868 0.919 1 236 0.944 1 22 0.153 96 170 0.008
08/03 142 3,426 0.932 13 881 0.932 1 237 0.948 2 24 0.167 93 263 0.013
08/04 102 3,528 0.941 8 889 0.941 0 237 0.948 0 24 0.167 45 308 0.015
08/05 123 3,651 0.952 11 900 0.952 0 237 0.948 0 24 0.167 36 344 0.016
08/06 149 3,800 0.968 15 915 0.968 0 237 0.948 6 30 0.208 123 467 0.022
08/07 117 3,917 0.979 10 925 0.979 1 238 0.952 4 34 0.236 124 591 0.028
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Chum Salmon Chinook Salmon Sockeye Salmon Pink Salmon Coho Salmon
Daily Cumulative Daily Cumulative Daily Cumulative Daily Cumulative Daily Cumulative
Date  Count Count Proportion Count Count Proportion Count Count Proportion Count Count Proportion Count Count Proportion
08/08 105 4,022 0.985 6 931 0.985 1 239 0.956 0 34 0.236 140 731 0.035
08/09 67 4,089 0.987 2 933 0.987 1 240 0.960 5 39 0.271 148 879 0.042
08/10 70 4,159 0.987 0 933 0.987 1 241 0.964 6 45 0.313 144 1,023 0.049
08/11 47 4,206 0.989 2 935 0.989 0 241 0.964 8 53 0.368 177 1,200 0.057
08/12 48 4,254 0.989 0 935 0.989 0 241 0.964 11 64 0.444 351 1,551 0.074
08/13 44 4,298 0.989 0 935 0.989 0 241 0.964 13 77 0.535 475 2,026 0.097
08/14 34 4,332 0.989 0 935 0.989 0 241 0.964 9 86 0.597 283 2,309 0.111
08/15 12 4,344 0.989 0 935 0.989 2 243 0.972 6 92 0.639 274 2,583 0.124
08/16 21 4,365 0.989 0 935 0.989 1 244 0.976 10 102 0.708 305 2,888 0.138
08/17 11 4,376 0.989 0 935 0.989 0 244 0.976 5 107 0.743 451 3,339 0.160
08/18 11 4,387 0.992 2 937 0.992 3 247 0.988 2 109 0.757 699 4,038 0.193
08/19 14 4,401 0.993 1 938 0.993 1 248 0.992 4 113 0.785 891 4,929 0.236
08/20 2 4,403 0.994 1 939 0.994 0 248 0.992 2 115 0.799 220 5,149 0.246
08/21 2 4,405 0.994 0 939 0.994 0 248 0.992 0 115 0.799 181 5,330 0.255
08/22 0 4,405 0.994 0 939 0.994 0 248 0.992 1 116 0.806 349 5,679 0.272
08/23 1 4,406 0.994 0 939 0.994 0 248 0.992 0 116 0.806 1037 6,716 0.321
08/24 0 4,406 0.994 0 939 0.994 0 248 0.992 0 116 0.806 1011 7,727 0.370
08/25 0 4,406 0.994 0 939 0.994 0 248 0.992 0 116 0.806 1436 9,163 0.439
08/26 0 4,406 0.994 0 939 0.994 0 248 0.992 0 116 0.806 1447 10,610 | 0.508
08/27 0 4,406 0.996 2 941 0.996 0 248 0.992 0 116 0.806 733 11,343 | 0.543
08/28 0 4,406 0.996 0 941 0.996 0 248 0.992 0 116 0.806 572 11,915 0.570
08/29 0 4,406 0.996 0 941 0.996 0 248 0.992 0 116 0.806 932 12,847 | 0.615
08/30 0 4,406 0.996 0 941 0.996 0 248 0.992 0 116 0.806 834 13,681 | 0.655
08/31 0 4,406 0.998 2 943 0.998 0 248 0.992 2 118 0.819 574 14,255 0.682
09/01 0 4,406 0.998 0 943 0.998 0 248 0.992 0 118 0.819 660 14,915( 0.714
09/02 3 4,409 0.999 1 944 0.999 1 249 0.996 0 118 0.819 1062 15,977 | 0.765
09/03 3 4,412 0.999 0 944 0.999 0 249 0.996 4 122 0.847 1681 17,658  0.845
09/04 0 4,412 0.999 0 944 0.999 0 249 0.996 0 122 0.847 762 18,420 0.882
09/05 1 4,413 0.999 0 944 0.999 0 249 0.996 0 122 0.847 751 19,171  0.917
09/06 1 4,414 0.999 0 944 0.999 0 249 0.996 7 129 0.896 360 19,531 0.935
09/07 0 4,414 0.999 0 944 0.999 0 249 0.996 0 129 0.896 331 19,862  0.951
09/08 0 4,414 0.999 0 944 0.999 0 249 0.996 3 132 0.917 249 20,111  0.962
09/09 2 4,416 0.999 0 944 0.999 0 249 0.996 7 139 0.965 346 20,457 0.979
09/10 0 4,416 0.999 0 944 0.999 0 249 0.996 5 144 1.000 204 20,661  0.989
09/11 1 4,417 0.999 0 944 0.999 0 249 0.996 0 144 1.000 177 20,838  0.997
09/12 0 4,417 1.000 1 945 1.000 1 250 1.000 0 144 1.000 57 20,895 1.000
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APPENDIX 3.—Age and sex composition of chum salmon from weekly counts through the Kwethluk
River weir, Alaska, 2012.

