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ABSTRACT

Operation of the Kogrukluk River weir in 1998 was hampered by high water in the beginning of
thc scason. The weir was operational on the evening of 6 July. On the morning of 8 July, rising
\\'atcr caused the weir to be removed. Water levels did not recede enough to allow reinstallation
until the evening of 17 July. Operation continued thereafter until removal for the season on 19
Scptcmber. The weir was operational for 64 of 75 days between 6 July and 19 September. The
combination of late weir installation and high water resulted in incomplete run coverage for
chinook, chum and sockeye salmon. Based on historical run timing information it is estimated
that fish actually counted represent 25% of the chinook salmon run, 32% of the chum salmon,
and 36% of sockeye salmon runs. The weir was returned to operational status in time to
adcquately monitor coho escapement. The actual counts by species were 3,009 chinook salmon,
5,321 sockeye salmon, and 13,014 chum salmon. The run midpoints and age composition of
these species were not estimated due to incomplete seasonal coverage. Estimated escapements
gcncrated using historical run timing tables by species were 12,107 chinook salmon (75%
estimatcd), 16,773 sockeye salmon (68% estimated), and 36,441 (64% estimated) chum salmon.
Thc cstimated escapement of coho salmon was 24,348 (7% estimated). This estimate is 97% of
thc Biological Escapement Goal (BEG) for coho salmon. The midpoint of the run occurred on 3
Scptcmbcr, four days later than normal. Age-sex-Iength (ASL) data were collected from 455
coho salmon.

Thc weir became operational on 5 July in 1999, and remained operational until 18 September,
except for a span of21 consecutive hours on 5 and 6 August. The weir was operational for 74 of
75 days bctween 5 July and 18 September. Estimated escapements by species are: 5,570 chinook
salmon, 13,820 chum salmon, 5,864 sockeye salmon, and 12,609 coho salmon. Run coverage
lor all species except coho salmon was fairly complete. The final 20% of the coho salmon run
\\'as estimated based on run timing models. All species exhibited late run timing, with the
midpoint occurring on 20 July for chinook salmon, on 18 July for chum salmon, 18 July for
sockcye salmon, and 9 September for coho salmon. Chinook and sockeye salmon run midpoints
\\'crc the latest on record. ASL data were collected fTom 305 chinook, 737 chum, and 343 coho
salmon.
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INTRODUCTION

Thc Holitna River is the largest salmon-producing tributary of the Kuskokwim River. Recorded
cvidence of salmon escapements in the Holitna have been documented since 1961 (Schneiderhan
1983, Burkey 1994), when the earliest aerial survey of the Holitna River was conducted. The
importancc of the Holitna River as a salmon producer and the necessity to more closely monitor
salmon cscapement motivated the Alaska Department of Fish and Game (ADF&G) to establish a
wcir on the Kogrukluk River in 1976 (Baxter, 1976) (Figure I).

Chinook Oncorhynchus tshawytscha, chum 0. keta, sockeye 0. nerka, coho 0. kisutch, and pink
salmon 0. gorbuscha spawn in the Kogrukluk River. KogrukJuk River salmon escapements are a
rclativcly small percentage of the overall escapement in the Kuskokwim River drainage. Because
stocks are widely dispersed and the monitoring program is limited, it is believed that numbers of
chinook, sockeye, chum and coho salmon that pass the Kogrukluk River weir are relatively large
compared to escapements in most other systems within the Kuskokwim River drainage (Burkey et
aI. 1999).

A unique feature of the KogrukJuk River weir is that it is currently the only site in the Kuskokwim
Rivcr drainage with a history of enumerating sockeye salmon. Typical sockeye salmon rearing
habitat, i.e. large volume lakes, is absent from the Kogrukluk River drainage, although there are
somc small headwater lakes with an unknown capacity for sockeye salmon production. Sockeye
salmon have been observed spawning in the mainstem and in backwaters and sloughs. Sockeye
salmon have been documented in several tributaries in the Kuskokwim Basin (Burkey and
Salomone, 1999) but little is known about these populations. The rearing ecology of these "river­
type" sockeye salmon is unknown; apparently they have adapted well to a lotic environment. The
contribution of river-type sockeye salmon in the Kuskokwim drainage should not be overlooked.
Wood et al. (1987) found that river-type sockeye contributed 39-48% to the total retum of sockeye
salmon to the Stikine River in 1984 and 1985.

Thc relative abundance of pink salmon is unknown in the Kogrukluk River because they are able to
swim between the weir pickets, but the annual nun1bers observed are usually very low. Considering
that thc Kogrukluk River weir is approximately 750 km from the mouth of the Kuskokwim River,
thesc pink salmon are among the furthest-inland spawning pink salmon in the world (Mon'ow
1980; Groot and Margolis 1991).

Subsistence and commercial fishers who live along the Kuskokwim River place major cultural and
c:conomic imp0l1ance on harvests of salmon. Commercial fisheries occur in two non-contiguous
districts in the Kuskokwim River stretching from the river mouth to Chuathbaluk. The IO-year
average (1988-1997) commercial harvest for both districts combined is approximately 31,000
chinook, 64,000 sockeye, 451,000 chum, and 545,000 coho salmon (Burkey et al. 1999). The
1988-1997 average subsistence harvest of chinook, sockeye, chum, and coho salmon in the
Kuskokwim River is approximately 83,000, 40,000, 93,000 and 43,000 respectively (Burkey et al.
1999).



In the early 1980s, commercial fisheries management began to shift from a strategy emphasizing
guidcline-harvest-Ievel to an escapement based strategy. ADF&G established species-specific
escapement objectives for streams that had sufficient historical information (Buklis 1993). In most
cascs, thcse objectives, later termed biological escapement goals (BEG's), represent simple
averages or medians of historical information. The underlying principle in establishing BEG's was
that maintenance of average or above average spawning escapement should provide for sustained
yield consistent with historical levels. Although commercial fishery harvests usually occur before
many escapements can be fully assessed, postseason escapement assessments are useful for
evaluating the effectiveness of fishery management plans and inseason management decisions.

In 1983, BEG's for the Kogrukluk River weir were established for chinook (10,000), chum
(10,000), sockeye (2,000), and coho salmon (20,000). In 1984, BEG's were increased to 30,000 for
ehum salmon, and 25,000 for coho salmon. The Kogmkluk River weir is the only project in the
Kuskokwim River drainage with a BEG for coho sa11110n.

Study Site

The Kogrukluk River is fonned by surface runoff from the north side of the plateau that divides the
Tikchik Lakes and Nushagak River drainages fTom the Kuskokwim River drainage. From a point
about five miles from Nishlik Lake, the uppermost lake of the Tikchiks, the Kogrukluk River flows
northerly for about 69 kill before it joins the Chukowan River about 1.5 km above the site of
Kashegelok village (Figure 1). The Kogrukluk River weir is located about 3 km upstrean1 from the
Chukowan confluence and 1 kIn below the confluence of Shotgun Creek.

Project History

The Kogl'llkluk River weir is the oldest continuing salmon escapement assessment project in the
Kuskokwim area, and has been operated under a number of different names by various project
leaders. Salmon escapement was originally enumerated by means of a counting tower fTom 1969 to
1()l8. The tower was originally located about 2 kIn above the confluence of Shotgun Creek. Due to
annual changes in the river chaIUlel, the tower was moved in some years to different locations, but
remained above the confluence of Shotgun Creek. Initial installation of a weir was attempted in
1971, but it was destroyed by high water early in the season. Tower (and weir) operation in this
section of the Kogmkluk River was hindered by log jams and shifting channels. The presence of a
suitable weir site below the confluence of Shotgun Creek resulted in the replacement of the tower
by a weir between 1976 and 1978. Because the weir was located below the confluence of Shotgun
Creek, thc tower and weir were operated concurrently from 1976 to 1978 to compare escapement
estimates between projects. Only the 1978 operations provided an acceptable set of data from each
project. In 1978, the tower counts ofchinook, chum, and sockeye salmon were 56%, 37% and 47%,
respectively, of the weir counts (Baxter 1979). Beginning in 1981, the weir operational period was
extended to include coho salmon.

OBJECTIVES

rhe objectives of the Kogrukluk River weir project are to:
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I. Enumerate the daily and total arulUa] spawning escapement of chinook, chum, sockeye, and
coho salmon, by sex.

2. Estimate the age, sex and length (ASL) composition of the chinook, chum and coho salmon
escapements such that simultaneous 95% interval estimates of the age composition will have
a maximwn width of 0.20.

3. Monitor the carcass wash-out rate and timing by species.

4. Monitor variability in stream hydrological and meteorological conditions to provide
infomlation relating to potential environmental effects on salmon production and tinting.

5. In 1999, conduct a mark and recapture study on chwns in an attempt to develop an altemate
method for estimating escapement for periods when the weir is not operational due to high
water.

METHODS

Weir Operatioll

The weir consists of pickets made of 2 cm black iron pipe held in position by two angle-iron
stringcrs (Figure 2). Each stringer is 3 m in length and perforated to receive about 45 pickets. The
stringers are overlapped and braced by "A" shaped steel pipe support pods at each 3 m juncture to
span the 70 m wide river. The triangular "A" pods are constJ1Jcted of 3.8 cm black iron pipe
(schedule 80) and Kee KlampsTM/I. The trap is constructed of pickets and stringers to dimensions of
1.8 m wide, 3 m long, and 1.2 m deep. It has a funnel shaped entrance and is placed just upstream
of an opening in the weir. Other details of weir constTIlction may be found in fgllatti Weir
('olls/ruc/ioll Manual (Baxter 1981).

Salmoll COllllts

Betwecn 0730 and 2400 hours, salmon are enumerated periodically from an observation position
either from a boardwalk on the weir or on top of the trap. If fish are not needed for ASL sampling,
four or five pickets are pulled out of the weir to allow salmon to pass. Generally, salmon are
allowed to pass 4 to 8 times a day, with the frequency depending on fish behavior and nll1

magnitude. The weir and trap are normally closed from 2400 to 0730 hours because few salmon
migrate upstream during this time. When ASL samples are needed, salmon are sampled from the
trap and allowed to proceed upstream. Seven data categories are tallied on different counters.
Categories are: male chinook, jack chinook, female chinook, male chum, female chum, male
sockeye, female sockeye, male coho, female coho. Salmon carcasses that wash down the river and
arc stopped by the weir are cowlted by species during daily weir cleaning.

I Mention of brand or product names does not constitute an endorsement by Alaska Department
or' Fish and Game.
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Escapemellt Estimatioll / Migratioll- Timillg Database

Every year the Kogrukluk River weir has experienced one or more periods o[ ineffective
operational periods due to high water levels or lack o[ funds. Schneiderhan (1989) used an
expansion method for estimating daily counts and, hence, total escapement. After the 1988 field
season, he subjectively expanded the historical salmon counts to the historic earliest and latest
operational dates to produce a run-timing database with as many years represented as possible. The
criteria [or accepting a given year [or inclusion into the database was that more than 50% o[ the
estimates had to be derived from actual counts. The run-timing database then consisted of nine
years of data [or chinook, sockeye, and chum salmon (1976,1978,1979,1981,1982,1984,1985,
I()86, and 1988) and eight years of data for coho salmon (1981-1988). For each species, the salmon
migrations in each year were characterized as early, normal, or late depending on the relationship of
each years' mean passage to the mean date of all years combined. Early-, normal- and late-run
modcls were used in subsequent years to estimate missing or partial daily counts and total
escapement (Appendix A). Since 1988, the migration-timing database has been updated annually
and consists of daily and daily cunllliative proportions of actual and estimated weir counts of each
specics for all years with "adequate" operational duration (Appendix B). Ln 1999 the acceptable
criteria was changed. Only years where actual counts comprised more than 80% of the total
estimated escapement were included in the database that is used to estimate escapement for days
when the weir is not operational.

In 1991, the methodology for establishing run-timing models was altered. For each salmon species
mentioned above, the historical daily proportions (from actual and estimated counts) were ranked
across years. Run-timing models were then based on the 25th (late-run model), 50th (nonnal-run
model), and 75th (early-run model) percentiles of the ranked daily proportions. Tllis modeling
method attempts to incorporate both the relative timing of the nlidpoint of the run and the rate at
which the run develops (i.e., number of days between quartiles).

Before an appropriate model was chosen, the normal model was used to estimate missing daily
counts. The sum of the model daily proportions, for days with actual counts during the current
season, was assumed to be the proportion o[ the total escapement that was actually counted.
Estimates of missing counts were then calculated by multiplying the actual cumulative count by the
ratio of the daily model proportion to the total proportion assumed to be actually counted. The final
step was a subjective choice of the model. The model chosen was based on a visual "best-fit" of the
actual data. This was accomplished by comparing nlidpoints of the normal model and the
reconstructed run, and, to a lesser extent, by comparing the daily estimates to actual counts on days
hefore and after. If the midpoint of the reconstructed run was closer to the midpoint of either the
early or late model, then the estimates were again calculated with the appropriate model. No
attempt was made to partition the estimated daily counts by sex.

In 19<)9, the method chosen to estimate missing daily counts was slightly dilTerent due to the
lateness of the migration for all species. The method was to off set the late nm timing curve by the
same number of days as separated the midpoints, then match up the late curve for that species.
Whatever days the weir was not operational were then estimated using the appropriate proportions.
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For coho this method resulted in estimates that were clearly not tracking with the actual data. As a
rcsult, coho estimates were derived by using the 1983 run daily proportions because of similarity to
thc 1999 run timing. The resulting estimates tracked the actual data reasonably well.

Age, Se.x; alld Lellgtll

Bcginning in 1992, the age, sex and length (ASL) sampling plan was altered to a "pulse" sampling
dcsign described by Molyneaux and Dubois (1996). The goal of pulse sampling is to collect
samples from each temporal stratum in as short a time as possible and from as many strata as
possible. A minimum of 3 strata are established for each species. Sample size goals for each time
stratum are 210 chinook, 200 chum, and 170 coho salmon. Sockeye salmon are not sampled. These
sample sizes are sufficient to construct simultaneous 95% interval estimates of the age composition
having a maximum width of 0.20 using the methods of Bromaghin (1993). The recommended
sample sizes are increased to account for the typical proportion of scale samples that are unusable.
Within each stratum, a single species is sampled until the objective is achieved, after which another
spccies is sampled.