Brood Year and Age Group

2009 2008 2007 2006
0.2 0.3 0.4 0.5 Total

Strata 1 — 2: 07/01 - 07/14

Sampling Dates: 07/04, 07/08, 07/09

Male: Number in Sample: 0 87 45 6 138
Estimated % of Escapement: 0.0 49.7 25.7 3.4 78.9
Estimated Escapement: 0 1,158 599 80 1,837
Standard Error: 0.0 84.9 74.2 30.9

Female: Number in Sample: 0 28 8 1 37
Estimated % of Escapement: 0.0 16.0 4.6 0.6 211
Estimated Escapement: 0 373 107 13 493
Standard Error: 0.0 62.3 35.5 12.8

Total: Number in Sample: 0 115 53 7 175
Estimated % of Escapement: 0.0 65.7 30.3 4.0 100.0
Estimated Escapement: 0 1,531 706 93 2,330
Standard Error: 0.0 80.6 78.1 33.3

Strata 3 — 4: 07/15—-07/28

Sampling Date: 07/19 — 07/22

Male: Number in Sample: 0 41 14 1 56
Estimated % of Escapement: 0.0 33.1 11.3 0.8 45.2
Estimated Escapement: 0 136 46 3 1862
Standard Error: 0.0 14.6 9.8 2.8

Female: Number in Sample: 0 52 13 3 68
Estimated % of Escapement: 0.0 41.9 10.5 2.4 54.8
Estimated Escapement: (0] 172 43 10 225
Standard Error: 0.0 15.3 9.5 4.8

Total: Number in Sample: 0 93 27 4 124
Estimated % of Escapement: 0.0 75.0 21.8 3.2 100.0
Estimated Escapement: 0 308 89 13 411
Standard Error: 0.0 13.4 12.8 5.5

Strata 5 — 11: 07/29 — 09/15

Sampling Dates: 07/30 — 08/01, 08/05, 08/06
08/09, 08/10, 08/14, 08/21

Male: Number in Sample: 1 59 19 4 83
Estimated % of Escapement: 0.7 38.8 12.5 2.6 54.6
Estimated Escapement: 11 651 210 44 916
Standard Error: 10.5 63.4 43.0 20.8

Female: Number in Sample: 3 50 15 1 69
Estimated % of Escapement: 2.0 32.9 9.9 0.7 454
Estimated Escapement: 33 551 165 11 760
Standard Error: 18.1 61.1 38.8 10.5

Total: Number in Sample: 4 109 34 5 152
Estimated % of Escapement: 2.6 71.7 22.4 3.3 100.0
Estimated Escapement: 44 1,202 375 55 1,676
Standard Error: 20.8 58.6 54.2 23.2

Strata 1 — 11: 07/01 — 09/15

Sampling Dates: 07/04 — 08/21

Male: Number in Sample: 1 187 78 11 277
% Males in Age Group: 0.4 66.2 29.1 4.3 100.0
Estimated % of Escapement: 0.2 44.0 19.4 2.9 66.5
Estimated Escapement: 11 1,945 855 127 2,9392
Standard Error: 10.5 107.0 86.4 37.4
Estimated Design Effects: 1.126 1.172 1.202 1.253 1.052

Female: Number in Sample: 3 130 36 5 174
% Females in Age Group: 22 74.1 21.3 2.3 100.0
Estimated % of Escapement: 0.7 24.8 71 0.8 33.5
Estimated Escapement: 33 1,096 315 34 1,478
Standard Error: 18.1 88.6 53.4 17.2
Estimated Design Effects: 1.117 1.067 1.095 0.992 1.052

Total: Number in Sample: 4 317 114 16 451
Estimated % of Escapement: 1.0 68.9 26.5 3.7 100.0
Estimated Escapement: 44 3,041 1,170 162 4,4172
Standard Error: 20.8 100.6 95.9 40.9
Estimated Design Effects: 1.112 1.190 1.191 1.199

? Rounding errors affect totals.
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APPENDIX 4.—Mean length (mm) from the mid-eye to fork in the caudal fin and age composition of
chum salmon from weekly counts through the Kwethluk River weir, Alaska, 2012.