ASL infonnation is collected from salmon that are caught in the trap. Length is measured from mid
eyc to fork of tail to the nearest 5 mm and sex is detennined by inspection of cxternal
characteristics. After being sampled, salmon are released on the upstream side of the weir. Scales
arc takcn from thc preferred area (INPFC 1963) and mounted on gum cards. Gum cards are pressed
in acetate using methods described by Clutter and Whitesel (1956). Scale impressions are viewed
through a microfiche reader and age is determined by visual identification of annuli. Ages are
rccordcd on mark-sense fonns, which are also used to record sex and length data. Completed mark­
sense forms are processed through an OPSCAN machine to produce ASCII computer files. These
fi les are then summarized using various custom computer programs. Estimates of age, sex, and
Icngth compositions from each stratum are weighted by fish passage to provide estimates for the
cntire escapement (Molyneaux and Dubois, 1999).

1999 Cllum Mark alld Recapture

Bcginning in 1999, an experiment was conducted using mark and recapturc techniques in an
attempt to develop an auxiliary method to estimate escapement for periods when the wcir is
inoperative. It has been observed that chum salmon carcasses are recovered on the weir in high
proportion to the number of live fish that pass the weir. This experiment was designed to
dctcnnine if the high carcass recovery rate might be used to estimate escapement based on the
proportion of marked to unmarked carcasses. Similar studies have been conducted in Southeast
Alaska (McGregor, 1993). A constant proportion of fish are marked (fin clipped) as they are
counted through the weir. Because of the possibility of low escapement this year, we decided to
attcmpt to mark 1 in 5 of the chums (20%) that passed the weir. In order to keep the daily
proportion of marked fish constant the fish were counted on one day, and 20% of that number
were markcd the following day. This resulted in a one day lag from the actual counts, but
allowed us to keep the proportion of marked fish constant throughout the study.

Chum salmon were marked by clipping a fin (adipose, dorsal etc.) or combination of fins in strata
of scvcn days so that any temporal variability in carcass recovery could be monitored. Put
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another way, to determine whether fish that passed the weir early in the mn had differential
carcass recovery rates than fish that passed near the end of the nm. As part of nonnal weir
cleaning activity, chum carcasses that washed up on the weir were examined for fin clips and
results tallied. Marked fish were tallied according to temporal strata as detennined by the fin clip.

Meteorological alld Hydrological Factors

Water temperature is measured to the nearest I· C with a non-calibrated thennometer. Precipitation
for the prior 24-hour period is measured to the nearest I mm using a standard precipitation gauge
(10 to I ralio). The amount of cloud cover, wind speed and direction are estimated by the observer.
Water level is measured to the nearest 5 mm from a meter stick set at an arbitrary point in the river.
A standardized water level is obtained by measuring the distance between the water level and a
henchmark height of 5 m (Baxter 1981). The time is recorded when the meteorological and
hydrological measurements are made. Generally, measurements are taken at 1700 hours.

RESULTS

Weir Operatioll

1998

fhe weir was installed and operational at 1930 hours on 6 July and then pulled out because of rising
water at 0830 hours 8 July. Water conditions remained high and made redeployment impossible
until 17 July, when the weir was again made fish tight at 2000 hours. It remained operational until
removed for the season on 19 September. These high water conditions rendered the weir inoperable
for a high percentage of the chinook, sockeye, and chum salmon migrations. As a result it was not
possible to reconstmct the mn timing curves, run midpoints, or ASL compositions for these species.
However, the weir was operational for a sufficient portion of the coho salmon mn for these
parameters to be estimated.

1999

fhe weir was installed and made operational at 1500 hours on 5 July. This represents the earliest
possible date the weir could have been made operational due to spring mn-off conditions. At 1800
hours on 5 August, the crew pulled weir pickets and left the weir open for approximately 21 hours
oue to rising water. The pickets were reinstalled on 6 August at approximately 1500 hours. The
weir continued to operate until high water forced removal for the season on 18 September. In 1999,
the migration for all species was extremely late. The operational period covered about 99 percent
of the chinook and chum salmon migrations, and 100 percent of the sockeye salmon migration.
Approximately 80 percent of the coho nm was enumerated.
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Salmoll COI/Ilts alld Estimates

1998

Chinook Salmon

Thc actual count of chinook salmon was 1,713 males (which included 172 jacks) and 1,296 females
(Tablc I). Females comprised 43% of the actual counts. Chinook run timing was thought to be late.
Using a late run-timing model (Table 2) to estimate passage for the time before the weir was
installcd and for the period during which the weir was inoperative due to high water (8-17 July), an
cscapement estimate of 12, I07 fish was calculated. A total of 9,098 fish are estimated using this
mcthod, 75% of the total. Peak days of passage, according to the historic 11111 tinung models, were
probably during the non-operational period. A total of 948 chinook carcasses were recovered from
Ihc weir (Table 3).

Sockeye Salmon

The actual count of sockeye salmon was 4,468 males and 853 females (Table 1). Females
comprised 16% of the actual counts. The sockeye 11m was also thought to be late. Using a late-11m
modcl (Table 2) to estimate passage for the period before the weir was installed and for the time the
wcir was inoperative due to high water (8-17 July) an estimated escapement of 16,773 fish was
calculated. A total of11,452 fish were estimated using this method, or 68% of the total. A total of
623 sockeyc salmon carcasses were recovered on the weir (Table 3).

Chum Salmon

fhe actual count of chum salmon was 10,951 males and 2,063 females (Table 1). Females
comprised 16% of the actual counts. A late-run model (Table 2) was used to estimate total counts
lor days prior to weir installation and for 8-17 July, an estimated escapement of 36,441 fish was
calculated. A total of 23,427 fish were estimated using this method, 64% of the total. Days of peak
passagc probably occurred wlule the weir was non-operational. A total of 5,588 chum salmon
carcasses were recovered on the weir (Table 3).

Coho Salmon

The actual count of coho salmon was 12,567 males and 10,047 females (Table I). Females
comprised 44% of the actual counts. A late-run model (Table 2) was used to estimate counts for
days aller the weir was pulled out (19 September-5 October). The estimated portion was 1,734 fish
or 7.1 % of the total escapement estimate of 24,348 fish. The midpoint of the run occurred on 3
Scptcmbcr, which is three days later than the historical average, or "normal" timing of the
midpoint. The overall pattern of fish passage generally followed the late-11m model (Figure 3).
Twenty carcasses were counted, however project operation tellllinated well before most of the coho
salmon could be expected to have died.
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1999

Chinook Salmon

Thc actual count of chinook salmon was 2,766 males (which included 335 jacks) and 2,706 females
(Tablc 4). Ninety-eight fish were estimated to have passed the site during days of non-operation in
carly August and days before the project became operational resulting in an estimated escapement
of 5,570 fish. Females comprised 49% of the actual chinook salmon counts. The midpoint of the
chinook salmon migration occurred on 20 July, the latest on record for the project and 8 days later
than the average midpoint of 12 July (Figure 4). A total of 507 chinook salmon carcasses were
rccovered on the weir (Table 5).

Sockeye Salmon

Thc actual count of sockeye salmon was 4,402 males and 1,375 females (Table 4). Eighty-seven
!ish werc estimated to have passed the site during days of non-operation in early August, resulting
in an estimated escapement of 5,864 fish. Females comprised 24% of the actual sockeye counts.
Thc midpoint of the sockeye salmon migration occurred on 22 July, which is also the latest on
rccord for the project and 9 days later than the average midpoint of the migration (Figure 5). The
opcrational period spanned the entire sockeye salmon migration. A total of 446 sockeye salmon
carcasses were recovered on the weir (Table 5).

Chum Salmon

rhc actual count of chum salmon was 11,346 males and 2,151 females (Table 4). A total of 323
!ish wcre estimated to have passed the site during times of non-operation in early August and on
days before the project becanle operational, making a total estimated escapement of 13,820 fish.
Fcmales comprised 16% of the actual chum counts. The midpoint of the chum migration occurred
on 18 July, which is the second latest nm timing on record for the project. The historical average
midpoint is 12 July (Figure 6). A total of 3,286 chum salmon carcasses were counted on the weir
(Tablc 5).

Coho Salmon

Thc actual count of coho salmon was 7,063 males and 3,031 females (Table 4). Using the historical
rUll timing tables 2,515 fish were estimated to have passed after the project operation was
tcrminated due to high water, for a total estimated escapement of 12,609 fish. Females comprised
30% of the coho salmon actually counted. The overall pattern of coho salmon passage was the
second latest on record for the project. As such it falls outside the usable range of the historical
data for the purposes of estimating passage for days the weir was not operational. It is likely that the
coho migration continued well past the final date of operation of 18 September. Using the historic
models to generate estimates for the last portion of the nm it is apparent that the estimates do not
track well with the actual counts. Subjective comparison of the 1999 migration to other years shows
I()83 data to be the closest to the observed run timing in 1999 (Figure 7). The midpoint of the 1999
coho salmon migration occurred on 7 September. In 1983 the midpoint of the run was slightly later,
occurring on 10 September. The average midpoint is I September, using the historical data tables.
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For this reason the 1983 mn timing was used to generate the last portion, or tail, of the 1999 coho
salmon run (Table 6). Only one coho salmon carcass had been recovered by the cessation of
opcrations.

Age, Sex ami Lel/gth

1998

Chinook Salmon

ASL data were obtained from 86 live specimens in one temporal stratum. This limited sampling is
con idcred insufficient for characterizing the entire spawning population (Molyneaux and Dubois,
1(99). The age composition offish sampled was 4.7% age-1.2, 54.7% age-l.3, 38.4% age-lA, and
2.3% age-I.5. The sex composition was 56% male and 44% female (Table 7). The mean lengths of
fcmales ages-l.3, -lA, and -1.5, were 818 mm (n=15), 861 mm (n=22), and 870 mm (n=I). The
mean lengths of males ages-1.2, -1.3, and -lA, were 558mm (n=4), 749 mm (n=32), and 836 mm
(n II) (Table 8).

Chum Salmon

A L data were obtained from 193 live specimens in one temporal stratum. This was also
inSlI fficient to characterize the spawning population. TIle age composition of fish sampled was
()O.2% age-0.3 and 9.8% age-OA (Table 9) The mean lengths of females age-0.3 and -0.4 were 558
mm (n=20) and 580mm (n=2) respectively. The mean lengths of males age-OJ and -OA were 596
mm (n=154) and 621 mm (n=17) respectively (Table 10). The sex composition was 89% male and
I I'X, female.

Coho Salmon

A total of 455 live specimens from three temporal strata were sampled. Based on these samples the
estimated age composition of the escapement was 1.6% age-l.l, 94.1% age-2.1, and 4.2% age-3.1
The sex composition was 59 % male and 41 % female (Table II). The mean lengths of females
agc-I.I, -2.1, and -3.1 were 567 mm (n=4), 579 mm (n=178), and 573mm (n=7), respectively. The
mcanlengths of males age-I. I, -2.1, and -3.1 were 595 mm (n=2), 581 mm (n=250), and 593 mm
(n 14), respectively (Table 12).

1999

Chinook Salmon

ASL data were obtained from 305 live specimens in three temporal strata. Based on these samples
thc estimated age composition of the escapement was 5A% age-I.2, 25.2% age-JJ, 67.3% age-lA,
and 1.5% agc-1.5. The sex composition was 47% male and 53% female (Table 7). The mean
Icngths of females aged-l.3, -lA, and -1.5 were 790 mm (n=5), 868 mm (n=52), and 911 mm
(n I). The mean lengths of males aged -1.2, -1.3, and -lA, were 587 mm (n=17), 694 mm (n=69),
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and 792 mm (n=66), respectively (Table 8).

Chum Salmon

ASL data was obtained from 737 live specimens in three temporal strata. Based on these samples
the estimated age composition of the escapement was 4903% age-0.3 and 50.4% age-0.4. The sex
composition was 91 % male and 9% female (Table 9). The mean lengths of females age-OJ, -0.4,
and -0.5, were 562 mm (n=37), 584 mm (n=29) and 540 mm (n=I), respectively. The mean lengths
of males age-0.3, -0.4, -0.5 were 587 mm (n=345), 604 mm (n=324), and 600 mm (n=I),
respectively (Table 10).

Coho Salmon

A total of343 live specimens from three temporal strata were sampled. Based on these samples the
estimated age composition of the escapement was 2.5% age 1.1, 88.1% age 2.1, and 9.4% age 3.1.
fhe sex composition was 83 % male and 17 % female (Table II). The mean lengths of females
age-I.I, -2.1, and -3.1 was 560 mm (n=I), 565 mm (n=53), and 563 mm (n=9), respectively. The
mean lengths of males age -1.1, -2.1, and -3.1 was 525 mm (n=8), 564 mm (n=251), and 596 mm
(n=2I), respectively (Table 12).

Clrlllll Mark allli Recaptllre

Fin clipping of live chum salmon started on9 July and continued until 14 August. A total of
1,550 fish were marked in six temporal strata, the first five consisting of seven days, and the
sixth spaning 9 days. The number of fish marked represents II % of the actual weir counts. A
total of309 chum carcasses out of3,288, approximately 9 % of the carcasses recovered, were fin
clipped. Approximately 1,000 fish passed through the weir before the marking program was
Initiated. Results from the analysis of these data will be reported in a subsequent report, but at
this time the method does not appear to hold much promise in terms of estimating fish passage
during weir downtime.

Meteorological alld Hydrological Factors

1998

Water levels were very high at the beginning of the season but tracked historical averages as the
season progressed (Figure 8). Rainfall was well above the historical averages until early August,
when it returned to near average amounts. Total rainfall was 189 mm for the season, which is
only slightly above the historical average of 182 mm (Figure 9).