Brood Year and Age Group

2009 2008 2007 2006
0.2 0.3 0.4 0.5
Strata 1 - 2: 07/01 - 07/14
Sampling Dates: 07/04, 07/08, 07/09
Male: Mean Length 885 606 607
Std. Error 3 5 7
Range 515-645 520-695 590 -630
Sample Size 0 87 45 6
Female: Mean Length 552 561 560
Std. Error 4 8
Range 505-590 535-590 -
Sample Size 0 28 8 1
Strata 3 — 4: 07/15-07/28
Sampling Date:  07/19 — 07/22
Male: Mean Length 577 574 585
Std. Error 5 10
Range 515-635 525-665 -
Sample Size 0 41 14 1
Female: Mean Length 551 575 573
Std. Error 4 8 3
Range 485-600 535-620 570-580
Sample Size 0 52 13 3
Strata 5 - 11: 07/29 — 09/15
Sampling Dates: 07/30 — 08/01, 08/05, 08/06,
08/09, 08/10, 08/14, 08/21
Male: Mean Length 485 564 579 576
Std. Error 4 6 20
Range - 490-625 520-615 520-605
Sample Size 1 59 19 4
Female: Mean Length 538 541 549 515
Std. Error 10 3 6
Range 520 -555 505-600 490-580 -
Sample Size 3 50 15 1
Strata 1 - 11: 07/01 - 09/15
Sampling Dates: 07/04 — 08/21
Male: Mean Length 485 576 594 594
Std. Error 2 4 9
Range — 490-645 520-695 520-630
Sample Size 1 187 78 11
Female: Mean Length 538 548 561 559
Std. Error 10 2 5 11
Range 520 -555 485-600 490-620 515-580
Sample Size 3 130 36 5
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APPENDIX 5.—Age and sex composition of Chinook salmon from weekly counts through the Kwethluk River weir, Alaska, 2012

Brood Year and Age Group

2008 2007 2006 2005 2004
1.2 1.3 2.2 1.4 2.3 1.5 1.6 Total
Strata 1 — 11: 07/01 — 09/15
Sampling Dates: 07/04, 07/08, 07/19 — 07/22, 07/30 — 08/01,
08/05, 08/06, 08/09, 08/20
Male: Number in Sample: 10 36 0 4 0 0 0 50
% Males in Age Group: 20.0 72.0 0.0 8.0 0.0 0.0 0.0 100.0
Estimated % of Escapement: 11.6 41.9 0.0 4.7 0.0 0.0 0.0 58.1
Estimated Escapement: 110 395 0 44 0 0 0 549
Standard Error: 31.3 48.2 0.0 20.6 0.0 0.0 0.0
Estimated Design Effects: 1.000 1.000 0.000 1.000 0.000 0.000 0.000 1.000
Female: Number in Sample: 0 23 0 13 0 0 0 36
% Females in Age Group: 0.0 63.9 0.0 36.1 0.0 0.0 0.0 100.0
Estimated % of Escapement: 0.0 26.7 0.0 15.1 0.0 0.0 0.0 41.9
Estimated Escapement: 0 253 0 143 0 0 0 396
Standard Error: 0.0 43.3 0.0 35.0 0.0 0.0 0.0
Estimated Design Effects: 0.000 1.000 0.000 1.000 0.000 0.000 0.000 1.000
Total: Number in Sample: 10 59 0 17 0 0 0 86
Estimated % of Escapement: 11.6 68.6 0.0 19.8 0.0 0.0 0.0 100.0
Estimated Escapement: 110 648 0 187 0 0 0 945
Standard Error: 31.3 45.4 0.0 38.9 0.0 0.0 0.0
Estimated Design Effects: 1.000 1.000 0.000 1.000 0.000 0.000 0.000

APPENDIX 6.—Mean length (mm) from the mid-eye to fork in the caudal fin and age composition of weekly Chinook salmon counts through the
Kwethluk River weir, Alaska, 2012.