Water temperatures, probably influenced by the rainfall patterns, were below historical values for
most of the season, averaging 10.4 degrees for the season compared to 11.1 historically (Figure
I 0).

fhe EL Nino conditions present in 1997 (Cappiello, 1997) persisted through the 1998 season.
fhe condition seemed to diminish towards the end of the summer. The effects of these
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conditions in the marine environment in general and on salmon populations in particular arc
poorly understood. It has been speculated by various authors that higher ocean temperatures
obscrved during the 97-98 EI Nino may have caused a shift in primary components oflower level
trophic communities, thereby disrupting relationships in the feeding patterns of organisms higher
up the food chain (Kruse, 1998).

1999

Conditions in 1999 started off with water levels higher than historical averages for the very early
stagcs of the project and then more or less followed historical trends (Figure II). There were
two high water events, one in late July and another in early August. Water temperatures were
erratic for most of the season and were generally cooler than normal, again probably as a result
of intermittent rainfall patterns. Precipitation trends were close to historical averages throughout
the scason, except for being slightly below average in the month of September (Figure 12).
Generally speaking, 1999 was a drier summer than 1998, with 172 mm of total rainfall.
Precipitation tended to occur at sporadic intervals in moderate to high amounts that caused water
levels to fluctuate accordingly (Figure 13).

DISCUSSION

AII/Illal Escapements

When cnvironmental conditions prevent projects from operating over the complete range of species
passage during a given season, it is incumbent on project managers to interpret available data as
best as possible and develop, if feasible, some estimate of total escapement. Sometimes these
estimales may be quite subjective. In 1998, the weir project was out of the water for a siglli fieant
pOJ1ion of the time when chinook, sockeye, and chum salmon norn1ally migrate past the site. Early
in the history of the project, a method was developed to estimate missed portions of migrations,
using an average of historical run timings. The method has some utility in estimating passage for
shor1 periods when the weir is not operating wi/hill the span of the norn1al migration period, but
begins 10 suffer fTom inherent assumptions when the attempt is made to extend the "tails" of the
migration before or after the operational period.ln this case, the missing portion oftbe migration
occurred before enough data had been collected to judge how the runs were developing at the site.
By using the run timing models to generate fish passage estimates, we assume that the nll1

dcveloped in a nonnal fashion that followed historical trends.

Chinook Salmon

('ommercial fishing for chum salmon was again reduced on the Kuskokwim River in 1998 due to
the low number of returning chum salmon. The relationship between commercial chum salmon
harvest and incidental harvest of chinook salmon has been discussed in earlier reports in this series
(Cappiello, 1997). It is assumed that, all other factors being equal, the commercial harvest of
chinook salmon will vary as effort in the commercial chum salmon fishery varies.

rhe chum salmon season was curtailed in 1998 due to concerns over stock status. A total of four
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commcrcial periods targeting chum salmon were held between the end of June and mid-July, when
thc majority of the chum salmon harvest usually occurs, although there is some overlap with the
coho salmon run. It is likely the reduced season for ChWll salmon would have benefited chinook
salmon escapement, however, it is hard to judge based on the time the weir was operational; the
run-timing models suggest that the weir was operational for 25% of the normal temporal span of
thc chinook migration. During this time, it is believed that approximately 33% of the BEG for
chinook salmon passed the weir. Though not conclusive, this would appear to indicate escapement
was strong enough to approach the escapement goal. Using the rWl timing models to estimate the
fish passage during the time the weir was inoperative yields an estimate that is 21 % above the
escapcment goal. While the best method currently employed, estimating this large of a percentage
(75%) of the escapement with the run timing models is extremely uncertain and should be viewed
accordingly.

Coverage ofthe chinook salmon escapement was almost complete in 1999. The commercial
lishing season for chum salmon was further reduced to just one openning, due to an extremely
wcak run. Lack of commercial fishing for chum salmon should have allowed a good escapement of
chinook salmon, but in the Kuskokwim River a confounding factor is a preference for chinook
salmon by subsistence users. Even though the run was late in 1999, considering the single
commercial opening, the chinook salmon escapement should have been adequate. It was not,
indicating a weaker than normal rWl. However, for the period between 1989 and 1998, the
escapcment goal of 10,000 chinook has been met for eight often years, so the Kogrukluk Rivcr
chinook salmon stocks will probably not be negatively impacted in the long term by the low
escapement in the 1999 run.

Sockeye Salmon

During the 1998 season the majority of the sockeye migration passed upstream of the project while
it was not operated. Estimated sockeye escapement for the season was 16,773; however only 32%
of the escapement was actually observed passing through the weir. The estimate is derived ITom the
historic run timing tables. Little is known about sockeye salmon biology in the Kuskokwim River.

rhe sockeye salmon nUl was fully enumerated in 1999. The midpoint of the run was the latest
rccordcd since project operation began in 1976. The total passage of 5,864 was below recent year
avcrages of approximately 9,000.

Annual cscapements of sockeye salmon at the Kogrukluk River weir have been highly variable,
ranging fi'om 1,670 in 1978 to 29,358 fish in 1993. As with chinook salmon, sockeye salmon are
not a targeted species in the commercial fishery and are caught incidentally during the directed
chum salmon fishery. Sockeye salmon escapement was likely higher throughout the Kuskokwim
Basin in 1998 and 1999, due to curtailments in the directed chum fishery. The Kogrukluk River
wci r is the only project currently operating in the system that has a history of sockeye salmon
asscssment.

Sockcye salmon escapement at the Kogrukluk River in the 1990s has been higher than dwing prior
ycars when escapement has been monitored. Conunercial harvests of chum salmon in the
Kuskokwim River during the same period have fluctuated widely. Aerial survey data from selected
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tributaries for sockeye salmon in the Kuskokwim basin and Kuskokwim Bay have also shown a
slight incrcase in recent years (Cappiello 1997), but survey data can vary by observer, and the
accuracy and precision oftms data is a factor.

Chum Salmon

i\s with chinook and sockeye salmon the weir was not operational for a majority of the 1998
chul11 salmon migration. Estimated chum escapement for the season was 36,441; however only
J6'X, of the escapement was actually observed passing through the weir. The estimate is derived
frol11 historical run timing tables and represents a best guess.

Covcrage of the chum migration in 1999 was nearly complete. There was a minimal period at the
beginning of tile run when some fish likely went undocumented but this number is thought to be
minor. The run was weak and had the second latest run tinling on record. With only one
commercial opening during the chum salmon season in the lower river and the associated
rcduccd commercial harvest, the escapement of 13,820 fish still fell far below the goal of 30,000
fish.

Rcasons for the weak run are not entirely clear, but the 1999 chum salmon run represents fish
spcnt two years in the ocean during the 97-98 EI Nino. The fish that returned represent the
survivors of an extremely stressful envirorunent. In the period between 1990 and 1999 the chum
.:scapcment goal of 30,000 has been met in 7 of 10 years in the Kogrukluk River. Continued
cfose monitoring is essential, however, and contiJllIed careful management is necessary to avoid
any human-induced impact on stocks that are likely already stressed due to natural conditions.

Coho Sal mOil

Commcrcial fishing for coho salmon in 1998 opened for eight periods in the Kuskokwim River
with a total harvest of2 I0,000 coho. This is below the average harvest of514,000 fish during the
I')90s. The 1998 Kogrukluk River coho salmon escapement was relatively well documcnted;
IIsing the historical rWl timing models, only 7% of the run was estimated to have passed after the
project was shut down due to high water on 16 September. The total escapement was just under
thc BEG of 25,000 fish. While these nwnbers indicate tbe run was stronger than that of 1997, it
\Vas still below recent averages. Brood year escapement (1994) was well above the BEG at
35,000 fish.

Thc commercial fishery was opened for only one period in 1999, with a harvest of 22,000 coho
salmon. This represents the lowest harvest on record SiJ1Ce development of the commercial
fishcry. The coverage of the migration at the Kogrukluk River weir was again good, altbough
thc run was the second latest on record and roughly 20% of the migration was thought to have
passcd after high water caused the project to be shut down on 18 September. Total estimated
.:scapement of 12,609 was less than balf the escapement goal aJld coupled with the low harvest
numbers indicate a very weak run. The reasons for a weak mn are unclear, but EI Nino effects
likely played a part here as well. Brood year escapement (1995) was considered adequate at
almost 28,000 fish.
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In thc ten year span between 1989 and 1998, the coho salmon escapement goal (25,000) was met
four limes. The 1993 escapement was estimated at 20,000 and the 1998 escapement was
estimated at 24,000 fish. In only four years (1989, 1990, 1991 and (997) did the escapement fall
signi ficantly below the escapement goal.

All Ku kokwim River salmon species suffered from low returns in 1999. None of the parent age
class cscapements for any of the species were drastically low. The only thing all these fish had in
common other than the year they returned to their natal streams was the time they spent in
saltwater. Most perplexing is that while other stocks, particularly in Southeast Alaska, seemed to
hc morc abundant in 1999, stocks in Western Alaska seemed to be just the opposite, with returns
on lhe Kuskokwim River showing record low numbers.

Age, Sex, al/d Lel/gtll

Agc compositions of cscapements can be useful for developing stock-recmitment models, which
can bc used to project rUll size. Unfortunately this is not possible for anyone spawning stock or
the entire Kuskokwim River drainage because stock specific exploitation and total run size, for
most years, is unknown. Still, age composition infonnation can help predict the relative
magnitude of future runs. Strong or weak returns from the younger retuming adults may be
indicative of the survival of those cohorts, hence, strength of spawner retums from those cohorts
in following years. Such interpretations should be made with caution for several reasons: (1)
thcrc is a tendency in some species for the age compositions to shift towards younger fish as the
run progrcsses, therefore, thoroughness of the sampling regimen is important, (2) disparate
rcmoval of age classes in the commercial and subsistence fisheries may occur, (3) seemingly
high percentages of one age class could also be caused by low percentages of another, and (4)
scalc aging error within and among readers has not been fully assessed.

Comparisons between ASL data collected at the Kogmkluk River weir and other escapement
projccts should be made with the weir's location in mind. The Kogrukluk River weir is within
thc upper drainage area (altitude -107 m) 205 km from the confluence of the Holitna and
Kuskokwim Rivers. A majority of the salmon that enter the Holitna River drainage spawn in the
mainstcm and tributaries downstream from the Kogrukluk River. How these factors come into
play is uncertain, but most escapement assessment projects are located closer to the Kuskokwim
River or Bay and downstream of major spawning grounds, hence may be more representative of
thc cntire primary-tributary spawning aggregates. Comparisons made in this discussion are non­
statistical.

Chinook Salmon

Thc male-female ratio in 1998 was difficult to ascertain. The single ASL sample collected was
obtaincd during a time that would nornlal1y be late in tbe run and was 44% female (Table 8). The
sample was small and of limited temporal scope. Because of this, it may not have representative
of thc total escapement. The sex ratio of the actual counts was 43 % fcmale, but this was biased
towards the end of the run when the weir was operational (Table I).

14



Thc older age class fish (-1.3, -1.4 males and -1.3 fcmales) avcraged wcll above the historical
mcan Icngth for their respective age classes except for the 1.4 females that wcre right at the
historical averages (Table 9). Tlus is surprising considering the poor ocean conditions
documented in the summer of 1997 when these fish were in the last year of their saltwater cycle.
Thc sample sizes are small and these fish may just represent the largest and most fit individuals,
which enabled them to survive the stresses of the ocean environment and subsequent joumey to
thc spawning areas. A better measure of exactly how, or if, these fish were impacted would
include some fom1 of weight or girth data, but this infonnation has not been collected as part of
thc sampling regime.

The agc-I.2 males were smaller than historical averages, but, again, sample size here is very
minimal and may not be representative.

Thc agc-I.3 and -1.4 fish had shorter average lengths in 1999 than the historical averages for
bot h scxes (Table II). Age-I.3 males were 1.7 cm below the historical averages. Age-I.4 males
wcre 3.7 cm below the historical average. Age-1.3 females were virtually the same as the
historical average, age-l.4 females were 2.3 cm below average. The age-1.2 males were slightly
largcr, by almost 2 em than the average, but the sample was small at 12 fish. The below average
Icngths scen in the older fish could be indicative of poor oceanic feeding conditions and do seem
to follow trends observed in the limited 1998 data. The slightly larger size of the age-I.2 males
may bc an indication that oceanic conditions may have returned to an environment that is more
favorable to chinook salmon growth and survival. Again, weight or girth measurements would
bc of use in trend analysis.

Thc sex ratio obtained from the ASL data in 1999 was 53% female (Table 10). The composition
in the actual counts was 49% female (Table 4). Both estimates are above the historical average of
close to 33% female (2 males to 1 female), which has been gradually increasing since the late
I980s. This could be yet another artifact of reduced commercial fishing pressure, or due to
changes in commercial net size regulations in the late 80s that were designed to allow greater
escapcment of larger chinook salmon which tend to be older females.

eh um Salmon

Fcmalcs comprised 11 % of the ASL sample in 1998 (Table 12). Females comprised 16% of the
actual counts (Table 1). Fish averaged slightly larger in length than historical data for males and
right at historical averages for females (Table 13). However, the sample size is rather small and
was collected over a short temporal period of the run after a majority of the fish were believed to
havc passed the weir. Therc was a lower percentage of age-O.4 chum salmon drainage wide in
1998 (Molyneaux and Dubois 1999, Vania 1999). Chum salmon sampled at the KogrukJuk
Rivcr weir in 1998 were mainly age-O.3 fish but this may also have been an artifact of the
narrow temporal window over which thc data was collected (Table 12).

rhc age structure retumed to a more even mix in 1999, age-0.3 fish comprising 49.3 % and age­
0.4 fish 50.4 % (Table 14). This is very close to proportions reported in prior years.

Thc sex composition of the 1999 ASL samples was 9% females (Table 14). The actual count was
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comprised of 16% females (Table 4). The 16 % number is the same as the actual counts in 1998
and the 9% number represents a historic low. The disparity is not as significant as the continued
low percentage, which for unexplained reasons, has been exhibiting a downward trend in recent
vears. Reasons for this are not clear, but the project is located high in the Holitna drainage with a
great deal of suitable chum salmon spawning habitat below the project site. Females may just
Simply be selecting and using suitable spawning habitat prior to reaching the vicinity of the weir,
then remaining near these areas before dying. Males may continue to move up the drainage, thus
biasing the counts. This may be more acute in years when abundance is low and competition
among females for available spawning space is reduced. In order to determine if the ratio is
abnOnllal for the entire Holifna drainage, sampling efforts would need to be conducted closer to
the mainstem Kuskokwim River.