Brood Year and Age Group

2008 2007 2006 2005 2004
1.2 1.3 2.2 1.4 2.3 1.5 1.6
Strata 1 — 11: 07/01 — 09/15
Sampling Dates: 07/04, 07/08, 07/19-07/22, 07/30-08/01,
08/05, 08/06, 08/09, 08/20
Male: Mean Length 560 714 800
Std. Error 18 9 42
Range 490 - 640 605 — 820 750 — 925
Sample Size 10 36 0 4 0 0 0
Female: Mean Length 810 849
Std. Error 7 11
Range 725 — 865 790 — 915

Sample Size 0 23 0 13 0 0 0
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APPENDIX 7.—Age and sex composition of weekly coho salmon escapements through the Kwethluk
River weir, Alaska, 2012.

Brood Year and Age Group

2009 2008 2007
1.1 2.1 3.1 Total

Strata5-7: 07/25 -08/18

Sampling Dates: 07/30 — 08/01, 08/05, 08/06, 08/09,
08/10, 08/14

Male: Number in Sample: 6 51 6 63
Estimated % of Escapement: 5.2 44.0 5.2 54.3
Estimated Escapement: 209 1,775 209 2,193
Standard Error: 82.2 184.2 82.2

Female: Number in Sample: 7 43 3 53
Estimated % of Escapement: 6.0 37.1 2.6 457
Estimated Escapement: 244 1,497 104 1,845
Standard Error: 88.4 179.2 58.9

Total: Number in Sample: 13 94 9 116
Estimated % of Escapement: 11.2 81.0 7.8 100.0
Estimated Escapement: 453 3,272 313 4,038
Standard Error: 117.1 145.5 99.3

Stratum 8: 08/19 — 08/25

Sampling Dates: 08/20 — 08/23

Female: Number in Sample: 18 63 1 82
Estimated % of Escapement: 10.7 375 0.6 48.8
Estimated Escapement: 549 1,922 31 2,502
Standard Error: 120.6 188.8 30.0

Male: Number in Sample: 14 72 0 86
Estimated % of Escapement: 8.3 42.9 0.0 51.2
Estimated Escapement: 427 2,196 0 2,623
Standard Error: 107.8 193.0 0.0

Total: Number in Sample: 32 135 1 168
Estimated % of Escapement: 19.0 80.4 0.6 100.0
Estimated Escapement: 976 4,118 31 5,125
Standard Error: 153.2 155.0 30.0

Stratum 9: 08/26 — 09/01

Sampling Dates: 08/27 — 08/31

Male: Number in Sample: 26 64 0 90
Estimated % of Escapement: 15.3 37.6 0.0 52.9
Estimated Escapement: 880 2,165 0 3,045
Standard Error: 156.9 211.2 0.0

Female: Number in Sample: 16 62 2 80
Estimated % of Escapement: 9.4 36.5 1.2 471
Estimated Escapement: 541 2,098 68 2,707
Standard Error: 127.3 209.8 47.0

Total: Number in Sample: 42 126 2 170
Estimated % of Escapement: 24.7 74.1 1.2 100.0
Estimated Escapement: 1,421 4,263 68 5,752
Standard Error: 188.0 190.9 47.0
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APPENDIX 7.—(Page 2 of 2)

Brood Year and Age Group

2009 2008 2007
1.1 2.1 3.1 Total

Strata 10 —11:  09/02 — 09/15

Sampling Dates: 09/04, 09/05

Male: Number in Sample: 7 26 1 34
Estimated % of Escapement: 7.9 29.2 1.1 38.2
Estimated Escapement: 470 1,747 67 2,284
Standard Error: 170.3 287.7 66.7

Female: Number in Sample: 13 40 2 55
Estimated % of Escapement: 14.6 44.9 2.2 61.8
Estimated Escapement: 874 2,688 134 3,696
Standard Error: 223.5 314.7 93.8

Total: Number in Sample: 20 66 3 89
Estimated % of Escapement: 22.5 74.2 3.4 100.0
Estimated Escapement: 1,344 4,435 201 5,980
Standard Error: 264.1 277.0 114.2

Strata 5 — 11: 07/29 — 09/15

Sampling Dates: 07/30 — 09/05

Male: Number in Sample: 57 204 8 269
% Males in Age Group: 21.0 75.9 3.1 100.0
Estimated % of Escapement: 10.1 36.4 1.5 48.0
Estimated Escapement: 2,108 7,609 307 10,024
Standard Error: 273.7 443.8 110.0
Estimated Design Effects: 1.051 1.082 1.065 1.090