\IIean chum salmon lengths for 1999 were very close to the historic data. Males of age-0.3
,"'eraged 587 mm (n=345) and females averaged 562 mm (n=37). Males age-O.4 averaged
()().jmm (n=324) and females averaged 504nun (n=29) (Table 10).

Coho Salmon

The 1998 coho salmon run at the weir was 41 % female according to the ASL data (Table 11).
The actual counts were identified as 44% female (Table I). Coho aged-I. I are slightly below the
historical averages, while the -2.1 age class makes up a slightly higher than average component
or the 1998 migration (Table 11).

('oho salmon lengths in 1998 were a bit of a surprise, given the presumed unfavorable ocean
conditions present in the winter of97-98. For both sexes, lengths were slightly larger than
historical averages, with males at 581 mm (n= 250) and females at 579mm (n=178) (Table 12).

In 1999, the sex composition was 17% females according to the ASL data (Table 11) and 30%
female according to the actual counts (Table 4). The reason for the disparity between ASL and
observer data is unknown but may be due some type of selectivity related to the location of the
trap, or to observer identification error.

('oho lengths in 1999 were near the averages with males at 564 mm (n= 251) and females at
'i(,7mm (n=53) (Table 12).

A potential bright spot in the future for salmon stocks on the Kuskokwim River is that EI Nino
conditions seemed to abate somewhat in the fall -winter of 1998-99. Any marine effects that
occurred during 97-98 would have also had some impact on Kuskokwim River runs in 1999, and
may continue to have ramifications for at least the 2000 return of chinook, chum, and sockeye
salmon. The 2000 return of coho salmon will be the progeny of the record large brood year of
1996. Kuskokwim coho's are primarily fish that emigrate from natal streams to spend a single
year in the ocean, then return to freshwater. The 2000 return of coho salmon will be the first
retulll of Kuskokwim salmon to spend an ocean cycle in post-EI Nino conditions since the
current cycle of poor returns began in 1997.
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I able I Actual daily and estimated counts of chinook, sockeye, chum and coho salmon, Kogrukluk River weir, 1998.
Bold llalle numbers art estimates derived using run timing models.

chinook sockeye chum coho
Dale "",Ie Jacks· female Totals male female Totals male female Totals male female Totals

~1·Jun 1 0 0
12·Jun 4 0 5
~J·Jun 1 0 5
~~·Jun 4 0 10
~5·Jun 3 0 19
'!6·Jun 9 0 38
27·Jun 88 0 33
:!l't·Jun 39 8 54
.!l)·Jun 118 3 103

JO·Jun 79 111 130
I·lul 198 40 401
.!·)ul 157 140 430
{·Jul 154 122 573

... ·Jul 398 418 1,146
5·Jul 433 391 788
f)·Jul 516 138 1,377
~·Jul 117 IS 28 145 10 3 13 680 156 836
\(·)ul 817 535 1,053
'I·Jul 769 757 I,U1

I (J·Jul 451 397 1,651
II·Jul 719 666 1,691
11·Jul 991 1,461 1,876
l.Jul 699 1,069 1,649
J·Jul 598 1,396 1,311

1"·1\11 675 991 1,069
I {\·Jul 617 1,108 1,174
I ~ ·Jul 455 589 1,089
S·Jul 151 18 78 229 73 65 138 427 165 592

I 'I·Jul 10-1 13 125 329 287 118 405 912 263 1,175
.!(j·Jul 160 33 104 264 319 143 462 1,229 293 1,522
21·Jul 1.!2 12 103 225 364 105 469 1,226 266 1,492
22·Jul 125 10 90 215 364 77 441 929 172 1,101
1J·Jul 49 7 49 98 208 36 244 683 139 822
1J·)ul 59 4 53 112 ISS 9 164 493 92 585
25·Jul 91 4 114 205 416 33 449 636 86 722
16·Jul 67 4 60 127 308 26 334 461 53 514 0 2 2
.!7·Jul 93 6 91 184 395 57 452 587 83 670 2 0 2
.!N·Jul 93 10 101 194 360 64 424 616 94 710 0 0 0
.!C)·Jul 65 9 49 114 231 27 258 453 54 507 0 0 0
")·Jul SO 3 60 110 207 21 228 334 25 359 I 0 1
.\ I·Jul 60 4 41 101 171 18 189 269 21 290 2 0 2
I· \ug 34 7 30 64 117 13 130 ISO 3 153 2 0 2
2- \u~ 32 2 26 58 98 I 99 134 7 141 3 0 3
'·\ug 12 2 19 31 90 6 96 114 6 120 8 2 10
J. \ug 9 I 16 25 75 2 77 171 21 192 5 2 7
:'. \ug 16 5 14 30 66 8 74 126 19 145 10 4 14
r,·,\ug 14 0 3 17 14 5 19 81 II 92 2 4 6
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chinook sockeye chum coho

male JOcks' female Totals male female Totals male female Totals male female Totals

g 7 0 7 14 24 I 25 42 9 51 4 3 7
g. 14 I 6 20 12 6 18 2 0 2 J 2 5
g II 0 4 15 22 I 23 22 3 25 10 7 II

11 4 0 I 5 17 0 17 23 0 23 4 2 6

~ 8 0 2 10 15 I 16 19 0 19 20 7 27

!.! I 0 2 3 6 0 6 9 1 10 15 2 17

!! 3 0 4 7 6 0 6 7 I 8 18 17 3~

g I 0 4 5 10 I II II 0 II 68 59 127

!! 2 1 3 5 5 1 6 9 2 11 45 46 91
g. 2 0 3 5 5 I 6 3 0 3 159 5 244
g I 0 2 3 3 0 3 9 2 11 125 100 225
g 2 0 0 2 2 1 3 3 0 3 35 19 54
g 6 I I 7 1 0 I 4 0 -I 10 14 24
g -I 0 0 4 2 0 2 3 I 4 73 5S 128
g 4 0 0 4 0 0 0 0 1 I 6 291 47

l! I 0 0 1 2 2 4 I 2 3 171 127 298
g 0 0 0 0 1 0 1 I 0 I 155 lOS 260
g 1 0 0 1 0 0 0 I 2 3 603 337 940
g I 0 0 1 1 0 1 I 0 I 263 207 470

!! 3 0 0 3 1 0 I 3 2 S 05 526 1,331

!! 1 0 0 I 1 0 1 2 0 2 302 1 6 438
!! 0 0 0 0 1 0 1 4 I 5 41 140 4 I

!! 0 0 0 0 0 0 0 I 0 I 364 226 Q()

!! 3 0 0 3 0 0 0 I 0 1 541 362 903
~ -I 0 0 4 0 0 0 0 0 0 769 672 1,441

P 0 0 0 0 I 0 I 0 0 0 796 609 1,405
fl I 0 0 I I I 2 I I 2 II 763 I, 74
I' 1 0 1 2 0 0 0 I 1 2 740 65~ 1,395
I' 0 0 0 0 0 0 0 3 1 -I 1.067 915 1,9 :!
fl I 0 0 I 0 0 0 1 0 1 618 1 1,1 9

fl 0 0 0 0 0 0 0 0 0 0 34-1 298 642
fl () 0 0 0 0 0 0 I 0 J 137 105 242

r I 0 0 I 0 0 0 0 0 0 269 214 4 3
r 0 0 0 0 0 0 0 I 0 I 225 199 424

" I 0 0 I 0 0 0 2 I 3 418 49 767
I' I 0 0 I 0 0 0 4 0 4 3 5 377 21
I' 0 0 1 I I 0 1 I 0 I 251 302 5 3
I' () 0 0 0 0 0 0 1 0 1 1 9 238 427
fl () 0 0 0 0 0 0 I 1 2 147 123 270
I' 0 0 0 0 0 0 0 0 I I 201 ISS 356
p 0 0 I I 0 0 0 0 0 0 178 J 5 363
p 0 0 0 0 0 0 0 1 0 I 227 208 435
r 0 0 0 0 0 0 0 1 0 I 96 133 229
P 0 0 0 0 0 0 0 0 0 0 114 7 201
p 330
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p 3
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I' 182
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chmook ""'keY<: chum coho

male Jacksl female Totals male female Totals male female Totals male female Totals

p 87
p 114
p 59
p 46
p 37
p 32
., 25
., 36
, 34
, 38
, 21

llt-\c

~I)·\c

111-\(

I.(l<

l·Ck

J..Dc

4·Oc

5.()c

f):H~

25-Se

2(,-\c

TDt." 1.113 172 1196 /1,/07 4,468

• Chlllook jacks induded In male totals.

853 /6,773 10,951 2.063 36,44/ 12,567 10,047 14,141
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Table 2. Run timing models (cumulative proportion) used to calculate missing
total and daily counts of salmon at the Kogrukluk River Weir, 1998.
Bold italic proportions were used (0 estimate days of missing fish passage.

Late Run Timing Late Run Timing Late Run Timing Late Run Timing
chinook sockeye chum coho

0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000

0.001 0.001 0.001 0.000

0.001 0.007 0.001 0.000

0.001 0.009 0.002 0.000

0.002 0.017 0.003 0.000

0.010 0.024 0.005 0.000

0.014 0.049 0.010 0.000

0.024 0.071 0.016 0.000

0.030 0.084 0.027 0.000

0.048 O.lll 0.038 0.000

0.064 0.141 0.053 0.000

0.094 0.185 0.083 0.000
0.133 0.207 0.104 0.000

0.173 0.245 0.141 0.000

0.198 0.328 0.205 0.000

0.226 0.446 0.259 0.000

0.293 0.526 0.297 0.000

0.356 0.582 0.341 0.000

0.393 0.645 0.412 0.000

0.452 0.679 0.462 0.000

0.533 0.724 0.505 0.000

0.590 0.748 0.540 0.000

0.639 0.792 0.594 0.000
0.695 0.835 0.628 0.000
0.745 0.859 0.683 0.000
0.782 0.878 0.716 0.000
0.821 0.900 0.754 0.000
0.849 0.912 0.772 0.000

I 0.875 0.927 0.804 0.000
0.898 0.936 0.834 0.000

I 0.917 0.950 0.863 0.000
I 0.935 0.964 0.875 0.000
I 0.947 0.967 0.879 0.000

Date

17-1un

18-1un

19-1un

20-1un

21·1un

22·1un

23·1un

24-1un

25-1un

26-1un

27·1un

28-1un

29-1un

30-1un

OI-lul

02·1ul

03-1ul

04-1ul

05-1ul

06-1ul
07-1ul

08·1ul

09-1ul

Io-lul

II-lui

12-1ul

13-1ul

14-1ul

15-1ul

16-1ul

17·1ul
18-1ul
19-1ul
20-1ul
21-1ul
22·1ul
23-1u
24-1ul
25-1u
26·1u
27-1u

-continued-
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Table 2. ( page 2 of 3)

Date
28-Jul
29-Jul
30-Jul
31-Jul

Ol-Aug
02-Aug
03-Aug
O4-Aug
05-Aug
06-Aug
07-Aug
08-Aug
O9-Aug
IO-Aug
II-Aug
12-Aug
I3-Aug
I4-Aug
15-Aug
16-Aug
17-Aug
18-Aug
19-Aug
20-Aug
21-Aug
22-Aug
23-Aug
24-Aug
25-Aug
26-Aug
27-Aug
28-Aug
29-Aug
30-Aug
31-Aug
Ol-Sop
02-Sop
03-Sop
O4-Sep
05-Sop
06-Sep
07-Sep
08-Sep
O9-Sep
10-Sop
II-Sep
12-Sep

Late Run Timing Late Run Timing Late Run Timing Late Run Timing
chinook sockeye chum coho
0.954 0.975 0.883 0.000
0.957 0.981 0.886 0.000
0.963 0.987 0.904 0.000
0.969 0.989 0.919 0.000
0.974 0991 0.929 0.000
0.977 0.992 0.934 0.000
0.980 0.993 0.944 0.000
0.983 0.994 0.957 0.000
0.985 0.995 0.967 0.001
0.985 0.996 0.973 0.001
0.987 0.996 0.977 0.001
0.988 0.998 0.982 0.002
0.989 0.998 0.986 0.002
0.990 0.999 0.988 0.003
0.992 0.999 0.989 0.006
0.993 0.999 0.990 0.011
0.994 0.999 0.992 0.013
0.995 0.999 0.994 0.015
0.996 0.999 0.995 0.020
0.997 0.999 0.996 0.022
0.997 0.999 0.997 0.036
0.998 1.000 0.998 0.055
0.998 1.000 0.998 0.073
0.998 1.000 0.999 0.083
0.999 1.000 0.999 0.091
0.999 1.000 0.999 0.096
0.999 1.000 1.000 0.107
0999 1.000 1.000 0.119
1.000 1.000 1.000 0152
1000 1.000 1.000 0.182
1.000 1.000 1.000 0.215
1.000 1.000 1.000 0.251
1.000 1.000 1.000 0.301
1.000 1.000 1.000 0.351
1.000 1.000 1.000 0.387
1.000 1.000 1.000 0.413
1.000 1.000 1.000 0.442
1.000 1.000 1.000 0.468
1.000 1.000 1.000 0.521
1.000 1.000 1.000 0.568
1.000 1.000 1.000 0.625
1.000 1.000 1.000 0669
1.000 1.000 1.000 0715
1.000 1.000 1.000 0.764
1.000 1.000 1.000 0.794
1.000 1.000 1.000 0.814
1.000 1.000 1.000 0.830

-continued-
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Table 2. ( page 3 ofJ)

Date
U-Sep
14-Sep
15-Sep
16-Sep
I7-Sep
18·Sop
\9-Sep

20·Sep

21-Sep

22-Sep

23-Sep

24-Sep

25-Sep

26-Sep

27-Sep

28·Sep

29-Sep

30-Sep

Ol-Oct

02-OcI

03-OcI

Q.l-Oct

05-Oct

Late Run Timing Lale Run Timing Lale Run Timmg Late Run Timing
chinook sockeye chum coho

1.000 1.000 1.000 0.86\
1.000 1.000 1.000 0.878
1.000 1.000 1.000 0.891
1.000 1.000 1.000 0.893
1.000 \.000 1.000 0.905
1.000 \.000 1.000 0.922
1.000 \.000 1.000 0.935

1.000 1.000 1.000 0.948

1.000 1.000 1.000 0.957

1.000 1.000 1.000 0.964

1.000 1.000 1.000 0.972

1.000 1.000 1.000 0.978
1.000 1.000 1.000 0.982

1.000 1.000 1.000 0.987

1.000 1.000 1.000 0.989
1.000 1.000 1.000 0.991
1.000 1.000 1.000 0.992

1.000 1.000 1.000 0.994

1.000 1.000 \.000 0.995

1.000 1.000 1.000 0.996
1.000 \.000 1.000 0.998

1000 1.000 1.000 0.999
1.000 \.000 1000 1.000
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Table 3. Daily counts ofchinook, chum, and sockeye salmon cacasses at the Kogrukluk River weir, 1998.

chinook chum sockeye
23 47 30
II 38 34
16 21 38
8 18 46
I 14 45
1 11 28
1 5 29
I 10 37
3 7 38
a 5 8
2 6 23
I 1 16
1 3 15
I 4 17
1 2 16
1 2 7
1 2 5
a 2 10
a I 7
a a I
a a 2
a I a
a 2 2
a 1 a
a a a
a a a
a a a
I 2 a
I a a
I a a

Dale
17-Jul
I -Jul
19-Jul
20-Jul
~ I-Jul
22-Jul
13-Jul
~4-Jul

25-Jul
26-Jul
n-Jul
~ -Jul
~9-Jul

~O-Jul

_~ I·Jul
Ol-Aug
02-Aug
03-Aug
04-.'\ug
OS-Aug
06-Aug
07-Aug
OS·Aug
09- ug
10-Aug
II-Aug
I ~-Aug
13-Aug
14-Aug
1"-Aug

chinook chum sockeye
4

49
53
99
84
93

2 160
4 155
1 154 1
4 166 2
2 154 a
4 202 a

13 288 a
6 225 a

31 330 1
46 440 a
41 363 I
42 346 1
44 326 2
68 305 1
41 276 a
72 192 2
57 164 6
63 131 7
65 1 4 15
54 83 14
80 120 23
70 lIS 31
29 75 40
33 47 22

Date
16-Aug
18-Aug
19-Aug
20-Aug
21-Aug
22-Aug
23-Aug
24-Aug
25-Aug
26-Aug
27-Aug
2 -Aug
29-Aug
30-Aug
31-Aug
Ol-Sep
02-Sep
03-Sep
04-Sep
05-Sep
06-Sep
07-Sep
08-Sep
09-Sep
10-Sep
II-Sep
12-Sep
13-Sep
14-Sep
15-Sep

Totals

25
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rJhlr J AClu.I' dilly and cstuoaled couab ordliDook. 1OCUye. dtWll, Uld coho sabnoD.. K.ogrukluk RiVtt weir. 1999.
'1<11..1 lulle nUlll~ are cstimatt:s ckrived W1ml ND timing models.

chillook chum IOCkeyc oobe

male jacks" female Total "",, female Toul ""k female TOlll ""I, female ToW

"I 6 3
I 1 /5
I 1 7
I 5 11
I 4J 5/ • 0

" " } , 17 "0 }2 I7l I 0 I 0
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}' 6 ,
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ehinook cbum sockeye coho

nule JacJa' female Tocal male female Tocal male fcmak Total male female TCllaI

0 0 0 0 I 0 I 0 0 0 l50 I 2 482
2 I 1 ) 0 I I 0 0 0 l70 III 501

p I 0 I 2 I 0 I 0 0 0 608 268 876
p 1 0 0 I I 0 I 0 0 0 64S lS6 1001

I 0 0 I 0 0 0 0 0 0 : 137 424
0 0 0 0 0 1 I 0 0 0 128 no
0 0 0 0 2 0 l 0 0 0 l6S 164 S29

P 2 I 0 2 I 0 1 0 0 0 289 117 406
p 0 0 0 0 I 0 I 0 0 0 272 141 413

P 1 0 0 I 0 0 0 0 0 0 176 82 258
I 0 0 I 0 0 0 0 0 0 251 9S Wl
I I 0 I 0 2 2 0 0 0 147 78 225
0 0 0 C 0 0 0 0 0 0 192 217 609
0 0 0 C 0 0 0 0 0 0 254 188 442
0 0 0 0 0 0 0 0 0 0 70 S8 128

P 0 0 0 0 0 I I 0 0 0 110 122 232

I • I 5 I
I • I J80
I I I 267
I II • 176

I' II /I II ]6]

I' I II , 161, II , 190
I I , 66, II , 63

Jl
, /I , 61

p , II 0 41
p , II , 37
r , II , 18
I , , , 20
1 , , II 28
1 , II II 17
I II II , 25

'I , 0 , 11
! "60 )JS 2 706 5,.j;' 11,3~ !.15\ H.I1' 4.402 1,37S 5.164 7.<lbJ l.Oll 11,1#1

"''<1l

"

1·1

, .1 Ie
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I.lk

'\. r

, I 'icp

"I" C

!.'icp
lep
J. e

'c

It-:'>ep
..,."

Cfl
1.""

111·\,

11 'it

I !.:'>ep

JI""P
U""P
I ''er
1,,"Cfl
17·Se

I~· <J1
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, Ch' jacks included ,n male Iotlls
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Table 5. Daily counts of chinook, cbum, and sockeye, salmon carcasses at the Kogrukluk River weir, 1999.

chinook cburn sockeye

48 67 14

46 89 6

32 107 26

24 68 21

16 55 23

21 30 33

9 36 41

26 17 26

4 31 8

4 12 30

0 32 52

3 7 12

I 22 27

I 12 13

0 10 II

I 8 12

1 9 13

0 8 12

0 5 10
0 2 6
0 3 7
0 I 5
I 2 6
I 6 5
0 4 3
0 4 3
1 2 I
0 1 1
0 6 2
1 3 I
I 2 I
I 2 0
0 I 0
0 0 0
0 0 0

Dale

06-Jul

07-Jul

o ·Jul

09-Jul

10-Jul

I I-Jul

12-Jul

13-Jul

14-Jul

15-Jul

16-Jul

I "-Jul

I ·Jul

19-Jul

20-Jul

21-Jul

22-Jul

23-Jul

24-Jul
25-Jul
26-Jul
2"-Jul
2~ ·Jul
29-Jul
30-Jul
31-Jul

nI-Aug
1l2-Aug
03-Aug
().I-Aug
05-Aug
06-Aug
07.'\ug
Ok-Aug
(\<)-Aug

IO-Aug

chinook cburn sockeye

2

10

8

6

8

18

17

23

22

28

42

49

71

49

51

79

75

87

110
I 151 I
0 131 0
0 117 0
2 87 0
0 III 0
3 77 0
5 162 0
I 114 0

10 125 0
9 149 0

16 143 0
5 166 I

42 14 0
32 74 3
51 83 I
48 87 5
39 76 4

Date

II·Aug

12-Aug

13-Aug

14-Aug

15-Aug

16-Aug

18-Aug

19-Aug

20-Aug

21-Aug

22-Aug

23-Aug

24-Aug

25-Aug

26-Aug

27-Aug

28-Aug

29-Aug

30-Aug
31-Aug
01-Sep
02-Sep
03-Sep
04-Sep
05-Sep
06-Sep
07-Sep
08-Sep
09-Sep
Io-Sep
II·Sep
12-Sep
13-Sep
14-Sep
15-Sep

Totals

28

507 3286 446



Table 6. Run riming models (cumulative proportion) used to calculate missIng
lotal and daJiy counlS of salmon at the Kogrukluk River Weir, 1999.
Bold italic proportions were used to estimate days of missing fish passage.

Date
17-Jun
18-Jun
19-Jun
20-Jun
21-Jun
22-Jun
23-Jun

24-Jun

25-Jun

26-Jun

27-Jun

2g-Jun

29-Jun

30-Jun
Ol-Jul
02-Jul
03-Jul
04·Jul
05-Jul
O6-Jul
07-Jul
08·Jul
O9-Jul
10-Jul
II-Jul
12-Jul
I3-Jul
I4-Jul
15-Jul
I6-Jul
17-Jul
18·JuJ
19-Jul
20-Jul
21·Jul
22·Jul
23-Jul
24-Jul
25-Jul
26-Jul
27-Jul

Late Run Timing Late Run Timing Late Run Timing Late Run Timing

chinook' sockeye chuma coho'

0.000
0.000
0.000

0.000 0.000
0.000 0.000
0.000 0.000
0.000 0.000

0.001 0.000 0.000

0.001 0.000 0.000

0.001 0.000 0.001 0.000

0.001 0.000 0.001 0.000

0.010 0.000 0.004 0.000

0.014 0.001 0.007 0.000

0.024 0.005 0.013 0.000
0.027 0.008 0.024 0.000
0.040 0.012 0.037 0.000
0.060 0.020 0.052 0.000
0.083 0.029 0.Q78 0.000
0.116 0037 0.100 0.000
0.149 0.061 0.131 0.000
0.177 0.099 0.166 0.000
0.211 0.139 0.205 0.000
0241 0.165 0.262 0.000
0.296 0.206 0.337 0.000
0.337 0.243 0.378 0.000
0.404 0.319 0.441 0.000
0.486 0.386 0.489 0.000
0.572 0.440 0.537 0.000
0.62\ 0.489 0.584 0.000
0.683 0.542 0.627 0.000
0.742 0.593 0.669 0.000
0.782 0.647 0.707 0.000
0.814 0.696 0.747 0.000
0.843 0.749 0.768 0.000
0.874 0.794 0.801 0.000
0.893 0.833 0.820 0.000
0.9\5 0.853 0.843 0.000
0.932 0.888 0.852 0.000
0.940 0.910 O. '9 0.000
0.951 0.927 0.87\ 0.000
0957 0934 0.881 0.000

-connnued-
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Table 6. (page 2 of 3)

Dale
28·1ul

29-1ul

30·1ul

31-1ul

OJ·Aug

02·Aug
03-Aug

04-Aug

05-Aug

06-Aug

07-Aug

08·Aug

09·Aug
IO-Aug

II·Aug
12-Aug

13-Aug
I4-Aug

15-Aug

16-Aug
17-Aug

l8-Aug

19-Aug
20-Aug
21-Aug

22-Aug
23-Aug

24-Aug

25·Aug
26-Aug
27-Aug

28·Aug
29-Aug

30-Aug
31.Aug

Ol-Sep

02-Sep

03·Sep
04-Sep

05-Sep

06·Sep
07-Sep

08·Sep
09·Sep
10-Sep

II-Sep
12-Sep

Late Run Timing Late Run Timing Late Run Timing Late Run Timing

chmook' sockeye chum' coho·

0.962 0.949 0.895 0.000
0.969 0.961 0.909 0.000
0.973 0.967 0.921 0.000
0.976 0.974 0.930 0.000
0.979 0.979 0.942 0.000
0.981 0.986 0.955 0.000
0.983 0.988 0.965 0.000
0.984 0.990 0.971 0.000

0.985 0.992 0.975 0.000
0.987 0.993 0.979 0.000
0.988 0.994 0.983 0.000
0.990 0.995 0.985 0.00\
0.991 0.996 0.987 0.00 I
0.993 0.996 0.990 0.002
0.994 0.997 0.991 0.004
0.995 0.998 0.993 0.006
0.996 0.998 0.994 0.008
0.996 0.999 0.995 0.012
0.997 0.999 0.996 0.019
0.997 0.999 0.997 0.021
0.998 0.999 0.998 0.024
0.998 0.999 0.999 0.029
0.998 0.999 0.999 0.032
0.999 0.999 0.999 0.033
0.999 1.000 0.999 0.034
0.999 1.000 1.000 0.041
1.000 1.000 1.000 0.059
1.000 1.000 1.000 0.071
1.000 1.000 1.000 0.075
1.000 1.000 1.000 0.076
1.000 1.000 1.000 0.079
1.000 1.000 1.000 0.111
1.000 1.000 1.000 0.116
1.000 1.000 1.000 0.120
1.000 1.000 1.000 0.139
1.000 1.000 1.000 0.207
1.000 1.000 1.000 0.210
1.000 1.000 1.000 0.265
1.000 1.000 1000 0.307
1.000 1.000 1.000 0.319
1.000 1.000 1.000 0.384
1.000 1.000 1.000 0.408
1.000 1.000 1.000 0.421
1.000 1.000 1.000 0.439
1.000 1.000 1.000 0.539
1.000 1.000 1.000 0.582
1.000 1.000 1.000 0.583

-conrmued-
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Table 6. (page 3 of 3)

Date
13-Sep
14-Sep
15-Sep
16-Sep
17-Sep

18-Sep

19-5ep

20-Sep

21-Sep

22-Sep

23·Sep

24-Sep

25-Sep

26-Sep

27·Sep

28-Sep

29·Sep

30-Sep

Ol-Oct

02-Oct

03-0ct

04-0ct

OS-Oct

Late Run Timing Late Run Timing Late Run Timing Late Run Timing

chinook' sockeye chum• cohob

1.000 1.000 1.000 0.604
1.000 1.000 1.000 0.708
1.000 1.000 1.000 0.724
1.000 1.000 1.000 0.741
1.000 1.000 1.000 0.791

1.000 1.000 1.000 0.838

1.000 1.000 1.000 0.870

1.000 1.000 1.000 0.892

1.000 1.000 1.000 0.907

1.000 1.000 1.000 0.937

1.000 1.000 1.000 0.950

1.000 1.000 1.000 0.966

1.000 1.000 1.000 0.972

1.000 1.000 1.000 0.977

1.000 1.000 1.000 0.982

1.000 1.000 1.000 0.985

1.000 1.000 1.000 0.988

1.000 1.000 1.000 0.990

1.000 1.000 1.000 0.992

1.000 1.000 1.000 0.994

1.000 1.000 1.000 0.996

1.000 1.000 1.000 0.998
1.000 1.000 1.000 1.000

• Run timing curve offset by 5 days due to lateness of run.