Female: Number in Sample: 50 217 7 274
% Females in Age Group: 19.2 78.0 2.8 100.0
Estimated % of Escapement: 10.0 40.6 1.5 52.0
Estimated Escapement: 2,086 8,479 306 10,871
Standard Error: 292.5 460.9 120.3
Estimated Design Effects 1.208 1.120 1.269 1.090

Total: Number in Sample: 107 421 15 543
Estimated % of Escapement: 20.1 77.0 2.9 100.0
Estimated Escapement: 4,194 16,088 613 20,895
Standard Error: 377.2 397.9 161.3
Estimated Design Effects: 1.127 1.136 1.159

* Estimates included in total.
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APPENDIX 8.—Mean length (mm) from the mid-eye to fork in the caudal fin and age

composition of weekly coho salmon escapements through the Kwethluk River weir, Alaska,

2012.
Brood Year and Age Group
2009 2008 2007
1.1 2.1 3.1
Strata 5-7: 07/25 -08/18
Sampling Dates: 07/30 — 08/01, 08/05, 08/06, 08/09,
08/10, 08/14
Male: Mean Length 519 534 549
Std. Error 6 4 12
Range 500 — 545 475-655 525-605
Sample Size 6 51 6
Female: Mean Length 521 534 558
Std. Error 11 4 12
Range 485 -555 480-590 535-570
Sample Size 7 43 3
Stratum 8: 08/19 — 08/25
Sampling Dates: 08/20 — 08/23
Male: Mean Length 541 535 485
Std. Error 8 5
Range 470-590 460 -620 -
Sample Size 18 63 1
Female: Mean Length 531 544
Std. Error 7 3
Range 470 - 590 485 -590
Sample Size 14 72 0
Stratum 9: 08/26 — 09/01
Sampling Dates: 08/27 — 08/31
Male: Mean Length 535 548
Std. Error 7 5
Range 475-600 435-625
Sample Size 26 64 0
Female: Mean Length 546 557 533
Std. Error 7 4 8
Range 485-590 490-620 525-540
Sample Size 16 62 2
Strata 10— 11:  09/02 - 09/15
Sampling Dates: 09/04, 09/05
Male: Mean Length 531 549 515
Std. Error 14 8
Range 490 -580 485-620 -
Sample Size 7 26 1
Female: Mean Length 534 552 565
Std. Error 8 6 5
Range 465-661 435-640 515-610
Sample Size 13 40 2
Strata 5 — 11: 7/29 — 09/15
Sampling Dates: 7/30 — 09/05
Male: Mean Length 535 540 537
Std. Error 4 3 12
Range 470-600 435-625 485-605
Sample Size 57 204 8
Female: Mean Length 535 548 553
Std. Error 4 2 7
Range 455-590 480-635 525-570
Sample Size 50 217 7
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APPENDIX 9.—Median cumulative passage dates and percent females for chum, Chinook, sockeye, pink
and coho salmon at the Kwethluk River weir during 1992, 2000-2004, 2006-2011 (Harper 1998; Harper
and Watry 2001; Roettiger et al. 2002, 2003, 2004, 2005; Miller et al. 2007, 2008, 2009; Miller and Harper

2010,2011a, 2012a).
Chum Chinook Sockeye Pink Coho

Percent Percent Percent Percent Percent
Year Date Female Date Female Date Female Date Female Date Female
1992 07/182 54 07/09% 25 07/05 60 08/13 - 08/26 43
2000 07/162 50 07/132 21 07/012 49 08/04 - 08/212 45
2001 - - - - - - - - 08/25 51
2002 07/172 47 07/10° 22 07/112 60 07/25 — 08/28 45
2003 07/22 44 07/11 19 07/07 55 08/01 — 08/29 51
2004 07/14° 43 07/08? 17 07/012 48 08/06 — 08/29 43
2006 07/15 41 07/12 40 07/10 43 07/22 — 08/19° 37
2007 07/21 45 07/13 26 07/09 49 07/26 — 08/21 38
2008 07/222 42 07/172 39 07/09% 65 08/04 - 08/24 57
2009 07/22 48 07/12 51 07/10 65 07/27 - 08/29 51
2010 07/19% 41 07/172 44 07/10° 49 07/23 - - 29°
2011 07/20° 36 07/14* 32 07/07* 57 07/30 — - 48
2012 — 34 — 4° — - — - 08260 52

2 Median cumulative passage dates were calculated using estimates for days missed.
P Percent calculated on early portion of the escapement and partial count.
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