• Estimated coho passage derived using 1983 run timing due to lateness of run.
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Sdmpk DJh:~

(SlralUm D,llo:~1

\Jmpk

'llze 0' 1.1

Esc ". Esc. " f-'>l..' ••
IJ

he "

Age Class

:u
Esc. ••

,.
" Esc "

1.5

Esc ~. Esc ••

,.
Esc "

'.5
Esc. ~.

Tou'

1999 7/11.14.16, 18
(6130·7119)

1nl. 23. 26
(7120.7130)

813
(7131 .9113)

8.

'88

89

'8

M

F

Tou'

M
F

Subtotal

M

F

Subtotal

M

F

Subtotal

0.0 0.0 4.7 0 a 37.2 0.0 12.8 0.0 1.2 0.0 0.0 0.0 55.8
__~__~ ~__~ ~__~ 25.6 __~ I._, __~__~__~ ...2

0.0 0.0 4.7 00 54.7 0.0 3804 0.0 2.3 0.0 0.0 0.0 100.0

o 0.0 14 0.5 113 4.3 a 00 701 26.6 14 O.S nl 27.1 0 0.0 a 0.0 0 0.0 a 0.0 a 0.0 I.S69 59.0

__O_~__O~ O~__o ......!Q.~~ __O_~~ 36.7 __O_~-E~__O_~__O_~__O_~~~
o 0.0 14 0.5 113 4.3 a 00 163 28.7 14 0.5 1,696 63.8 0 0.0 51 2.1 a 0.0 a 0.0 0 0.0 2.651 100.0

o 0.0 a 0.0 147 S.6 a 0.0 440 16.9 a 0.0 323 12.4 a 0.0 0 0.0 0 0.0 a 0.0 a 0.0 909 )<J.8
__O_~__O_~ O ......E..! __O_~~~__O_~~ S8.4 __O_~-?!.__I._' __O_~__O_~__O~~~

o 0.0 a 0.0 147 S.6 0 0.0 S87 22.S a 0.0 1.848 10.8 0 0.0 29 1.1 0 0.0 0 0.0 0 0.0 2.611 100.0

o 0.0 a 0.0 43 14.3 a 0.0 43 14.3 0 0.0 43 14.3 0 0.0 a 0.0 a 0.0 a 0.0 a 0.0 129 42.9
o 0.0 a 0.0 a 00 0 0.0 11 36 0 0.0 162 S3.6 a 0.0 a 0.0 0 0.0 a 0.0 a 0.0 173 51.1-------------------------------------- --- --------- ------------ --------o 0.0 0 0.0 43 14.3 a 00 54 11.9 0 0.0 lOS 67.9 a 0.0 a 0.0 a 0.0 0 0.0 a 0.0 302 100.0

305 M

F

Tou'

o 0.0 14 0.3 303 SA

o 0.0 0 0.0 0 0.0--------------a 0.0 14 0.3 303 $4

o
o
o

0.0 1,190 21.4

0.0 -,:,';:'.,.4--:73..::-8
0.0 1,404 2.5.2

14 0.3 1,081 19.5 0 0.0 a 0.0 0 0.0 a 0.0 a 0.0 2.608 46.8

a~~ 47.8 __O_~~~__O_~__O_~__O_~ 2.962~
14 0.3 3,149 61.3 0 0.0 86 1.5 a 0.0 a 0.0 0 0.0 SS70 100.0

l-!iSIOOC

Total

6.436 M a 0.0 333 0.4 1S,847 11.1 a 0.0 30.940 33.3 39 0.0 13,466 14.S 66 0.1 432 0.5 13 0.0 a 0.0 0 0.0 61,135 65.9

F __0~ __O_~~~__O~ 5,365 -2.:! __0_~ 23,841 25.1 __O_~ 2.183~ __0_~__8~ __O_~ 31.645~
Tor.l a 0.0 33) OA 16,092 173 0 00 36.305 )9.1 39 0.0 31,)07 40.2 66 0.1 2,615 2.8 13 0.0 8 0.0 0 0.0 92.ns 10(t-O

Sampling dales do nol meet crileria for estimaling esapement percentages.
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1.lbl~ b, ~ 1~.1ll lenglh (IlUllI b~ ~~\ ..md age based 011 s<.ll1lpl~~ 01 11\.IP l:<.Iught ehilloolo.. s~1111l01l <.II Ihe Kogruklulo.. RI\ ~r \\ Clr. J 998 and 11)99.

Year Sample Datc~ Sex Age Class
(Stratum Dates) 0.2 I I 12 2.1 1.3 2.2 1.4 2.3 1.5 204 1.6 2.5

1998' 7/23- 27 M Mean Length 558 749 836 820
Std. Error 30 12 22
Ran8e 500-640 600- 860 750- 940 820- 820
Sample Size 0 0 4 0 32 0 II 0 I 0 0 0

F Mean Length 818 861 870
Sid. Error 9 10
Range 755- 870 785- 990 870- 870
Sample Size 0 0 0 0 15 0 22 0 I 0 0 0

1999 7/12,14-16, I M Mean Length 420 594 681 550 789
(6/30 - 7/19) Sid. Error 17 9 10

Range 420- 420 500- 660 580- 890 550- 550 585- 980
Sample Size 0 I 8 0 50 I 51 0 0 0 0 0

F Mean Length 753 855 891
Std. Error 13 6 37
Range 730- 790 760- 990 800- 970
Sample Size 0 0 0 0 4 0 69 0 4 0 0 0

7/21,23,26 M Mean Length 581 713 gOI
(7/20 - 7/30) Std. Error 13 Ig 13

Range 545- 605 590- 850 730- g60
Sample Size 0 0 5 0 15 0 II 0 0 0 0 0

F Mean Length 812 g41 930
Std. Error 22 7
Range 730- 860 750- 960 930-930
Sample Size 0 0 0 0 5 0 52 0 I 0 0 0

-continued-
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I.... bh.. h. q>.tge ~ of 2)

Year Sample Dales Sc'\ Age Class
(Slr.ttum Dales) 0.2 1.1 1.2 2.1 I.J 2.2 1.4 2.3 1.5 2.4 1.6 2.5

1999 3 M Mean Length 586 708 773
(conI. (7131 - 9/13) S.d. Error II II 48

Range 560-610 690- 740 640- 860
Sample Size 0 0 4 0 4 0 4 0 0 0 0 0

F Mean Length 850 822
Sid. Error 14
Range 850- 850 720- 930
Sample Size 0 0 0 0 I 0 15 0 0 0 0 0

Season M Mean Length 420 587 694 550 792
Range 420- 420 500-660 580- 890 550-550 585- 980
Sample Size 0 I 17 0 69 I 66 0 0 0 0 0

F Mean Length 798 845 904
Range 730- 860 720-990 800- 970
Sample Size 0 0 0 0 10 0 136 0 5 0 0 0

Histonc M Mean Length 425 569 711 605 829 826 935 775
Total Range 355- 639 381-760 481-935 550- 660 530- 1100 777- 875 786- 1089 775- 775

Sample Size 0 12 1,019 0 2,430 2 863 2 53 I 0 0

F Mean Length 602 790 868 911 912
Range 568- 635 613- 963 695- 1035 740- 1072 873- 950
Sample Size 0 0 6 0 284 0 1,557 0 201 0 2 0

Sampling dales do not meet criteria for estimating escapement percentages.
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Table 9. Escapement ofchum salmon partitioned by age, sex, and time stratum based on trap caught samples for
Ihc Kogrukluk River, 1998 and 1999.

ample Dates Sample
(Stratum Dates) Size

Sex
0.2

Esc. %

Age Class
0.3 0.4

Esc. % Esc. %
0.5

Esc. %
Total
Esc. %

193 M
F

Subtotal

0.0
___0_.0 _

0.0

79.8 8.8 0.0
10.4 \.0 0.0 _
90.2 ---rr --- -0:0

88.6
I\.4

100.0

19l}() 7/8 - II
(711 -13)

196 M 0 0.0 1,589 34.7 2,570 56.1 23 0.5 4,183
F 0 0.0 _~I64c;- 3.6 _~lJ-,-4 5.1 0 0.0 _-,-::3",97:,-

Subtotal ---0 -0:0 1,753~ 2,804 -ru --2-3 -0:5 4,580

91.3
8.7

100.0

716 -20
(7'14 ·21)

71lJ - 24
(7Il2 - 25)

7.26 - 29
(7 26 - 30)

184

110

175

M
F

Subtotal

M
F

Subtotal

M
F

Subtotal

o 00 1,873 42.4 2,281 5\.6 0 0.0 4,154
__0 __0._0 _.,....,,:;96,:;- 2.2 _-=-,,::I44-=- 3.3 24 0.5 _-,-::2:.::64,:-

o 0.0 \,969 44.6 2,425 -s:4.9 --2-4 -0:5 4,418

o 0.0 894 5\.8 659 38.2 0 0.0 1,553
__0 __0._0 _.,...;,;11:;-0 6.4 _--:::6~3 __3._6 0 __0._0 _....,-;1",70-3

o 00 1,004 SiT 722 4\.8 0 0.0 1,726

o 00 835 53.7 533 34.3 0 0.0 1,368
__0 __0_0 _---:::;13~3 8.6 _--;;:5:;-3 3.4 0 0.0 _-:-:1~876

o 0.0 968 62.3 586~ ---0 -0:0 1.554

94.0
6.0

100.0

90.0
10.0

100.0

88.0
12.0

100.0

7/31: 812
(7·3( -10/5)

72 M 0 0.0 1.028 66.7 364 23.6 0 0.0 1,392
F 0 0.0 _.,....,.:;8::;.6 5.5 _---,:;64:;;. __4._2 __0 __0._0 _....,-;1~50~

Subtotal ---0 -0:0 1.114 72.2 428 27.8 0 00 1,542

90.3
9.7

100.0

737 M
F

Total

o 0.0 6,219
__0 _0_.0 _-;-;;;:58~8

o 0.0 6.807

45.0 6,407 46.4 lJ 0.1
4.3 _~55:;-8 4.0 24 02

49.3 6,965~ --4-7 ----0:3

12,650
\,170

13,820

9\.5
85

100.0

Historic
Tolal

7,895 M
F

Total

'.652 0.4 151.594
793 0.2 64.761

2.445 ----0:6 216.355

36.2 139.526
15.5 55,664

5U 195.191

33.3 3.711 0.9
13.3 1,018 0.2
46.6 4,619 --1.-'

296,465
122.228
418.693

70.8
29.2

100.0

1ht: "'C;lf washed out In 1998. sampling dates do not meet cntena for estlm3.llng escapement percentages (or season.
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rable 10. Mean length (nun) by sex and age based on samples of trap caught chum
salmon at the Kogrukluk River weir, 1998 and 1999.

Year Sample Dates Sex Age class
(Stratum Dates) 0.2 0.3 0.4 0.5

1998' 7/23 - 26 M Mean Length 596 621

Std. Error 2 8
Range 500- 650 570- 680

Sample Size 0 154 17 0

F Mean Length 558 580

Std. Error 6

Range 510-620 580- 580

Sample Size 0 20 2 0

1999 7/8 - 11 M Mean Length 591 604 600

(7/1 - 13) Std. Error 3 3

Range 535- 630 520- 675 600- 600

Sample Size 0 68 110 1

F Mean Length 569 579

Std. Error 10 7

Range 535- 610 545- 615

Sample Size 0 7 10 0

7/16 - 20 M Mean Length 588 606

(7/14-21) Std. Error 3 3

Range 525- 650 545- 670

Sample Size 0 78 95 0

F Mean Length 541 592 540

Std. Error 10 12

Range 510- 555 560-645 540- 540

Sample Size 0 4 6 1

7/23 - 24 M Mean Length 585 602

(7/22 - 25) Std. Error 3 5

Range 515-650 555- 660

Sample Size 0 57 42 0

F Mean Length 562 576

Std. Error 10 10

Range 535-610 560-600

Sample Size 0 7 4 0
-continued-
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Table 10. (page 2 of2).

Year Sample Dates Sex Age Class

(Stratum Dates) 0.2 0.3 0.4 0.5

1999 7/26 - 29 M Mean Length 578 598
(cont) (7/26 - 30) Std. Error 2 4

Range 505- 630 530- 685
Sample Size 0 94 60 0

F Mean Length 564 583
Std. Error 6 15
Range 515- 600 530-615
Sample Size 0 15 6 0

7/31; 8/2 M Mean Length 587 601
(7/31 - 10/5) Std. Errnr 3 7

Range 540- 630 540-640
Sample Size 0 48 17 0

F Mean Length 568 593
Std. Error 3 23
Range 560- 570 550- 630
Sample Size 0 4 3 0

Season M Mean Length 587 604 600
Range 505- 650 520- 685 600- 600
Sample Size 0 345 324 I

F Mean Length 562 584 540
Range 510-610 530- 645 540- 540
Sample Size 0 37 29 I

HIstoric M Mean Length 567 583 604 611
Total Range 470- 654 360- 698 439- 721 540- 703

Sample size 45 3,364 2,501 74

F Mean Length 548 562 579 576
Range 468- 606 453- 670 450- 689 533- 654
Sample size 18 1,091 766 28

The weir washed out in 1998; sampling period does not meet criteria for

estimating season escapement.
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Table 12. Mean 1eng1h (mm) by sex and age based on samples of trap caugbt coho
salmon at !be Kogruklul< River weir, 1998 and 1999.

Vear Sample Dates Sex A8e Qass
(Stratum Dates) 1.1 2.1 2.2 3.1

1998 8/19 M Mean Length 576 575
(7/25 - 8/22) Sid. Error 14

Range 48!)' 680 575- 575
Sample Size 0 17 0 I

F Mean Length 645 611
Sid. Error 10 6
Range 635- 655 565- 655
Sample Size 2 19 0 0

8/2&- 27 M Mean Length 602 601
(g/23 - 29) Sid. Error 7 6

Range 55!), 625 455- 680
Sample Size 10 59 0 0

F Mean Length 603 605 615
Sid. Error Ig 4
Range 555- 635 54!), 655 615- 615
Sample Size 4 5g 0 I

9/2-3 M Mean Length 569 625
(g/30 - 915) Sid. Error 14 6

Range 550- 610 490-700
Sample Size 4 58 0 0

F Mean Length 594 611 555
Sid. Error 19 5
Range 55!), 640 400-680 555- 555
Sample Size 5 75 0 I

919- 10 M Mean Length 605 613 620
(916 - 17) Sid. Error 23 8

Range 545- 655 49(). 660 62ll- 620
Sample SIze 4 28 0 I

F Mean Length 613 609 513
Sid. Error 7 4 52
Range 585- 655 5Ill- 665 42ll- 600
Sample Size 9 70 0 3

9114- 17 M Mean Length 585 579
(9112- 10/5) Sid. Error 4 17

Range 460-640 525- 625
Sample Size 0 76 0 6

F Mean Length 598 588 563
Sid. Error 12 4 17
Range 575- 615 505- 680 535- 595
Sample Size 3 61 0 3

Season M Mean Length 595 581 593
Range 57ll- 620 460- 645 515- 625
Sample Size 2 250 0 14

F Mean Length 567 579 573
Range 540-615 505- 680 535- 605
Sample Size 4 178 0 7

-connnueo-
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Table 12. (page 2 of2).
Year Sample Dates Sex Age Class

(Stratum Dates) 1.1 2.1 2.2 3.1
1999 8/23-27 M Meao Length 549 551 580

(7124 - 8/28) Sid. Error 10 3 10
Range 525-595 471l- 640 531l- 605
Sample Size 7 96 0 8

F Mean Length 559 550
Sid. Error 5 8
Range 521l- 595 530- 565
Sample Size 0 20 0 4

8130; 911- 3 M Mean Length 563 598
(8/29 - 914) Sid. Error 3 5

Range 501l- 650 580- 620
Sample Size 0 102 0 8

F Meao Length 556 573
Sid. Error 6 4
Range 481l- 615 565- 580
Sample Size 0 25 0 3

916- 8 M Meao Length 525 567 599
(915 - 1015) Sid. Error 5 10

Range 525- 525 441l- 640 565- 620
Sample Size I 53 0 5

F Mean Length 560 573 563
Sid. Error 10 13
Range 560- 560 5Ill- 600 551l- 575
Sample SIZe I 8 0 2

1999 Season M Mean Length 535 564 596
Range 525- 595 440- 650 530- 620
Sample Size 8 251 0 21

F Mean Length 560 565 563
Range 560- 560 481l- 615 531l- 580
Sample Size I 53 0 9

Historic M Mean Length 557 569 555 571 ,
Total Range 495- 670 435- 695 555- 555 481l- 655

Sample Size 96 1,786 I 113

F Mean Length 572 567 565
Range 490- 610 465- 665 501l- 650
Sample size 34 1,054 0 73
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Figure I. Kuskokwim Area map showing commercial salmon mllllagement districts.
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Figure 3. 1998 and historical late run timing for coho salmon at the Kogrukluk River weir.
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Figure 4. 1999 and historical late run timing for chinook salmon at the Kogrukluk River weir.
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Figure 9. 1998 daily and historical daily average water temperatures at the Kogrulduk River
weir.

1998

..._ .... 180.0

E
\60.0 e

~

\40.0 g..
120.0 .~

'"1000 '2
I­..

80.0 ~..
.' ~ JJr.\~· I'~ :::]

• • • • I.
1Il"''''~L~ 1\ ~.I\ I r ~ La ~~ ".. J. \/ \-.- -!:....!.!:..-!.-.!!••••~~.-.-.0.0
~ ~ ~ ~ ~ ~ ~ ~ N ~ ~ ~ ~ ~ ~_

~ ~ ~ ~ ~ ~ ~ ~ £ ~ ~ ~ ~. ~ ~ ~ ~

r--~=====--------------::12000
j -1- Daily Precip.

• -'-Cumulauve

--.-Average cum.

40.0

350

= 300

=-=-= 25.0
.S!
E 20.0'Co.;:;.. \5.0..
.t>0;

10.0Q

50

00

""~

Date
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\1'P<'aJ" \ hewr table I,'r h"lOm:al "almon c,~arelnct\tC'IlI11Jle'. Ko~ruklu~ R"ct I'rb-I9<)<)

Chinook Sod:ey<' Coho' Chum
Pro,. Est'd Pro,. ESI'd Pro, Est'd Prop. ESI'd

YeJr
,.

Count Missed Total
,.

Counl ~'lisscd Total
,.

Count Mtssed Total
,.

Counl ~ltssed Total
1976 E 5.500 0.0142 5.579 N 2.302 0.0103 2,326 N 8.04<i 0.0087 8.117
1977 (N) 763 0.6077 1.945 (N) 732 0.5527 1.637 (N) 1."" 0.6192 19,443
1978 N 13.102 0.0413 13.667 N '.646 0.0144 1.670 N 47,099 0.0213 48.125
1919 N 10,104 0.1088 11.338 N 2.432 0.0746 2,638 E 13.959 0.2495 18.599
1980 616 , 6.572 <03 , 3,200 5.638 , 41.777
1981 , 16,052 0,0362 16.655 , 17.691 0.0208 18,066 N 11,450 0lJOO.> 11.455 , 56,262 0.0192 57,365

1982 , 5.325 0.5156 10.993 , 11.729 0.3219 17,297 N 35.582 0.0586 37.796 N 40549 0.3672 64.077
1983 (K) 1,032 0.6551 2.992 tN) J1S 0.6812 1.176 E 8.327 0.0247 8.538 (N) 3.24$ 0.6547 9.407
1984 N 4.928 0.0000 4.928 N 4,133 0.0000 4.133 , 25.304 0.0830 27,595 N 41,484 0.0000 41.484
1985 E 4.0340 0.0682 4.619 E 4.344 0.0034 4,359 , 14,318 0.1291 16.441 E 13,851 0.0769 15,005
1986 E 2,922 0.4200 5.Q38 N 3,252 0.2301 4.224 , 14.717 0.3461 22,506 N 11.980 0.1846 14.693
1987 d 4,063 d 91J N 19.756 0.1343 22,821 d 17.422
1988 N 7.677 0.0974 8,505 , 4.235 0.0368 4,397 N 1I.722 0.1325 13,512 , 28,498 0.2793 39.540
1989 N 4.908 0.5889 11.940 N 2,599 0.5527 5,811 , N 15543 0.6070 39.540

'990 N 10.097 0.0118 10.218 N 8,382 0.0029 8.406 E 2.736 0.5538 6.132 N 26.555 0.0078 26,765

'99' N 6.132 0.2189 7,850 N 14,450 0.1218 16,455 E 7,059 0.2915 6.132 E 21.331 0.1181 24.188
1992 N 6397 0.053 6.755 E 7.328 0.0210 7,540 (N) 2.715 0.8958 26.057 N 32.051 0.0602 34.105

'993 N 10.516 0.1473 12.332 N 27.219 0.0729 29.358 (N) 4.437 0.7837 20.517 N 26.926 0.1559 31.899

'99. (E) 8,310 0.4543 I 15.227 E 5.676 0.6001 l·un (E) 27.461 0.2085 34.695 (El 23,756 0.4490 46.635

'995 , 18.856 0.0860 20.630 N 10.581 0.0377 10.996 , 17,492 0.3721 27.861 N 28,292 0.0923 31,265
1996 , 13.734 0.0327 14.199 N 15.221 0.0107 15,385 E 47,011 0.0701 50,555 E 47.010 0.0306 48,495
1997 , 13,112 0.0131 13.286 N 13.059 0.0014 13.Q78 E 11.611 0.0511 12.237 E 7,902 0.0071 7.958
1998 (E) 3.00' 0.7515 12.107 (E) 5.321 0.6828 16.773 E 22.614 0.0710 24.348 (ll 13.104 0.6429 36.441
1999 E 5.472 0.0176 5.570 E 5.777 0.0015 5,864 E 10,094 0.1994 12.609 E 13,497 0.0233 13.820

• Coho migr:tlions were not monitored prior to 1981

b The liming modclused forestimaling missed counts depends on Ihe distribution of the mean date ofmigrnlion (E-early. N-nonnal, l- late). ll>e lI$e of 0 indieales assumed timing.

, From Baxter (1980); insufficient dala 10 estimate escapements using time series techniques.

d Except for coho, es<:apements were estimated from a ratio of unknown 1987 C5Capement and known 1987 aerialllSSCSments 10 known 1988 escapement and kno":n 1988 aerial assesmenl.

Coho escapmcnls estimated 115ing time series techniques.

, Heavy min and high river levels allowed only 1"'0 days ofcounts during Ihe coho migrntion.
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II·Jul 1,512 6,307 3,817 12.155 2.157 1,200 1.426 4.880 5.205 3,230 3301 7.508 10.255 13,046 10,376 8,205 572
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20-Jul 4,400 11,125 9,562 15,884 4.201 3.403 3,661 7.810 9,189 7.125 5.747 11,230 13,955 18,730 13,299 11,917 2,878

21-Jul 4,792 11,996 9.907 16,071 4,325 3,554 3,811 7.917 9,386 7,283 5,914 11,430 14,126 18,996 13,479 12,263 3,666

22-Jul 4,982 12,298 10,085 16,254 4,436 3.626 3,904 8,025 9.487 7,452 6,079 11.489 14,292 19,358 13,577 12,471 3,931

23-Jul 5,153 12,501 10,216 16,372 4,525 3,730 J.008 8.109 9.615 7,498 6,238 11,590 14.400 19,509 13.633 12,581 4,161
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~~·Jul , ..1:: 12.("") /0,6.10 lbA'I: ":.(,.\'1 J,lllb .1,)19 ~.:: 1 -11<) -.S~l) oA~5 II. ~]jI IJ.~H'I 1l/.11o~ 1.1.!iU<" I~.OI,\ "SC5

~/,·Jul 5.r U.!J'J,J /0, ~80 lo_SD J.I,-~ J,I";/, ·1,.1-9 ".~N 'l.-(>,J "),~,, b.JSll II.~O(' tJ.SJI> ~If.m~ lJ.!tJIJ I~.-(,S J.')OO

~-·Jul S.J~!t J.l.IXo /0,&-$6 16.SOJ J.-OJ J.212 .ISH ~.~-b '1.-'1') -.1>58 6.J8-1 11.1111.1 1-I5'S ~IU5- P.ll(>5 1~.-1l1 5.019

211·Jul 5.-1-18 l.l.2.!'S /0.9·1-1 16.(>0() -1.--11 -1.290 4.6n 8.~9~ 9.ll-l] -.696 6.511 12.00-1 1-1.622 20,22-1 13.892 12.ll62 :'.08-

29·Jul 5.-1-6 IJ.3~2 10.999 16.631 ~.--J J.3-15 4.698 8.319 9.9lJ -.-30 6.5-11 /1.080 1-1.-63 20.291 lJ.9-1J 12.899 5.180

3()'Jul 5,500 13.381 I/,or 16.655 J.799 4.373 .I, -16 03'" '.960 1.7J2 6.561 Il./IO loU71 20.367 14J)-I3 11,9#) 5.168

31-Jul 5,518 I1,J1J 11.117' 4.821 '.406 .1.769 8373 10,016 7.760 6.582 12.129 1-1.957 20,39-1 14.061 11.981 5,320

Ol-Aug 5.51J 11,.16- 11.1/1 4,837 4.441 .1.811 I.J90 10.061 7.711 "99 12.1-13 15,015 20.418 14.078 13,001 5,37J

02-Aug 5,5.15 IMIl II.U; '.85' 4.476 .1.146 1.400 10,103 7,796 6,624 12.150 15,042 20,443 14,090 U.oJ2 5,415

03·Aug 5.55.1 11.519 11,17J 4.877 •.soo 4.171 8.... 10,132 7,812 6,634 12,166 15.067 20,490 14,099 lJ.o57 5,439

~·Aug 5,56' 11.541 IJ.JII 4.889 4.507 .1,179 8.416 10,143 7.820 .UJ 12.191 15.019 20,511 14,106 13,070 5.457

05·Aug 5.5'1 11.551 I J.J" 4.893 4,521 .1.".1 8,422 10.157 7,823 f,653 12,214 /5,110 20,522 14,108 13.088 5,480

06-Aug 5.566 11.577 1I.1fJ9 4.896 4,535 .1.901 8,429 10.168 7.828 f,661 12.234 15.1l8 20.532 14,114 13,107 5.497

07-Aug 5.567 11.HI 11.1/1 '.900 4,537 .1.911 8,435 10.174 7.833 f,67.J 12.263 15.144 20,536 14,122 13.120 5.5<><
08-Au8 5,5" /1,62.1 l1,lJ' '.908 4,555 .J,919 8.445 10.183 7,833 ..., 12,284 15.163 20.551 14,132 13.130 5.514

09-Aug 5,571 11,615 l1,lJ' -l,911 '-'6' 4,'11 8,448 10,190 7,833 f,7,1 12,295 15.165 20-'6' 14,134 13.153 5.518

I().Aug 5.575 /J,Ul JJJ5I 4.912 '.5'" 4,"7 8,449 10,192 '~34 f,;IJ 12,310 15.171 1',571 14,148 H.181 5,.520

II-Aug 5.577 JJ.651 JJ,D2 4.915 4.595 ./.971 8,454 10.202 7,837 6,716 12,315 15,177 1(J,511 14,155 13,21-l 5,512

12-Aug 5.j71 /J,651 J/,Z.I -l,916 ''''7 ./.'.3 8.464 10.206 7,838 6.723 12,326 15,183 10,596 I.J.I'5 11.111 5SJO
I3-Aug j,579 11,641 JI,z" -l,911 4.612 ./.", 8.'" 10,208 7.8'0 6,731 12,332 15,188 1',6#1 /./,17' 11,117 5,535

14-Aug 5.579 11.6" JI,Z96 -l.922 4,618 4,"5 8,469 10.209 7~2 6.732 15.197 lUlU 14,173 13,231 5,539

I5-Au! 11,664 J/,ZJI 4.923 4,619 4."7 8.471 10,211 7~2 6,737 15.2~ 10.6#8 14.178 13.24-l ,.540
16--Aug 11,6" 11.191 4.924 4.619 4."7 8.414 10,11-l 7~' 6.746 15.208 20.609 14.179 13.l5O 5,542

17·Aug 11,(,67 /l.1fU 4.925 4.619 5.101 8.479 10.21-l 7~5 6,748 15.211 10.612 14.179 13.255 ''''5
18-Aug 13,"7 //,117 4.925 4.619 5.... 8.483 10.215 7~5 6.752 15.211 10.614 14.180 13.256 ,,,,8
19-Aug //,116 4,927 4,619 5,115 8.486 10.216 7.846 6,754 15,216 10.614 14.180 13.261 ''''8
2a-Aug 11,111 4,927 4,619 j,'11 8.489 10.116 7~7 6,755 15,217 20.616 14,183 13.265 5""
21·Aug 11,117 4.928 4.619 5,024 8.492 10.117 7~7 6,755 15.220 20,619 14.185 13.266 5""
22-Aug I1,1Jl 4,619 5,031 8.495 10.217 7~8 15.221 10.620 14,188 13.268 5.551

23·Aug I1,J15 4,619 5.035 8,497 10.218 7~8 15.221 10.621 14.192 13,269 5.551

24·Aug 11,117 4,619 5,036 8.497 10.218 7,848 15.221 20.621 14,193 13,269 5.552

25·Aug 11,111 4,619 5,036 8.498 10.218 7,8-19 15,221 20,621 14,193 13,271 5,554

26--Aug 11,118 4,619 5.036 8.499 10.218 7~'" 15,211 20,621 14.195 13.275 5,555

27-Aug 4.619 5.037 8.'" 10.218 7.850 15,221 20,624 14,196 13,279 5,557

28·Aug 4.619 5.038 8.'" 10.218 7,850 15,221 20,626 14,197 13,279 5,557

29·Aug 4.619 5.038 8.505 10.218 7,850 15,227 20,630 14,199 13,286 5,557
letters nexllo yen indieate ron-timing model used for estimating missing counts: L - late; N • normal; E - early.

Bold italics represenl estimated counts. Boxed arus are middle 50% afron. Midpoint is bounded by double lines. ESCAPEME....T GOAL -10.000

• Includes counts .fier 8/19.
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03·Jul '" 5.616 on 16598 t,lij 3,196 '" '" t,In BOO ,,! 7,310 3,496 2,275 8J24 1,014 "O4-Jul '" 7,295 1.136 18.7{)5 1!.'J91 4567 U. 1.225 nU! ].829 /,lfj 9.225 4.562 3,858 10.5l6 1.259 "05·Jul '" 9.149 1,434 20,641 l"j98 ,.... 1,1') 1531 nll7 5,612 1,462 10,920 5,562 ,."" 14,073 1,758 "06-Jul 1.141 11,400 1.644 H.514 111,7'5 7,024 ,.~ UI74 14,267 "" 1,71! 11,931 6.876 7,042 16.941 2.104 '"07_Jul ,.- Il.B03 1.903 25,760 2',UI .,,, 2.049 "., 15,961 8,005 ,.~ 13.138 .,,, 9,191 19,627 2.493 '"OS-Jul 2,277 14.959 2.118 ".., 23.514 10.870 2,430 2.749 17.920 9,746 B" 14.052 9.538 10590 23.326 2.855 ""O9_Jul 2.956 17,255 2,355 J<l,552 27.983 12.834 3.048 3,674 20,671 10.835 3.089 15,221 lO,955 11.356 24,603 3.012 1,381

[(I-Jul "''' 20.057 2.922 34.065 Jl.J79 13,926 3.590 5.073 22.822 12.822 3.638 15.940 12.391 12.552 27.073 3.204 1,971

II_Jul 3.83 I 13.026 3.787 36,953 34.378 15,227 3.972 ,.... 25.460 14.136 4.155 17,201 13,642 13,698 28584 J,414 2.737

12-Jul 4,252 25,376 5.014 38,984 36.959 17,993 4,471 ,..., 28.095 15,229 S,314 18,451 14,724 /$,')7 30.H8 "''' ,",00

13-Jul 4,588 27.548 6.310 4ll,853 39,920 20,070 5,010 "'00 30.055 15,957 6,750 19395 16,\14 16,568 H_402 4.020 4.5BO

14-Jul 4,910 30.899 7.475 43.140 42362 22..193 5.717 9.654 n.lJ3 16.829 7,768 20,738 17.12ll 17.719 35.456 4.349 5,231

15·Jul 5.2J3 33,4lll 8,285 45.5% 44..1ll7 "'.,,, 6,214 lO545 33,905 18.382 8.769 22,204 18.525 18.586 36.822 4.740 5.770

16·JuI 5,514 35,981 9,252 47526 46.728 27.176 7.110 11.021 34.902 19,605 9,749 23,458 20.036 19593 38.21J 5.044 6.360

17·Jul 5.839 37.862 10.101 48.706 49,746 N.'" 7,834 11.621 35.629 20,269 10.708 24.365 22,066 21,363 39.814 ,"', 6.833
18·Jul 6.172 39,384 10.854 "... ,,-"" 30.419 8.4BO 11.983 36,039 21,386 11.748 25,627 23,851 22,386 40,M7 ,.... 7.274

19·Jul 6.454 40.765 11.448 50.934 54,228 3]J88 9,100 12327 36.498 21.589 12,490 26.698 14.375 13,H4 41.711 5.924 7.865
20-Jul 6,694 42.076 11.999 5lJ63 55,938 32,808 9,619 12.557 36.833 21.992 12.957 27.510 15,392 24,127 42,H9 6.098 8.421

21·Jul 7,285 42.721 12.572 52,087 51,l52 34.4% 10.091 12.150 31.111 22.599 13.419 27.994 26,634 15.150 43,418 6.361 8.998
22_Jul 1,538 43,696 12.986 52.113 ",,, 36.148 10.56-1 12.918 31.407 13,040 14,207 28.512 27.134 26,083 44,041 6.489 9.420
23.Jnl 1,704 44.462 13.441 53.304 59.172 37353 1I.01l 13,073 31,600 BJ56 15.020 29.422 27,621 27,098 44,861 6,652 9.901
24_JIII 1.811 45341 14.538 53.so5 59.919 38.065 11.538 13,197 37.828 B,4n 15.818 29.975 27.957 27.825 45.344 6.723 10.359
25-JuI 1,951 46.156 /5,')9 54.070 60.557 38,455 12.113 Il..lOO 37.923 23,531 16.181 30.655 28,447 28,l67 45.609 6.118 10.n4
26-JuI 7.983 46.719 H.l(U 5-1.418 61,104 3S.872 12.572 1l.419 3&.047 23.626 17.721 31.0B 28.713 28.701 45,791 6.901 11,04-1

27-M ___l.OI6 41.109 1.1,01 5-1,796 61.S80 39329 12.888 1l.516 "''' ''-'" JI,5211 22,~29,oo2.......-45~.llll.L-11 \97

28·JIII 8.028 47.348 J"')II 55.288 61.973 39.65-1 IJ.l29 13.663 38,269 23.883 19.Ll6 31.894 29,519 29,256 46,263 7.193 11,666
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1 D3lr '1 1'I~6(SI 1'I-SjSI 19~91l1 1981(El 1982l"l 19S-ll"1 19851l) l'IlI/>ll) 19811lE) 19901 'I 1991(1l 1991('1 19<13l" 199~"1 I9%(E) 19'1'll) l1199llll

19·Jul S.IlS! ~~.561 16,5]1 H.6~1 61_157 39.9'~ 13.rl 1J.797 38.366 24.H5 19.631 n.193 311.030 19.~1 46.860 7.316 11.95~

30·lul ,... -lI.673 16,'05 56.033 62.797 ~1l.H1 1J.688 B.III0 38.5l3 24.569 20.244 12.4.11 30.4~4 19.870 ~-.275 7,393 n,278

31·lul S,013 4i.785 l1,167 56.31. 63.0711 40.560 13.947 14.002 38,647 24.850 21.096 32,724 30,751 30,086 47.465 7,429 n,530

Ill-Aug <0' 17.885 /7.551 56.526 63.100 "..., 14.096 14.013 38.•60 H.198 21,850 32,888 311.956 10.257 -17.635 7,477 12.775

02-Au8 1."7 41,959 17,760 ,..m 63.487 41.057 14.245 14,145 38.852 2S,621 22,444 B,128 3l.083 30,461 "7,786 7,S27 12,948

03·Au8 1./02 "7,HI J1,'''3 56.85S 63.659 41.216 14..136 14.206 38,923 25.919 22,931 H,311 31.192 30,672 47.917 ,~" B,077

O4_Aug 1.111 "','21 11.119 56.9B 63.7SO ·t!..I49 14.423 14.168 38.995 26.1>1 23.250 H,415 31.3111 311,776 48.016 7,621 lJ,164

OS-Aug 1.112 #1.'36 11.1'7 56.968 63.854 41.399 14.481 14..123 39,056 26.311 23,533 H.480 31.423 30,835 48.069 7.654 13..187
06_Aug 6.,111 "','" 11,212 51.023 6J.3116 -llA19 14.533 14..176 39.118 26.3119 23.746 JJ.529 3J.573 30.877 48.151 7.696 13.490

07-Aug 1.112 "'.'7# 11.257 57,066 63.923 41A32 14.58S 14,421 39.173 ,.... 2J.U8 n,625 31.687 30.924 4&,202 '.m 13,524

OS-Aug 6.,113 "',III /6.,3(/(} 51.109 63.945 41.+W 14.662 14.468 39.226 26.505 23.896 H.684 31.766 10,968 48.252 7,149 lJ.581

O9-Aug ',/H "',11'13 1',U3 57.150 63.983 41.449 14.707 14.503 39,271 26.5>1 23,932 n,714 31.809 31,005 48.276 7.777 13,616

IO-Aug 6.,IN "',115 11,31>1 57.197 64.002 41.460 14.1lI9 14.540 39,ll8 26,600 23.981 JJ.774 31.824 31,031 4S.H6 ,.... 1J.646

II-Aug ',116 "'.111 11."31 57.226 64,018 41.4il 14.843 14.558 39..153 26.642 23,996 ll,843 31.834 31,'" "',HI 7,872 ll,673

12_Aug 1.117 "',119 II,"" 57,251 64.034 41.480 14.873 14.514 lll,l90 26,681 24.0ll JJ.91J 31.849 31,1JI "',37' 7,117 H,l'7

11-Aug ",.no 11."'5 57.278 M,049 41,480 14,!1l1 14.581 39.408 26.699 24,061 33,995 31.875 3/,171 "',3" 7,9'3 /1,73'

14-Au8 "',121 16.,511 57.302 64.055 41,481 14,930 14.594 19,414 16,722 24,081 34,0111 31,';' 31,1H "6.,,,tu 7.910 H,742

15_Aug ",.no 11.5U 57.325 64,on 41.482 14,946 14,614 39.431 26.734 24,089 34,045 31,'79 J/,2!2 48.420 7.921 lJ,753

16.Aug "',121 11.559 57.HI M,OS9 41.482 U.9I>1 14,6l4 39.444 26.i4O 2.1,096 34,062 31.IIJ 11.227 48.425 ,.,. 13,758

17.AuK "'.111 16.,5'5 57.336 64,06J ~1.483 14,'73 14,649 39.464 26.751 24.130 J4,078 31,117 31,229 48.427 7.941 lJ.l68

18-Aug "',122 11.57' 57..140 ",H' 41,484 N,N5 14,661 19,4S4 26,IS2 24,I6S 34,087 JI.891 31.2n 48,432 7,943 13,771

19.Aug ,,'.IU 1'.514 57.342 6M67 ~1,4S4 14,'" N,'73 39.499 26.756 24.177 34.1189 31,195 31,239 48,438 7.945 u.nl
20-Aug 4',125 I'.P' 57..151 U.'71 41.484 N,999 N.'7' 39511 26.159 24,177 34,092 31.'" 31.242 48.442 7.949 13.775

21.Aug 11,515 57..156 U,,7J 15._ N.U7 39.523 26,761 24.182 34.1ll5 31,243 48.4SO 7,9SO 1J.18O

22·Aug 1'.590 57..156 U,'77 15,'" N,U' 39528 26.161 24,182 31.246 48,455 7.9SO 13,786

23.Aug II.HO 57..157 15._ N.U' 39537 26,761 24.182 31,246 48.461 7.IISO 1J,188

H·Aug II.HI 57..160 15,HI N,U' 39.538 26.762 24,183 31.252 48,462 7.950 lJ,789

25.Aug 11,594 57..162 15.HI N.U9 39.538 26.763 24.186 31,252 48,469 7.951 1J.193

26·Aug II,H6 57..163 15,H2 N,U9 39.SJ8 26.763 24,187 ll.2>1 48,4n 7.951 13.794

27.Aug 16.,H7 57.365 15.H>I 1·1.'" 39539 26.764 24.187 31.255 48,414 7.951 1J.1%

28·Aug 1'.H9 57.365 15.H5 U.02 39539 26.164 24,187 31.256 ~8,47S 7.953 13.796

29.Aug 11,599 57.165 N.03 39.540 26.76S 24.1811 31.265 48,4115 7.958 U.198

l~llC't1 nal to }UT indical(: nm_lim;ng modcll1Kd fOl ntim.aling m;";"8 COWllS: L-lale; N· nom,.l: Ii· e..ly.
Bold italic. rcpr~<eII1 e'linut~dwunlS. Bo~o:d :bcas ore middle 50%0fnm. Midpoint is bounlkd b}'doubl~ lin~s, E:.SCAPEMEi\,COAL - JO,llOO.

• Indude!! counlS aflcr 8J29.
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